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| i
<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit> B
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Quantum Entanglement
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| i
<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit> A

| i
<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit> B
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Spatial isolation => zero knowledge

even in a quantum world

The challenge

Theorem: NEXP ⊆ ZK-MIP*

NEXP ⊆ ZK-MIP    [BGKW88]

NEXP ⊆ MIP*    [IV12]We know that: Why not 
combine them?

Current MIP techniques are ALGEBRAIC

(Previous) zero-knowledge techniques were COMBINATORIAL
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Incompatibility
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Spatial isolation => zero knowledge

even in a quantum world

Theorem: NEXP ⊆ ZK-MIP*



Spatial isolation => zero knowledge

even in a quantum world

Proof in 2 steps:

Lifting lemma

| i
<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit>

| i
<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit>
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ZK-preserving



Spatial isolation => zero knowledge

even in a quantum world

Proof in 2 steps:

Lifting lemma

| i
<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit>

| i
<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit>
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Overview of the Lifting Lemma

Low-degree 
Interactive PCP

MIP* point-vs-plane 
Low-degree test 
[Natarajan-Vidick 18]

w.p. 1/2:
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Overview of the Lifting Lemma

Low-degree 
Interactive PCP

| i
<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit> A
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<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit> B
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<latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit><latexit sha1_base64="DJSvyfHvY+4ds1iiok+r1ifP00o=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsK3QhDKZTNqhk0mYmQglFjf+ihsXirj1K9z5N07aLLT1wDCHc+6dufcEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJaJskPJF3AVaUM0HbmmlO71JJcRxw2g1GV4XfvadSsUTc6nFK/RgPBIsYwdpIffvACxIeqnFsrvzBSxXzJBYDTid9u+40nCnQInFLUocSrb795YUJyWIqNOFYqZ7rpNrPsdSMmPdqXqZoiskID2jPUIFjqvx8usIEHRslRFEizREaTdXfHTmOVTGlqYyxHqp5rxD/83qZji78nIk001SQ2UdRxpFOUJEHCpmkRPOxIZhIZmZFZIglJtqkVjMhuPMrL5LOacM1ydyc1ZuXZRxVOIQjOAEXzqEJ19CCNhB4hGd4hTfryXqx3q2PWWnFKnv24Q+szx+PIJgo</latexit> A
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For r=1, H={0,1}

(multilinear extension)

NO!
p(2−1,…,2−1)= 2−k∑

α∈Hm
p(a)

[JKRS09]
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So far, we showed:

This suffices for committing to an ELEMENT

We need to commit to a POLYNOMIAL!

Now, we wish to de-commit w.r.t. a single point

WITHOUT LEAKING information about other points

Requires new algebraic complexity lower bounds!
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with O(1) rounds
NEXP ⊆ ZK-MIP*



Open Questions

Entanglement-resistant 
Tensor code testing

Lifting a richer 
class of protocols
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