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  x2L

T (x) = y x � yy

Len(x) = 3⇥ Len(y)

…

x = yz

Decidable! [Makanin 1977]
G S Makanin. The problem of solvability of equations in a free semigroup. Mathematics of the USSR-Sbornik, 32(2), 1977. doi: 10.1070/SM1977v032n02ABEH002376.  
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  x2L

T (x) = y x � yy

Len(x) = 3⇥ Len(y)

…

x = yz

Decidable [Schulz 1992]

Regular

Klaus U. Schulz. Makanin’s algorithm for word equations-two improvements and a gener- alization. In K. U. Schulz, editor, Word Equations and Related Topics, pages 
85–150, Berlin, Heidelberg, 1992. Springer Berlin Heidelberg. ISBN 978-3-540-46737-3.  
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  x2L

T (x) = y x � yy

Len(x) = 3⇥ Len(y)

…

x = yz

Undecidable [Bjorner et. al. 2009]
Bjørner, N., Tillmann, N., Voronkov, A. (2009). Path Feasibility Analysis for String-Manipulating Programs. In: Kowalewski, S., Philippou, A. (eds) Tools and Algorithms for the 
Construction and Analysis of Systems. TACAS 2009. Lecture Notes in Computer Science, vol 5505. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-00768-2_27
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Satisfiability is Undecidable!
PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn
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U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n

…

…

Given two vector of strings  and , each 
having  elements:
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?



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
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…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Reduction from PCP

Given two vector of strings  and , each 
having  elements:

U V
n



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Reduction from PCP

Given two vector of strings  and , each 
having  elements:

U V
n



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Given two vector of strings  and , each 
having  elements:

U V
n



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set: {xi, xs, xu, xv}Given two vector of strings  and , each 
having  elements:

U V
n



Satisfiability is Undecidable!

PCP instance over alphabet :⌃ Regular String Constraint:

Reduction from PCP

Variable set:

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V

1 2 3 4
baab ab bab ba

b aa babb aba

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃ Regular String Constraint:

Reduction from PCP

Variable set:

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V

1 2 3 4
baab ab bab ba

b aa babb aba

xi 2 (1 + 2 + 3 + 4)⇤

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃ Regular String Constraint:

Reduction from PCP

Variable set:

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V

1 2 3 4
baab ab bab ba

b aa babb aba

xi 2 (1 + 2 + 3 + 4)⇤

xs 2 ⌃⇤

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃ Regular String Constraint:

Reduction from PCP

Variable set:

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V

1 2 3 4
baab ab bab ba

b aa babb aba
xu 2 (1.baab+ 2.ab+ 3.bab+ 4.ba)⇤

xi 2 (1 + 2 + 3 + 4)⇤

xs 2 ⌃⇤

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃ Regular String Constraint:

Reduction from PCP

Variable set:

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V

1 2 3 4
baab ab bab ba

b aa babb aba xv 2 (1.b+ 2.aa+ 3.babb+ 4.aba)⇤
xu 2 (1.baab+ 2.ab+ 3.bab+ 4.ba)⇤

xi 2 (1 + 2 + 3 + 4)⇤

xs 2 ⌃⇤

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set:Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set:

xv =

 
S

j2[n]

j.vj

!⇤

xu =

 
S

j2[n]

j.uj

!⇤

xi =

 
S

j2[n]

j

!⇤

xs = ⌃⇤

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set:

xv =

 
S

j2[n]

j.vj

!⇤

xu =

 
S

j2[n]

j.uj

!⇤

xi =

 
S

j2[n]

j

!⇤

xs = ⌃⇤

xi � xu

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set:

xv =

 
S

j2[n]

j.vj

!⇤

xu =

 
S

j2[n]

j.uj

!⇤

xi =

 
S

j2[n]

j

!⇤

xs = ⌃⇤

xi � xu xs � xu

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set:

xv =

 
S

j2[n]

j.vj

!⇤

xu =

 
S

j2[n]

j.uj

!⇤

xi =

 
S

j2[n]

j

!⇤

xs = ⌃⇤

xi � xu xs � xu xu � Shuffle(xi, xs)

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set:

xv =

 
S

j2[n]

j.vj

!⇤

xu =

 
S

j2[n]

j.uj

!⇤

xi =

 
S

j2[n]

j

!⇤

xs = ⌃⇤

xi � xu xs � xu xu � Shuffle(xi, xs)

xi � xv

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn
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ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set:

xv =

 
S

j2[n]

j.vj

!⇤

xu =

 
S

j2[n]

j.uj

!⇤

xi =

 
S

j2[n]

j

!⇤

xs = ⌃⇤

xi � xu xs � xu xu � Shuffle(xi, xs)

xi � xv xs � xv

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}



Satisfiability is Undecidable!

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn
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i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?

Regular String Constraint:

Reduction from PCP

Variable set:

xv =

 
S

j2[n]

j.vj

!⇤

xu =

 
S

j2[n]

j.uj

!⇤

xi =

 
S

j2[n]

j

!⇤

xs = ⌃⇤

xi � xu xs � xu xu � Shuffle(xi, xs)

xi � xv xs � xv xv � Shuffle(xi, xs)

Given two vector of strings  and , each 
having  elements:

U V
n

{xi, xs, xu, xv}
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Main Result
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Parse tree

Grammar in CNF form
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NEXPTIME Upper bound 

small model property.

x � Shuffle(yz)

y � z

x

y z

Acyclic!

 Will x still be embedded in y?

Lemma: if  and   w1 � w2 w22L

then  : ,     and  has bounded size.9w3 w1 � w3 w32L w3





a a ab



S

a a ab



S

a a ab



S

a a ab

Skeleton



S

a a ab

Skeleton



S

a a ab

Skeleton

Prime nodes



S

a a ab

A

A

Skeleton

Prime nodes



S

a a ab

A

A
B

B

Skeleton

Prime nodes



S

a a ab

A

A
B

B

Skeleton

Prime nodes



S

a a ab

A

A
B

B

Skeleton

Prime nodes



S

a a

A

B

a b



S

a a

A

B

a b

|NT |



S

a a

A

B

a b

|NT |

at most  ( )-1 prime nodes2⇥len w1



S

a a

A

B

a b

|NT |

at most  ( )-1 prime nodes2⇥len w1Total number of nodes in the skeleton 
=  ( )-1  | | 2⇥len w1 ⇥ NT



S

a a

A

B

a b

|NT |

at most  ( )-1 prime nodes2⇥len w1Total number of nodes in the skeleton 
=  ( )-1  | | 2⇥len w1 ⇥ NT



S

a a

A

B

a b

|NT |

at most  ( )-1 prime nodes2⇥len w1Total number of nodes in the skeleton 
=  ( )-1  | | 2⇥len w1 ⇥ NT



S

a a

A

B

a b

|NT |

at most  ( )-1 prime nodes2⇥len w1Total number of nodes in the skeleton 
=  ( )-1  | | 2⇥len w1 ⇥ NT

|NT |



S

a a

A

B

a b
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a a

A

B

a b

|NT |

at most  ( )-1 prime nodes2⇥len w1Total number of nodes in the skeleton 
=  ( )-1  | | 2⇥len w1 ⇥ NT

|NT |
subtree of size atmost 2|NT |

Size of the parse tree 
O(Len(w1)⇥ |NT |⇥ 2|NT |)
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Size of the parse tree 
O(Len(x)⇥ |NT |⇥ 2|NT |)

2|NT |



NEXPTIME Upper bound 
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y � z
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y z

Acyclic!

Size of the parse tree 
O(Len(y)⇥ |NT |⇥ 2|NT |)

small model property.

y is bounded by O(22⇥|NT |
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x

y z

Acyclic!

Size of the parse tree 
O(Len(y)⇥ |NT |⇥ 2|NT |)

z is bounded by O(2⇥ 23⇥|NT |
⇥ |NT |2)

small model property.

y is bounded by O(22⇥|NT |
⇥ |NT |)
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 NEXPTIME Lower bound

Bounded PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n

…

…

Given two equi-dimensional vector 
of strings  and :U V



 NEXPTIME Lower bound

Bounded PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n

…

…

Given two equi-dimensional vector 
of strings  and :U V

and an integer  given in binary`



 NEXPTIME Lower bound

Bounded PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n

…

…

Given two equi-dimensional vector 
of strings  and :U V

and an integer  given in binary`

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik



 NEXPTIME Lower bound

Bounded PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n

…

…

Given two equi-dimensional vector 
of strings  and :U V

and an integer  given in binary`

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?
len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`

AND



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2
aa

p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2
aa a

p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2
a aa a

p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2
a2

3

p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2
a2

`�1

p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2p0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2p0
a2

`

…



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at most 2`

p`p`�1p1 p2p0
a2

`

…

generates at most  a’s2`



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

a a a . . . a q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

a . . . a q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

a . . . aa q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

ai q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

ai/2 q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

ai/4 q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

ai/2
`�2

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

ai/2
`�1

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

ai/2
`�1

reads exactly 2 a’s

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

ai/2
`�1

reads exactly 2 a’s

i � 2`

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count at least 2`

ai/2
`�1

reads exactly 2 a’s

i � 2`

must generate at least  a’s2`

q`q`�1q1 q2q0 …



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count exactly 2`



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count exactly 2`

p`p`�1p1 p2 …

q` q`�1 q1q2 q0…



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

Gadget to count exactly 2`

p`p`�1p1 p2 …

q` q`�1 q1q2 q0…

 2`

� 2`



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

p`p`�1p1 p2 …

q` q`�1 q1q2 q0…
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� 2`

Topology for the PCP simulation



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

p`p`�1p1 p2 …

q` q`�1 q1q2 q0…

 2`

� 2`

Topology for the PCP simulation



 NEXPTIME lower bound

To give a reduction, we look at the following gadgets:

q`

 2`

� 2`

Topology for the PCP simulation



 NEXPTIME lower bound

gen

 2`

� 2`

Topology for the PCP simulation

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

Given two vector of strings   and , each 
having  elements:

U V
n

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?
AND

len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`



 NEXPTIME lower bound

gen

 2`

� 2`

Topology for the PCP simulation

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

Given two vector of strings   and , each 
having  elements:

U V
n

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?
AND

len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`



 NEXPTIME lower bound

gen

 2`

� 2`

Topology for the PCP simulation

 2`

� 2`

ver

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn
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…
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<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn
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…
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PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…
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len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`
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 2`
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 2`

� 2`

ver

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

Given two vector of strings   and , each 
having  elements:

U V
n

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?
AND

len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`



 NEXPTIME lower bound

gen

 2`
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� 2`
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 2` � 2`

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

Given two vector of strings   and , each 
having  elements:

U V
n

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?
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len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`
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PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

Given two vector of strings   and , each 
having  elements:

U V
n

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?
AND

len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`



 NEXPTIME lower bound

gen

 2`

� 2`

Topology for the PCP simulation

 2`

� 2`

ver

a 2` � 2`

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

Given two vector of strings   and , each 
having  elements:

U V
n

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?
AND

len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`



 NEXPTIME lower bound

gen

 2`

� 2`

Topology for the PCP simulation

counts |v| = 2`

 2`

� 2`
counts |u| = 2`

ver

checks if 2`

ui vi

 2` � 2`

PCP instance over alphabet :⌃

<latexit sha1_base64="mpUpQ1xa5E3RlPvP4BwSfS16/fM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYNpiW8pmu2mXbjZhdyKW0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DholTzbjPYhnrVkANl0JxHwVK3ko0p1EgeTMY3Uz95iPXRsTqHscJ70Z0oEQoGEUrPXSQP2EQZv6kV664VXcGsky8nFQgR71X/ur0Y5ZGXCGT1Ji25ybYzahGwSSflDqp4QllIzrgbUsVjbjpZrOLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzPa6cYXnUzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2RC8xZeXSeOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6iDDwwUPMMrvDnGeXHenY95a8HJZw7hD5zPH/NYkRk=</latexit>

U
<latexit sha1_base64="pqWGyEWyObh4EqxRK5UA70jniYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2nf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8I2I2i</latexit>u1

<latexit sha1_base64="wT1W4gZ9RYC83osJehiVvX+qgiM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuk/7tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AClyNow==</latexit>u2
<latexit sha1_base64="ze4ZMjFCPOi++qnZgVPqupBimy4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD2lf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdlTI3f</latexit>un

<latexit sha1_base64="YiqefhnmRkysFfyl5V6LK8GVj28=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMAiz5qRXrrhVdwa6TLycVEiOeq/81e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QE6v0aRhrWwrpTP09kbHImHEU2M6I4dAselPxP6+TYnjlZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLy6R5VvUuqud355XadR5HkRyRY3JKPHJJauSW1EmDcKLIM3klb45xXpx352PeWnDymUPyB87nD/TdkRo=</latexit>

V
<latexit sha1_base64="te6BMzDxL7YAb5V2CJMGo5jwxD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWznbRLN5uwuymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlx3HP65UrbtWdg6wSLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVdK8qHpX1cuHy0rtNo+jCCdwCufgwTXU4B7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz8KXo2j</latexit>v1

<latexit sha1_base64="IKVRHkp+6wYt8JJ/vI2Fpb2XMrY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjRPOAZAmzk9lkyOzsMtMbCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3cb425NiJWTzhJuB/RgRKhYBSt9DjuVXrFklt2FyDrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6UahRM8lmhmxqeUDaiA96xVNGIG3+6OHVGLqzSJ2GsbSkkC/X3xJRGxkyiwHZGFIdm1ZuL/3mdFMMbfypUkiJXbLkoTCXBmMz/Jn2hOUM5sYQyLeythA2ppgxtOgUbgrf68jppVsreVbn6UC3VbrM48nAG53AJHlxDDe6hDg1gMIBneIU3RzovzrvzsWzNOdnMKfyB8/kDC+KNpA==</latexit>v2
<latexit sha1_base64="qkkp8LWmYwzCuzZ93AsNm72ULM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOymU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVE04S7kd0oEQoGEUrPY57qleuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVL2r6uXDZaV2m8dRhBM4hXPw4BpqcA91aACDATzDK7w50nlx3p2PRWvByWeO4Q+czx9m0o3g</latexit>vn

1 2 … n
…
…

Given two vector of strings   and , each 
having  elements:

U V
n

9
sequence of indices 

i1, i2, . . . , ik

ui1 · ui2 · · ·uik

=
vi1 · vi2 · · · vik

?
AND

len(ui1 · ui2 · · ·uik) = len(vi1 · vi2 · · · vik) = 2`
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6. From Bounded PCP to Acyclic Lossy 
Channel Pushdown Systems

 Both Reachability for Acyclic LCS and 
Satisfiability for Acyclic String constraints are 

NEXPTIME complete!

=)





Thank You!


