
Quantum Complexity Theory

Lecture 2: Bell’s inequality and MIP*

Tom Gur
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~132KM

1.4 * 10^-15 light years

~0.4 ms for light to travel

change one, and the other would be immediately effected!

Experiment
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Quote of the day

I cannot seriously believe in quantum mechanics, because the theory 
cannot be reconciled with the idea that physics should represent a 
reality in time and space, free from spooky actions at a distance.” 

— Albert Einstein

1947
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Rigidity!
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CS Perspective: Multi-prover Interactive Proofs (MIP) 
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Quantum MIPWhy does this matter? 

Provers are 
all powerful 

Verifier  
w.l.o.g. classical 
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MIP* 

| 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>

[Ito-Vidick 12]

NEXP ⊆ MIP*

Upper bound?

Quantum MIP



13

RE 
(Halting Problem)

R 
(Computable)

2-EXP

EXPSPACE

NEXP
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ELEMENTARY

⋃
k∈ℕ

k-𝖤𝖷𝖯

MIP* = RE


