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• Wrap-up of AI & Idolatry.

• DFT+ via o1 preview.

• Try a new Live Logic problem?

• Back to the ladder & SOL in HyperSlate®.

• DoubleMindedMan explored/solved.

• Can we simulate o1 preview on SOL problems?

• Now to Bringsjord vs. Granger …

Topics Before Granger Madness
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Exemplar in HG®

(forall (n) (= (func n 1) (inc 1)))

(forall (x) (= (func 1 (inc x)) (inc (inc (func 0 x)))))

(forall (n x) (= (func (inc n) (inc x) (func n (func (inc n) x))))

(NatNum 1)
(forall (n) (if (NatNum n) (NatNum (inc n))))

(NatNum (func 5 5))?????
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Possible Paper
(Review k-order ladder)

Does  = TOL work in HyperSlate?  Partially?  
Not at all?  What’s possible and what’s not?  
What exactly is needed inference-rule-wise for 
a full natural-deduction system for TOL.  Can a 
chatbot like GPT-4 o1 preview etc. handle TOL 
reasoning challenges expressed in English?  
What specimens do you have for your answer?

ℒ3
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Some Roots of the Debate

Granger:
We’re less than a Turing machine!

Bringsjord:
We’re more than a Turing machine!



Fatal Objection?

I can simulate a logic machine that’s at least a 
Turing machine … e.g. by simulating some of 
what o1 preview provides me.  Let’s 
explore for SOL …



“I don’t yet know how to handle ‘non-
linearity' in all of this, precisely.  Maybe 
you can help.  Here are some pointers, 
thoughts, initial constraints/structures …”
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(with Castañeda’s *)

1. natural language semantics (non-Montagovian)

2. higher-cognition tests (for Psychometric AI)
   (false-belief test, deliberative mind-reading 
     mirror test for self-consciousness ...)

4. biz & econ simulation 
3. ethically correct robots
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Gödel’s “God Theorem”
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ITS (Culture, Language, Math)
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AI-ified Axiomatic Physics!
(Synthese)
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Goodstein’s Theorem!
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   (false-belief test, deliberative mind-reading 
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4. Basis for RL:  Learning Ex Nihilo
3. ethically correct robots
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2. higher-cognition tests (for Psychometric AI)
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Ah.  This is not a direct analogue to the AH.  The 
arrows going up do indicate containment, but 
the purely “logicist” notation based on 
quantifiers is apparently mixed here 
(dangerously).  The “Delta notation” is the oracle 
approach to building up PH.  The availability of 
an oracle e.g. for NP questions from P-solving 
machine would subsume both NP and coNP, etc.
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(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

CogSci and AI need to say more about 
where AI falls/can fall in the landscape.
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(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

CogSci and AI need to say more about 
where AI falls/can fall in the landscape.



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Arithmetic Hierarchy, Part I

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Let  be a Turing-decidable (= decidable, 
simpliciter) dyadic relation.  Where is the set:

,
1 2 3 or 4?

R

{x : ∃yR(x, y)}

1

2

3

4

Arithmetic Hierarchy, Part I

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Let  be a Turing-decidable (= decidable, 
simpliciter) dyadic relation.  Where is the set:

,
1 2 3 or 4?

R

{x : ∀yR(x, y)}

1

2

3

4

Arithmetic Hierarchy, Part I

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Let  be a Turing-decidable (= decidable, 
simpliciter) dyadic relation.  Where is the set:

,
1 2 3 or 4?

R

{x : ∀yR(x, y)}

1

2

3

4

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Let  be a Turing-decidable (= decidable, 
simpliciter) dyadic relation.  Where is the set:

,
1 2 3 or 4?

R

{x : ∀yR(x, y)}

1

2

3

4

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Let  be a Turing-decidable (= decidable, 
simpliciter) dyadic relation.  Where is the set:

,
1 2 3 or 4?

R

{x : ∀yR(x, y)}

1

2

3

4

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

The set to be classified is the set of all pairs of programs 
 s.t. both compute exactly the same functions.P1 and P2

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>



(decidable formulae)

⌃0
1

<latexit sha1_base64="Xq16QtPjIflWppy5OeLOu9We/uQ=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKblxWtA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aRUWFpeWV4qrpbX1jc2t8vZOS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+DL12w9UKhaKWz2JqBvgoWA+I1gb6a53w4YBvrf7Tr9csat2BjRPnJxUIEejX/7oDUISB1RowrFSXceOtJtgqRnhdFrqxYpGmIzxkHYNFTigyk2yi6fowCgD5IfSlNAoU39OJDhQahJ4pjPAeqT+eqn4n9eNtX/mJkxEsaaCzBb5MUc6ROn7aMAkJZpPDMFEMnMrIiMsMdEmpFIWwnmKk++X50nrqOocV2vXtUr9Io+jCHuwD4fgwCnU4Qoa0AQCAh7hGV4sZT1Zr9bbrLVg5TO78AvW+xfU4JCB</latexit>

⇧0
1

<latexit sha1_base64="N0Fmyddqv6MSJ7WP1qSM+jqYHEo=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b0zcAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8Bg6aPKw==</latexit>

�0
1

<latexit sha1_base64="NfHd4Iw+kTrhtxyWBB5y+tG/Boc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39t9p1+u2FU7A5onTk4qkKPRL3/0BiGJAyo04ViprmNH2k2w1IxwOi31YkUjTMZ4SLuGChxQ5SbZxVN0YJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUikL4TzFyffL86R1VHWOq7WbWqV+kcdRhD3Yh0Nw4BTqcA0NaAIBAY/wDC+Wsp6sV+tt1lqw8pld+AXr/QvJ8ZB6</latexit>

�0
2

<latexit sha1_base64="VSd8P3GnFqyh6A0rMW19qs6VZPU=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQWH7uiLlxWsA9sY5lMJ+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98WXqtx+oVCwUt3oSUTfAQ8F8RrA20l3vinKN7+1+tV8q2xU7A5onTk7KkKPRL330BiGJAyo04ViprmNH2k2w1IxwOi32YkUjTMZ4SLuGChxQ5SbZxVN0aJQB8kNpSmiUqT8nEhwoNQk80xlgPVJ/vVT8z+vG2j9zEyaiWFNBZov8mCMdovR9NGCSEs0nhmAimbkVkRGWmGgTUjEL4TzFyffL86RVrTjHldpNrVy/yOMowD4cwBE4cAp1uIYGNIGAgEd4hhdLWU/Wq/U2a12w8pk9+AXr/QvLdZB7</latexit>

(Chomsky Hierarchy)CH
<latexit sha1_base64="0np6bejn3gJXPJRppmsYwEkuTbA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRafOyK3XRZwdpCE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1z/JgzpW370yqtrK6tb5Q3K1vbO7t71f2DexUlktAuiXgk+z5WlDNBu5ppTvuxpDj0Oe3501bm9x6oVCwSd3oWUy/EY8ECRrA2kuuGWE8I5mmrPR9Wa3bdzoGWiVOQGhToDKsf7igiSUiFJhwrNXDsWHsplpoRTucVN1E0xmSKx3RgqMAhVV6aZ56jE6OMUBBJ84RGufpzI8WhUrPQN5NZRvXXy8T/vEGigysvZSJONBVkcShIONIRygpAIyYp0XxmCCaSmayITLDERJuaKnkJ1xkuvr+8TO7P6s55vXHbqDVvijrKcATHcAoOXEIT2tCBLhCI4RGe4cVKrCfr1XpbjJasYucQfsF6/wIi1ZHj</latexit>

Turing Machines (TMs)

Linear Bounded Automata (LBAs)

Push Down Automata (PDAs)

Finite State Automata (FSAs)

A
r
H

<latexit sha1_base64="Z50Oh960/f3Kojv74fce4Lp+n2U=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+ROzD71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vOxyXiA==</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

...
<latexit sha1_base64="ZxOlbs4PwCB3X546l2OUHgWxnjk=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4A2lMlk0o6dzISZSaGE/oMbF4q49X/c+TdO0iBqPXDhcM693HuPHzOqtON8WkvLK6tr66WN8ubW9s5uZW+/rUQiMWlhwYTs+kgRRjlpaaoZ6caSoMhnpOOPbzK/MyFSUcHv9TQmXoSGnIYUI22kdn8SCK0GlapTc3LYi8QtSBUKNAeVj34gcBIRrjFDSvVcJ9ZeiqSmmJFZuZ8oEiM8RkPSM5SjiCgvza+d2cdGCexQSFNc27n6cyJFkVLTyDedEdIj9dfLxP+8XqLDSy+lPE404Xi+KEyYrYWdvW4HVBKs2dQQhCU1t9p4hCTC2gRUzkO4ynD+/fIiaZ/W3LNa/a5ebVwXcZTgEI7gBFy4gAbcQhNagOEBHuEZXixhPVmv1tu8dckqZg7gF6z3L+SJj3o=</latexit>

⌃0
2

<latexit sha1_base64="yN7gDSBtyrVwgP/WfIybxU503/w=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAiuSlKLj13RjcuK9oFtLJPppB06MwkzE6GE/oUbF4q49W/c+TdO0iBqPXDhcM693HuPHzGqtON8WguLS8srq4W14vrG5tZ2aWe3pcJYYtLEIQtlx0eKMCpIU1PNSCeSBHGfkbY/vkz99gORiobiVk8i4nE0FDSgGGkj3fVu6JCje6df7ZfKTsXJYM8TNydlyNHolz56gxDHnAiNGVKq6zqR9hIkNcWMTIu9WJEI4TEakq6hAnGivCS7eGofGmVgB6E0JbSdqT8nEsSVmnDfdHKkR+qvl4r/ed1YB2deQkUUayLwbFEQM1uHdvq+PaCSYM0mhiAsqbnVxiMkEdYmpGIWwnmKk++X50mrWnGPK7XrWrl+kcdRgH04gCNw4RTqcAUNaAIGAY/wDC+Wsp6sV+tt1rpg5TN78AvW+xfWZJCC</latexit>

⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)

semi-decidable

Δ0
1 = Σ0

1 ∩ Π0
1

Can you see the carryover from PH?

Arithmetic Hierarchy, Part I

x 2 ⌃i i↵ 9R 9y18y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 8 if i even;Qi = 9 if i odd)

<latexit sha1_base64="ab0THvyLoPR5tq3jKmiuDfay1cg="></latexit>

x 2 ⇧i i↵ 9R 8y19y2 · · ·QiyiR(x, y1, y2, . . . , yi)
(Qi = 9 if j even;Qi = 8 if j odd)

<latexit sha1_base64="fq6YAqsl/KaxmV1CAX8R9SUfYmc="></latexit>

Try your hand at classifying! …

From Kleene:  The set to be classified, , consists of all 
those inputs to a given Turing machine  that results in 
this machine halting after some number of steps.

𝒦
𝔪

The set to be classified is the set of all pairs of programs 
 s.t. both compute exactly the same functions.P1 and P2

2SAMEFUNC := {m1,m2 : 8u8v[9k(hm1, ui : v, k $ 9k0(hm2, ui : v, k0)]

<latexit sha1_base64="PRWcEN2NWK2/OXjHG9ivn1jqtgI="></latexit>

(forall (u v) (exists (k1 k2) 
                      (iff (comp m1 u v k1) 
                           (comp m2 u v k2))))





What about (oft vaunted) quantum computers?



What about (oft vaunted) quantum computers?



What about (oft vaunted) quantum computers?
GCI



Why can’t a “neural” node be like tour nodes?

L


