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Photons and half-silvered mirrors (beamsplitters) 

Exactly one of D1, D2 fires,
at random, probabilities ½ each.
Afterwards photon is in |0> or  |1> state
as seen  (if non-destructive detection).
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Now make light weaker and weaker. 
Put detectors in the two arms: we see corpuscular behaviour (photons)

light

D2
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(!) Further experiments show: each photon goes both ways!
If we look to see “which way” we get a definite answer and 
photon state changes to be in only that arm.



Why say “both ways”? - Interferometer
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D1 always fires –
never D2!

Full mirror
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Why say “both ways”? - Interferometer
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Any device able to detect photon
(non-destructively)

D

*If D absent, photon always registers at D1
*If D present, photon registers at D2 (or at D1) with probability

half (and D may or may not detect a photon).
So can sometimes get:
Photon seen at D2 but D remains “untouched” (no detection).
This can only happen if D could have detected the photon.



The basic “counterfactual” (CF) effect

light D1

* Photon emerges from half-mirror going
“both ways”.

* Exactly one detector always fires   
-- never both!

D2



Now remove D2
If  D1 does not fire then photon is fully in vertical path 
i.e. photon state is changed even though the agent (D1) 
has been unaffected  (photon found absent in horizontal path!)

“State change caused by fact that D1 could have detected the photon 
even though it, in fact, did not.”
Can use this to learn whether a proposed detector can function without 
actually using the detector !

The basic “counterfactual” (CF) effect

light D1

* Photon emerges from half-mirror going
“both ways”.

* Exactly one detector always fires   
-- never both!



CF quantum effects

* Elizur-Vaidman (1993) bomb testing problem
* Interaction-free imaging 
* Computational applications (G. Mitchison & R. Jozsa 2000)

BOMB

Have many bombs.
Trigger so sensitive that any disturbance 
will set bomb off!
But bomb may be a dud - trigger jammed.

Problem: 
How can we tell if a bomb is good without setting it off ?

No classical solution!
There is a quantum solution!



Solution of bomb testing problem:
D is bomb trigger (e.g. as a mirror). Photon deflects off it at lower corner.
Dud bomb -- cannot register photon, photon never seen at D2.
Good bomb -- able to register presence of photon. 

Sometimes photon seen at D2 but bomb unexploded.
Then it must then be a good bomb !
(Half the time, photon will be seen absent by bomb, 
and half of those times it will register at D2.)
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Photon interferometer (again)

BOMB



Interaction-free Imaging

D is presence or absence of an opaque object.
Absence: just empty space! -- photon passes through 

and always registers at  D1.
Presence: path blocked! -- photon seen at  D2 half the time, and half 

these times photon not registered to go along lower path!    
i.e. then no photon hits object! (All this works with prob ¼.)

Improved set-up: probability ¼  improved to 1- ε (any ε > 0).
Example: photographic film at D2: with raster scan,
can get silhouette image of object without shining any light on it!

Experimental demonstration (S. Inoue & G. Björk 2000): 
“…here we present experimental results where a photographic film’s

shape is imaged on an identical piece of film without exposing 
the first film.”

Application: silhouette X-ray imaging without radiation damage!



Counterfactual quantum computation
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Imagine replacing bomb by a (quantum) computer QC of following kind:
* QC has on/off switch, initially off (switch settings: off = 0, on = 1);
* QC programmed ready to solve a yes/no problem if switched on,

for time T (denote answers r by r = 0 for ‘yes’ and r = 1 for ‘no’;
* QC has output register initially set to 0,  that will contain the answer r.

So initially we have and in time T get:
switch output prog
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|ji
<latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit>

|Ri
<latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit>

|ji
<latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit>

(computer off)

�!
<latexit sha1_base64="6T9KoHG0YLVcMRvEe8m3HjCaP+Q=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsgqsyI4Iui25cVrAXaIeSSTPT0EwyJBmlDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+cOUM20879spra1vbG6Vtys7u3v7VffgsK1lpghtEcml6oZYU84EbRlmOO2miuIk5LQTjm9m9c4DVZpJcW8mKQ0SHAsWMYKNtQZutc+liBWLRwYrJR8Hbs2re3OhVfALqEGh5sD96g8lyRIqDOFY657vpSbIsTKMcDqt9DNNU0zGOKY9iwInVAf5/PApOrXOEEVS2ScMmru/J3KcaD1JQtuZYDPSy7WZ+V+tl5noKsiZSDNDBVksijKOjESzFNCQKUoMn1jARDF7KyIjrDAxNquKDcFf/vIqtM/rvuW7i1rjuoijDMdwAmfgwyU04Baa0AICGTzDK7w5T86L8+58LFpLTjFzBH/kfP4AcjqTlg==</latexit><latexit sha1_base64="6T9KoHG0YLVcMRvEe8m3HjCaP+Q=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsgqsyI4Iui25cVrAXaIeSSTPT0EwyJBmlDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+cOUM20879spra1vbG6Vtys7u3v7VffgsK1lpghtEcml6oZYU84EbRlmOO2miuIk5LQTjm9m9c4DVZpJcW8mKQ0SHAsWMYKNtQZutc+liBWLRwYrJR8Hbs2re3OhVfALqEGh5sD96g8lyRIqDOFY657vpSbIsTKMcDqt9DNNU0zGOKY9iwInVAf5/PApOrXOEEVS2ScMmru/J3KcaD1JQtuZYDPSy7WZ+V+tl5noKsiZSDNDBVksijKOjESzFNCQKUoMn1jARDF7KyIjrDAxNquKDcFf/vIqtM/rvuW7i1rjuoijDMdwAmfgwyU04Baa0AICGTzDK7w5T86L8+58LFpLTjFzBH/kfP4AcjqTlg==</latexit><latexit sha1_base64="6T9KoHG0YLVcMRvEe8m3HjCaP+Q=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsgqsyI4Iui25cVrAXaIeSSTPT0EwyJBmlDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+cOUM20879spra1vbG6Vtys7u3v7VffgsK1lpghtEcml6oZYU84EbRlmOO2miuIk5LQTjm9m9c4DVZpJcW8mKQ0SHAsWMYKNtQZutc+liBWLRwYrJR8Hbs2re3OhVfALqEGh5sD96g8lyRIqDOFY657vpSbIsTKMcDqt9DNNU0zGOKY9iwInVAf5/PApOrXOEEVS2ScMmru/J3KcaD1JQtuZYDPSy7WZ+V+tl5noKsiZSDNDBVksijKOjESzFNCQKUoMn1jARDF7KyIjrDAxNquKDcFf/vIqtM/rvuW7i1rjuoijDMdwAmfgwyU04Baa0AICGTzDK7w5T86L8+58LFpLTjFzBH/kfP4AcjqTlg==</latexit><latexit sha1_base64="6T9KoHG0YLVcMRvEe8m3HjCaP+Q=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsgqsyI4Iui25cVrAXaIeSSTPT0EwyJBmlDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+cOUM20879spra1vbG6Vtys7u3v7VffgsK1lpghtEcml6oZYU84EbRlmOO2miuIk5LQTjm9m9c4DVZpJcW8mKQ0SHAsWMYKNtQZutc+liBWLRwYrJR8Hbs2re3OhVfALqEGh5sD96g8lyRIqDOFY657vpSbIsTKMcDqt9DNNU0zGOKY9iwInVAf5/PApOrXOEEVS2ScMmru/J3KcaD1JQtuZYDPSy7WZ+V+tl5noKsiZSDNDBVksijKOjESzFNCQKUoMn1jARDF7KyIjrDAxNquKDcFf/vIqtM/rvuW7i1rjuoijDMdwAmfgwyU04Baa0AICGTzDK7w5T86L8+58LFpLTjFzBH/kfP4AcjqTlg==</latexit>

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

|Ri
<latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit>

|ji
<latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit><latexit sha1_base64="8iHUs9oEzYJZxMzOzTSHBFWbQgs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QNpTNdtKu3WzC7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2i0jyWd2acoB/RgeQhZ9RY6/7poauoHAjslStu1Z2JLIOXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LEoaofaz2cITcmKdPgljZZ80ZOb+nshopPU4CmxnRM1QL9am5n+1TmrCSz/jMkkNSjb/KEwFMTGZXk/6XCEzYmyBMsXtroQNqaLM2IxKNgRv8eRlaJ5VPcu355XaVR5HEY7gGE7BgwuowQ3UoQEMIniGV3hzlPPivDsf89aCk88cwh85nz8OuJCP</latexit>

|Ri
<latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit>

(computer on)|1i
<latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit>

|j � ri
<latexit sha1_base64="9EBebwc8jk5m9SiyRmfIw4UJs3I=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuiy6MZlBXuBzlAy6Zk2NpMMSUYpbR/FjQtF3Pok7nwb03YW2vpD4OM/53BO/ijlTBvP+3YKa+sbm1vF7dLO7t7+gVs+bGqZKQoNKrlU7Yho4ExAwzDDoZ0qIEnEoRUNb2b11iMozaS4N6MUwoT0BYsZJcZaXbc8eQhkyjONVaCI6HPouhWv6s2FV8HPoYJy1bvuV9CTNEtAGMqJ1h3fS004JsowymFaCjINKaFD0oeORUES0OF4fvoUn1qnh2Op7BMGz93fE2OSaD1KItuZEDPQy7WZ+V+tk5n4KhwzkWYGBF0sijOOjcSzHHCPKaCGjywQqpi9FdMBUYQam1bJhuAvf3kVmudV3/LdRaV2ncdRRMfoBJ0hH12iGrpFddRAFD2hZ/SK3pyJ8+K8Ox+L1oKTzxyhP3I+fwCVW5Qx</latexit><latexit sha1_base64="9EBebwc8jk5m9SiyRmfIw4UJs3I=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuiy6MZlBXuBzlAy6Zk2NpMMSUYpbR/FjQtF3Pok7nwb03YW2vpD4OM/53BO/ijlTBvP+3YKa+sbm1vF7dLO7t7+gVs+bGqZKQoNKrlU7Yho4ExAwzDDoZ0qIEnEoRUNb2b11iMozaS4N6MUwoT0BYsZJcZaXbc8eQhkyjONVaCI6HPouhWv6s2FV8HPoYJy1bvuV9CTNEtAGMqJ1h3fS004JsowymFaCjINKaFD0oeORUES0OF4fvoUn1qnh2Op7BMGz93fE2OSaD1KItuZEDPQy7WZ+V+tk5n4KhwzkWYGBF0sijOOjcSzHHCPKaCGjywQqpi9FdMBUYQam1bJhuAvf3kVmudV3/LdRaV2ncdRRMfoBJ0hH12iGrpFddRAFD2hZ/SK3pyJ8+K8Ox+L1oKTzxyhP3I+fwCVW5Qx</latexit><latexit sha1_base64="9EBebwc8jk5m9SiyRmfIw4UJs3I=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuiy6MZlBXuBzlAy6Zk2NpMMSUYpbR/FjQtF3Pok7nwb03YW2vpD4OM/53BO/ijlTBvP+3YKa+sbm1vF7dLO7t7+gVs+bGqZKQoNKrlU7Yho4ExAwzDDoZ0qIEnEoRUNb2b11iMozaS4N6MUwoT0BYsZJcZaXbc8eQhkyjONVaCI6HPouhWv6s2FV8HPoYJy1bvuV9CTNEtAGMqJ1h3fS004JsowymFaCjINKaFD0oeORUES0OF4fvoUn1qnh2Op7BMGz93fE2OSaD1KItuZEDPQy7WZ+V+tk5n4KhwzkWYGBF0sijOOjcSzHHCPKaCGjywQqpi9FdMBUYQam1bJhuAvf3kVmudV3/LdRaV2ncdRRMfoBJ0hH12iGrpFddRAFD2hZ/SK3pyJ8+K8Ox+L1oKTzxyhP3I+fwCVW5Qx</latexit><latexit sha1_base64="9EBebwc8jk5m9SiyRmfIw4UJs3I=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuiy6MZlBXuBzlAy6Zk2NpMMSUYpbR/FjQtF3Pok7nwb03YW2vpD4OM/53BO/ijlTBvP+3YKa+sbm1vF7dLO7t7+gVs+bGqZKQoNKrlU7Yho4ExAwzDDoZ0qIEnEoRUNb2b11iMozaS4N6MUwoT0BYsZJcZaXbc8eQhkyjONVaCI6HPouhWv6s2FV8HPoYJy1bvuV9CTNEtAGMqJ1h3fS004JsowymFaCjINKaFD0oeORUES0OF4fvoUn1qnh2Op7BMGz93fE2OSaD1KItuZEDPQy7WZ+V+tk5n4KhwzkWYGBF0sijOOjcSzHHCPKaCGjywQqpi9FdMBUYQam1bJhuAvf3kVmudV3/LdRaV2ncdRRMfoBJ0hH12iGrpFddRAFD2hZ/SK3pyJ8+K8Ox+L1oKTzxyhP3I+fwCVW5Qx</latexit>

|1i
<latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit>

|Ri
<latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit><latexit sha1_base64="yg6c36sqMq5TRiGAR/lTM3kUOew=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYxX5IG8pmO2mX7m7C7kYosb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD2ttx5RaRbLezNOMBBkIFnEKDHWeni66yoiBxx75YpX9WZyl8HPoQK56r3yV7cf01SgNJQTrTu+l5ggI8owynFS6qYaE0JHZIAdi5II1EE2W3jinlin70axsk8ad+b+nsiI0HosQtspiBnqxdrU/K/WSU10GWRMJqlBSecfRSl3TexOr3f7TCE1fGyBUMXsri4dEkWosRmVbAj+4snL0Dyr+pZvzyu1qzyOIhzBMZyCDxdQgxuoQwMoCHiGV3hzlPPivDsf89aCk88cwh85nz/poZB3</latexit>

For the two possible (unknown) answers  r = 0 or 1 we have unitary
operations          or          on switch and output registers, with           U0

<latexit sha1_base64="QNEKhS5wh1ssHVc2O280r17dhZk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD33X615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9TNjXw=</latexit><latexit sha1_base64="QNEKhS5wh1ssHVc2O280r17dhZk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD33X615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9TNjXw=</latexit><latexit sha1_base64="QNEKhS5wh1ssHVc2O280r17dhZk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD33X615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9TNjXw=</latexit><latexit sha1_base64="QNEKhS5wh1ssHVc2O280r17dhZk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD33X615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9TNjXw=</latexit>

U1
<latexit sha1_base64="RGQw/8n/bDm+JigR5WArrNJ92jY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD3vX615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ZRjX0=</latexit><latexit sha1_base64="RGQw/8n/bDm+JigR5WArrNJ92jY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD3vX615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ZRjX0=</latexit><latexit sha1_base64="RGQw/8n/bDm+JigR5WArrNJ92jY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD3vX615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ZRjX0=</latexit><latexit sha1_base64="RGQw/8n/bDm+JigR5WArrNJ92jY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD3vX615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ZRjX0=</latexit>

U0
<latexit sha1_base64="QNEKhS5wh1ssHVc2O280r17dhZk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD33X615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9TNjXw=</latexit><latexit sha1_base64="QNEKhS5wh1ssHVc2O280r17dhZk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD33X615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9TNjXw=</latexit><latexit sha1_base64="QNEKhS5wh1ssHVc2O280r17dhZk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD33X615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9TNjXw=</latexit><latexit sha1_base64="QNEKhS5wh1ssHVc2O280r17dhZk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD33X615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9TNjXw=</latexit>

U1
<latexit sha1_base64="RGQw/8n/bDm+JigR5WArrNJ92jY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD3vX615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ZRjX0=</latexit><latexit sha1_base64="RGQw/8n/bDm+JigR5WArrNJ92jY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD3vX615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ZRjX0=</latexit><latexit sha1_base64="RGQw/8n/bDm+JigR5WArrNJ92jY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD3vX615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ZRjX0=</latexit><latexit sha1_base64="RGQw/8n/bDm+JigR5WArrNJ92jY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxomkLbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9eD3vX615tbducgqeAXUoFCzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOiVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNndZMAVMiMmFihT3O5K2IgqyoxNp2JD8JZPXoXWRd2zfH9Za9wUcZThBE7hHDy4ggbcQRN8YDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ZRjX0=</latexit>

= Identity operation = CNOT quantum operation
when the computer is run.



In the interferometer: replace bomb by computer 
with photon being the agent capable of switching it on.

If r = 1:  computer works as a photon detector i.e. wait time T
and look at output register (like “good bomb exploding”.)

If r = 0:  computer does nothing i.e. output register unchanged
(whether it ran or not, cannot be a photon detector)
(like “bomb with jammed trigger remaining unchanged”.)

So as before:
if we see photon at D2 we can be sure that r = 1, and then 
if also the output register shows value 0 we know the computer 
was not run (“good bomb that remains unexploded”.)
These two things viz. CF computation of answer when it is 1,
happen with probability ¼.

If instead we see photon at D1: this always occurs if r = 0 but  
sometimes occurs for r = 1; and then sometimes computer is run too
(“bomb is exploded”) .  Thus if photon seen at D1 we cannot deduce r.



Improving the ¼ : not running the computer many times!
Look just at switch and output registers initially in
Choose N (largish), write 
Rotate switch to 
Wait for time T,  get   
Measure the output register (only): 
if r is actually 1: 
we see  0,  prob.               and state becomes               (computer not run)
or  see  1,  prob.                 ...   ...          ...                      (computer has run)
(and latter are also the new states of switch/output registers).
If see 1 we know r = 1 but abort (as computer has run too!)
if r is actually 0: 
we see 0 always and state becomes  

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

cos ✓|0i+ sin ✓|1i
<latexit sha1_base64="QLPQr84M7KeJMhVhnMepfSBy5KE=">AAACFnicbZA9SwNBEIbn/DZ+RS1tFoMgBMOdjZZBG0sFYwK5EPY2k2TJ3t6xOyeE6K+wsfRv2FgoYit2/hs3H4hGX1h4eGeG2XmjVElLvv/pzczOzS8sLi3nVlbX1jfym1tXNsmMwIpIVGJqEbeopMYKSVJYSw3yOFJYjXqnw3r1Go2Vib6kfoqNmHe0bEvByVnN/EEoEstC6iJxduOHhuuOQlZkoZX62w8mfjNf8Ev+SOwvBBMolHfD4gMAnDfzH2ErEVmMmoTi1tYDP6XGgBuSQuFtLswsplz0eAfrDjWP0TYGo7Nu2Z5zWqydGPc0sZH7c2LAY2v7ceQ6Y05dO10bmv/V6hm1jxsDqdOMUIvxonamGCVsmBFrSYOCVN8BF0a6vzLR5YYLcknmXAjB9Ml/4eqwFDi+CArlExhrCXZgF/YhgCMowxmcQwUE3MEjPMOLd+89ea/e27h1xpvMbMMvee9f45WgDA==</latexit><latexit sha1_base64="+vmQwocaC/n/xlGj7/tG4bhrBp4=">AAACFnicbZDLSgMxFIYz9VbrrerSTWgRhGKZcaPLohuXFewFOqVk0tM2NJMZkjNCqX0KXfgqblwo4lbc9W1ML4i2/hD4+M85nJw/iKUw6LpjJ7Wyura+kd7MbG3v7O5l9w+qJko0hwqPZKTrATMghYIKCpRQjzWwMJBQC/pXk3rtDrQRkbrFQQzNkHWV6AjO0Fqt7KnPI0N97AEyeu/6mqmuBFqgvhHqx/fmfiubd4vuVHQZvDnkSzm/8DguDcqt7JffjngSgkIumTENz42xOWQaBZcwyviJgZjxPutCw6JiIZjmcHrWiB5bp007kbZPIZ26vyeGLDRmEAa2M2TYM4u1iflfrZFg56I5FCpOEBSfLeokkmJEJxnRttDAUQ4sMK6F/SvlPaYZR5tkxobgLZ68DNWzomf5xsuXLslMaXJEcuSEeOSclMg1KZMK4eSBPJNX8uY8OS/Ou/Mxa00585lD8kfO5zfs/6GS</latexit><latexit sha1_base64="+vmQwocaC/n/xlGj7/tG4bhrBp4=">AAACFnicbZDLSgMxFIYz9VbrrerSTWgRhGKZcaPLohuXFewFOqVk0tM2NJMZkjNCqX0KXfgqblwo4lbc9W1ML4i2/hD4+M85nJw/iKUw6LpjJ7Wyura+kd7MbG3v7O5l9w+qJko0hwqPZKTrATMghYIKCpRQjzWwMJBQC/pXk3rtDrQRkbrFQQzNkHWV6AjO0Fqt7KnPI0N97AEyeu/6mqmuBFqgvhHqx/fmfiubd4vuVHQZvDnkSzm/8DguDcqt7JffjngSgkIumTENz42xOWQaBZcwyviJgZjxPutCw6JiIZjmcHrWiB5bp007kbZPIZ26vyeGLDRmEAa2M2TYM4u1iflfrZFg56I5FCpOEBSfLeokkmJEJxnRttDAUQ4sMK6F/SvlPaYZR5tkxobgLZ68DNWzomf5xsuXLslMaXJEcuSEeOSclMg1KZMK4eSBPJNX8uY8OS/Ou/Mxa00585lD8kfO5zfs/6GS</latexit><latexit sha1_base64="XZ5LcXgNnjOBkIwuA17oQvwBPjM=">AAACFnicbZBNSwMxEIaz9avWr1WPXoJFEMSy60WPRS8eK9gP6JaSTadtaDa7JLNCqf0VXvwrXjwo4lW8+W9M20W09YXAyzMzTOYNEykMet6Xk1taXlldy68XNja3tnfc3b2aiVPNocpjGetGyAxIoaCKAiU0Eg0sCiXUw8HVpF6/A21ErG5xmEArYj0luoIztKjtngY8NjTAPiCj916gmepJoCc0MEL9cD/jbbfolbyp6KLxM1MkmSpt9zPoxDyNQCGXzJim7yXYGjGNgksYF4LUQML4gPWgaa1iEZjWaHrWmB5Z0qHdWNunkE7p74kRi4wZRqHtjBj2zXxtAv+rNVPsXrRGQiUpguKzRd1UUozpJCPaERo4yqE1jGth/0p5n2nG0SZZsCH48ycvmtpZybf+xi+WL7M48uSAHJJj4pNzUibXpEKqhJMH8kReyKvz6Dw7b877rDXnZDP75I+cj2/RFp6D</latexit>

cos ✓|0i|0i+ sin ✓|1i|ri
<latexit sha1_base64="d0TM/gynntMz9oc/+VsCudWSbM4=">AAACKnicbZA9SwNBEIbn/IzxK2ppsxgEQZA7Gy2jNpYRTCLkQtjbTJLFvb1jd04I0f9iZ+NfsbFQgq0/xM0HQRNfWHh45x1mZ6JUSUu+P/AWFpeWV1Zza/n1jc2t7cLObtUmmRFYEYlKzF3ELSqpsUKSFN6lBnkcKaxF91fDeu0BjZWJvqVeio2Yd7RsS8HJWc3CRSgSy0LqInH26IeG647CX3TMQiv1NBFME2ZCzULRP/FHYvMQTKBYOgiPnwGg3Cy8h61EZDFqEopbWw/8lBp9bkgKhU/5MLOYcnHPO1h3qHmMttEfrfrEDp3TYu3EuKeJjdzfHX0eW9uLI5eMOXXtbG1o/lerZ9Q+b/SlTjNCLcaD2plilLDh3VhLGhSkeg64MNL9lYkuN1yQu27eHSGYXXkeqqcngeOboFi6hLFysA8HcAQBnEEJrqEMFRDwAm/wAZ/eq/fuDbyvcXTBm/TswR953z+/E6hY</latexit><latexit sha1_base64="fng+OYHAvoZUJ+Ujus5wcFJQQfc=">AAACKnicbZDLSgMxFIYzXmu9VV26CS2CUCgzbnRZdeOygr1Ap5RMetqGZjJDckYotW/hO7jxVdx0oRS3PojphVJbfwh8/Oc/nJwTxFIYdN2xs7G5tb2zm9pL7x8cHh1nTk4rJko0hzKPZKRrATMghYIyCpRQizWwMJBQDXr3k3r1GbQRkXrCfgyNkHWUaAvO0FrNzK3PI0N97AIy+uL6mqmOhCXKU98ItUh4i4SeUzOTcwvuVHQdvDnkilk//zou9kvNzMhvRTwJQSGXzJi658bYGDCNgksYpv3EQMx4j3WgblGxEExjMF11SC+s06LtSNunkE7d5Y4BC43ph4FNhgy7ZrU2Mf+r1RNs3zQGQsUJguKzQe1EUozo5G60JTRwlH0LjGth/0p5l2nG0V43bY/gra68DpWrgmf50csV78hMKXJOsuSSeOSaFMkDKZEy4eSNfJBP8uW8OyNn7HzPohvOvOeM/JHz8wvIfane</latexit><latexit sha1_base64="fng+OYHAvoZUJ+Ujus5wcFJQQfc=">AAACKnicbZDLSgMxFIYzXmu9VV26CS2CUCgzbnRZdeOygr1Ap5RMetqGZjJDckYotW/hO7jxVdx0oRS3PojphVJbfwh8/Oc/nJwTxFIYdN2xs7G5tb2zm9pL7x8cHh1nTk4rJko0hzKPZKRrATMghYIyCpRQizWwMJBQDXr3k3r1GbQRkXrCfgyNkHWUaAvO0FrNzK3PI0N97AIy+uL6mqmOhCXKU98ItUh4i4SeUzOTcwvuVHQdvDnkilk//zou9kvNzMhvRTwJQSGXzJi658bYGDCNgksYpv3EQMx4j3WgblGxEExjMF11SC+s06LtSNunkE7d5Y4BC43ph4FNhgy7ZrU2Mf+r1RNs3zQGQsUJguKzQe1EUozo5G60JTRwlH0LjGth/0p5l2nG0V43bY/gra68DpWrgmf50csV78hMKXJOsuSSeOSaFMkDKZEy4eSNfJBP8uW8OyNn7HzPohvOvOeM/JHz8wvIfane</latexit><latexit sha1_base64="upMr3qgPZM8Rue0jXLnDuTQ6194=">AAACKnicbZBNSwMxEIaz9avWr6pHL8EiCELZ9aLHqhePFewHdEvJptM2NJtdklmh1P4eL/4VLz0oxas/xLRdSm0dCDy88w6TeYNYCoOuO3EyG5tb2zvZ3dze/sHhUf74pGqiRHOo8EhGuh4wA1IoqKBACfVYAwsDCbWg/zDt115AGxGpZxzE0AxZV4mO4Ayt1Mrf+Twy1MceIKOvrq+Z6kpYoivqG6EWDm/h0Cm18gW36M6KroOXQoGkVW7lx3474kkICrlkxjQ8N8bmkGkUXMIo5ycGYsb7rAsNi4qFYJrD2akjemGVNu1E2j6FdKYuTwxZaMwgDKwzZNgzq72p+F+vkWDntjkUKk4QFJ8v6iSSYkSnudG20MBRDiwwroX9K+U9phlHm27OhuCtnrwO1euiZ/nJK5Tu0ziy5Iyck0vikRtSIo+kTCqEkzfyQT7Jl/PujJ2J8z23Zpx05pT8KefnF6yUps8=</latexit>

cos2 ✓
<latexit sha1_base64="WWGAPMhiy1zoFZC0cmAWDA2pVf0=">AAAB9HicbZC7SgNBFIbPxltcb1FLm8EgWIXdNNqIQRvLCOYC2TXMTibJkNmLM2cDYQn4FjYWitj6GvZ2vo2TS6GJPwx8/Occzpk/SKTQ6DjfVm5ldW19I79pb23v7O4V9g/qOk4V4zUWy1g1A6q5FBGvoUDJm4niNAwkbwSD60m9MeRKizi6w1HC/ZD2ItEVjKKxfI/F+r7sYZ8jJe1C0Sk5U5FlcOdQvPy0Lx4BoNoufHmdmKUhj5BJqnXLdRL0M6pQMMnHtpdqnlA2oD3eMhjRkGs/mx49JifG6ZBurMyLkEzd3xMZDbUehYHpDCn29WJtYv5Xa6XYPfczESUp8ojNFnVTSTAmkwRIRyjOUI4MUKaEuZWwPlWUocnJNiG4i19ehnq55Bq+dYuVK5gpD0dwDKfgwhlU4AaqUAMGD/AEL/BqDa1n6816n7XmrPnMIfyR9fEDr66TiQ==</latexit><latexit sha1_base64="8jD+WdJEfaJmbuThG+M27RiwRCA=">AAAB9HicbZDLSgMxFIYzXut4q7p0EyyCqzLTjW7EohuXFewFOmPJpGkbmknG5EyhDH0ONy6U4tbXcO9GfBvTy0Jbfwh8/OcczskfJYIb8LxvZ2V1bX1jM7flbu/s7u3nDw5rRqWasipVQulGRAwTXLIqcBCskWhG4kiwetS/mdTrA6YNV/IehgkLY9KVvMMpAWuFAVXmoRRAjwHBrXzBK3pT4WXw51C4+nAvk/GXW2nlP4O2omnMJFBBjGn6XgJhRjRwKtjIDVLDEkL7pMuaFiWJmQmz6dEjfGqdNu4obZ8EPHV/T2QkNmYYR7YzJtAzi7WJ+V+tmULnIsy4TFJgks4WdVKBQeFJArjNNaMghhYI1dzeimmPaELB5uTaEPzFLy9DrVT0Ld/5hfI1mimHjtEJOkM+OkdldIsqqIooekRP6AW9OgPn2Rk7b7PWFWc+c4T+yHn/AaE9lP0=</latexit><latexit sha1_base64="8jD+WdJEfaJmbuThG+M27RiwRCA=">AAAB9HicbZDLSgMxFIYzXut4q7p0EyyCqzLTjW7EohuXFewFOmPJpGkbmknG5EyhDH0ONy6U4tbXcO9GfBvTy0Jbfwh8/OcczskfJYIb8LxvZ2V1bX1jM7flbu/s7u3nDw5rRqWasipVQulGRAwTXLIqcBCskWhG4kiwetS/mdTrA6YNV/IehgkLY9KVvMMpAWuFAVXmoRRAjwHBrXzBK3pT4WXw51C4+nAvk/GXW2nlP4O2omnMJFBBjGn6XgJhRjRwKtjIDVLDEkL7pMuaFiWJmQmz6dEjfGqdNu4obZ8EPHV/T2QkNmYYR7YzJtAzi7WJ+V+tmULnIsy4TFJgks4WdVKBQeFJArjNNaMghhYI1dzeimmPaELB5uTaEPzFLy9DrVT0Ld/5hfI1mimHjtEJOkM+OkdldIsqqIooekRP6AW9OgPn2Rk7b7PWFWc+c4T+yHn/AaE9lP0=</latexit><latexit sha1_base64="F5SBrXOVu2smVzxZik1ki1yllus=">AAAB9HicbZA9TwJBEIbn8AvxC7W02UhMrMgdjZZEG0tM5CPhTrK3LLBh7/bcnSMhF36HjYXG2Ppj7Pw3LnCFgm+yyZN3ZjKzb5hIYdB1v53CxubW9k5xt7S3f3B4VD4+aRmVasabTEmlOyE1XIqYN1Gg5J1EcxqFkrfD8e283p5wbYSKH3Ca8CCiw1gMBKNorcBnyjzWfBxxpKRXrrhVdyGyDl4OFcjV6JW//L5iacRjZJIa0/XcBIOMahRM8lnJTw1PKBvTIe9ajGnETZAtjp6RC+v0yUBp+2IkC/f3REYjY6ZRaDsjiiOzWpub/9W6KQ6ug0zESYo8ZstFg1QSVGSeAOkLzRnKqQXKtLC3EjaimjK0OZVsCN7ql9ehVat6lu+9Sv0mj6MIZ3AOl+DBFdThDhrQBAZP8Ayv8OZMnBfn3flYthacfOYU/sj5/AFAdpG8</latexit>

sin2 ✓
<latexit sha1_base64="16fDniT68V/oFfHg515UUYP8Mhc=">AAAB9HicbZC7SgNBFIbPxluMt6ilzWAQrMJuGm3EoI1lBHOBZA2zk0kyZHZ2nTkbCEvAt7CxUMTW17C3822cXApN/GHg4z/ncM78QSyFQdf9djIrq2vrG9nN3Nb2zu5efv+gZqJEM15lkYx0I6CGS6F4FQVK3og1p2EgeT0YXE/q9SHXRkTqDkcx90PaU6IrGEVr+S0j1H2phX2OlLTzBbfoTkWWwZtD4fIzd/EIAJV2/qvViVgScoVMUmOanhujn1KNgkk+zrUSw2PKBrTHmxYVDbnx0+nRY3JinQ7pRto+hWTq/p5IaWjMKAxsZ0ixbxZrE/O/WjPB7rmfChUnyBWbLeomkmBEJgmQjtCcoRxZoEwLeythfaopQ5tTzobgLX55GWqlomf51iuUr2CmLBzBMZyCB2dQhhuoQBUYPMATvMCrM3SenTfnfdaaceYzh/BHzscPt4mTjg==</latexit><latexit sha1_base64="SwNf55fbGg7o4cG9oCgtX3p0SfA=">AAAB9HicbZC7SgNBFIZnvcb1FrW0GQyCVdhNo40YtLGMYC6QrGF2cpIMmZ1dZ84GQshz2FgowdbXsLcR38bJpdDEHwY+/nMO58wfJlIY9LxvZ2V1bX1jM7Plbu/s7u1nDw4rJk41hzKPZaxrITMghYIyCpRQSzSwKJRQDXs3k3q1D9qIWN3jIIEgYh0l2oIztFbQMEI9FBrYBWS0mc15eW8qugz+HHJXH+5lMv5yS83sZ6MV8zQChVwyY+q+l2AwZBoFlzByG6mBhPEe60DdomIRmGA4PXpET63Tou1Y26eQTt3fE0MWGTOIQtsZMeyaxdrE/K9WT7F9EQyFSlIExWeL2qmkGNNJArQlNHCUAwuMa2FvpbzLNONoc3JtCP7il5ehUsj7lu/8XPGazJQhx+SEnBGfnJMiuSUlUiacPJIn8kJenb7z7Iydt1nrijOfOSJ/5Lz/AKkYlQI=</latexit><latexit sha1_base64="SwNf55fbGg7o4cG9oCgtX3p0SfA=">AAAB9HicbZC7SgNBFIZnvcb1FrW0GQyCVdhNo40YtLGMYC6QrGF2cpIMmZ1dZ84GQshz2FgowdbXsLcR38bJpdDEHwY+/nMO58wfJlIY9LxvZ2V1bX1jM7Plbu/s7u1nDw4rJk41hzKPZaxrITMghYIyCpRQSzSwKJRQDXs3k3q1D9qIWN3jIIEgYh0l2oIztFbQMEI9FBrYBWS0mc15eW8qugz+HHJXH+5lMv5yS83sZ6MV8zQChVwyY+q+l2AwZBoFlzByG6mBhPEe60DdomIRmGA4PXpET63Tou1Y26eQTt3fE0MWGTOIQtsZMeyaxdrE/K9WT7F9EQyFSlIExWeL2qmkGNNJArQlNHCUAwuMa2FvpbzLNONoc3JtCP7il5ehUsj7lu/8XPGazJQhx+SEnBGfnJMiuSUlUiacPJIn8kJenb7z7Iydt1nrijOfOSJ/5Lz/AKkYlQI=</latexit><latexit sha1_base64="nVur+/2dDcO6piom7gAB3VPYYlc=">AAAB9HicbZA9TwJBEIbn8AvxC7W02UhMrMgdjZZEG0tM5CPhTrK3LLBhb+/cnSMhF36HjYXG2Ppj7Pw3LnCFgm+yyZN3ZjKzb5hIYdB1v53CxubW9k5xt7S3f3B4VD4+aZk41Yw3WSxj3Qmp4VIo3kSBkncSzWkUSt4Ox7fzenvCtRGxesBpwoOIDpUYCEbRWoFvhHqs+TjiSEmvXHGr7kJkHbwcKpCr0St/+f2YpRFXyCQ1puu5CQYZ1SiY5LOSnxqeUDamQ961qGjETZAtjp6RC+v0ySDW9ikkC/f3REYjY6ZRaDsjiiOzWpub/9W6KQ6ug0yoJEWu2HLRIJUEYzJPgPSF5gzl1AJlWthbCRtRTRnanEo2BG/1y+vQqlU9y/depX6Tx1GEMziHS/DgCupwBw1oAoMneIZXeHMmzovz7nwsWwtOPnMKf+R8/gBIUZHB</latexit>

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

|1i
<latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit>

|1i
<latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit>

✓ = (⇡2 )/N
<latexit sha1_base64="PwTAcoOiTdIaRUUiGuwD5yC2u4k=">AAACA3icbZA9SwNBEIbn4leMX6d22iwGIWniXRpthKAgVhLBaCAXwt5mL1my98HunBCOgI1/xcZCEVv/hJ2dP8VNYqHGFxYe3plhdl4/kUKj43xYubn5hcWl/HJhZXVtfcPe3LrWcaoYb7BYxqrpU82liHgDBUreTBSnoS/5jT84HddvbrnSIo6ucJjwdkh7kQgEo2isjr3jYZ8jJcek5AWKssxLxCirjsoHFx276FScicgsuN9QrJWds08AqHfsd68bszTkETJJtW65ToLtjCoUTPJRwUs1Tygb0B5vGYxoyHU7m9wwIvvG6ZIgVuZFSCbuz4mMhloPQ990hhT7+m9tbP5Xa6UYHLUzESUp8ohNFwWpJBiTcSCkKxRnKIcGKFPC/JWwPjVRoImtYEJw/548C9fVimv40i3WTmCqPOzCHpTAhUOowTnUoQEM7uABnuDZurcerRfrddqas75ntuGXrLcvyYeYdw==</latexit><latexit sha1_base64="gXTsaVo06Wmy7U0yEtH6Sc8+sCc=">AAACA3icbZC7SgNBFIZn4y3G26qdNoNBSJq4m0YbISqIlUQwF8guYXYymwyZvTBzVghLwMbHsLWxUMTWl7DzDax9AieJhSb+MPDxn3M4c34vFlyBZX0Ymbn5hcWl7HJuZXVtfcPc3KqrKJGU1WgkItn0iGKCh6wGHARrxpKRwBOs4fXPRvXGDZOKR+E1DGLmBqQbcp9TAtpqmzsO9BgQfIwLji8JTZ2YD9PysHhw2TbzVskaC8+C/QP5StE6//y6P6m2zXenE9EkYCFQQZRq2VYMbkokcCrYMOckisWE9kmXtTSGJGDKTcc3DPG+djrYj6R+IeCx+3siJYFSg8DTnQGBnpqujcz/aq0E/CM35WGcAAvpZJGfCAwRHgWCO1wyCmKggVDJ9V8x7REdBejYcjoEe/rkWaiXS7bmKztfOUUTZdEu2kMFZKNDVEEXqIpqiKJb9ICe0LNxZzwaL8brpDVj/Mxsoz8y3r4BQQWaTw==</latexit><latexit sha1_base64="gXTsaVo06Wmy7U0yEtH6Sc8+sCc=">AAACA3icbZC7SgNBFIZn4y3G26qdNoNBSJq4m0YbISqIlUQwF8guYXYymwyZvTBzVghLwMbHsLWxUMTWl7DzDax9AieJhSb+MPDxn3M4c34vFlyBZX0Ymbn5hcWl7HJuZXVtfcPc3KqrKJGU1WgkItn0iGKCh6wGHARrxpKRwBOs4fXPRvXGDZOKR+E1DGLmBqQbcp9TAtpqmzsO9BgQfIwLji8JTZ2YD9PysHhw2TbzVskaC8+C/QP5StE6//y6P6m2zXenE9EkYCFQQZRq2VYMbkokcCrYMOckisWE9kmXtTSGJGDKTcc3DPG+djrYj6R+IeCx+3siJYFSg8DTnQGBnpqujcz/aq0E/CM35WGcAAvpZJGfCAwRHgWCO1wyCmKggVDJ9V8x7REdBejYcjoEe/rkWaiXS7bmKztfOUUTZdEu2kMFZKNDVEEXqIpqiKJb9ICe0LNxZzwaL8brpDVj/Mxsoz8y3r4BQQWaTw==</latexit><latexit sha1_base64="iFTpAo16hQFR21PERsr7Wj8w1LA=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuadKMboejGlVSwF2hCmUwn7dDJJMycCCUU3Pgqblwo4taXcOfbOG2z0OoPAx//OYcz5w8SwTU4zpdVWFpeWV0rrpc2Nre2d+zdvZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQ1rbfvmdI8lncwTpgfkYHkIacEjNWzDzwYMiD4Ale8UBGaeQmfZLXJyelNzy47VWcm/BfcHMooV6Nnf3r9mKYRk0AF0brrOgn4GVHAqWCTkpdqlhA6IgPWNShJxLSfzW6Y4GPj9HEYK/Mk4Jn7cyIjkdbjKDCdEYGhXqxNzf9q3RTCcz/jMkmBSTpfFKYCQ4yngeA+V4yCGBsgVHHzV0yHxEQBJraSCcFdPPkvtGpV1/CtW65f5nEU0SE6QhXkojNUR9eogZqIogf0hF7Qq/VoPVtv1vu8tWDlM/vol6yPb26glrg=</latexit>

cos ✓|0i|0i+ sin ✓|1i|0i
<latexit sha1_base64="hTomQzrWWhaq1wFDROj5pqLFB4I=">AAACKnicbZA9SwNBEIbn4nf8ilraLAmCIMidjZZRG0sFkwi5EPY2k2TJ3t6xOyeEmP9iZ+NfsUmhiK0/xE0iookvLDy88w6zM1GqpCXff/dyC4tLyyura/n1jc2t7cLObtUmmRFYEYlKzF3ELSqpsUKSFN6lBnkcKaxFvctxvXaPxspE31I/xUbMO1q2peDkrGbhPBSJZSF1kTh78EPDdUfhLzrKh1bqn0Qwl2gWSv6xPxGbh+AbSuViePQIANfNwihsJSKLUZNQ3Np64KfUGHBDUigc5sPMYspFj3ew7lDzGG1jMFl1yA6c02LtxLiniU3c3x0DHlvbjyOXjDl17WxtbP5Xq2fUPmsMpE4zQi2mg9qZYpSw8d1YSxoUpPoOuDDS/ZWJLjdckLtu3h0hmF15Hqonx4Hjm6BUvoCpVmEfinAIAZxCGa7gGiog4Ale4BXevGdv5L17H9Nozvvu2YM/8j6/ADU7qAA=</latexit><latexit sha1_base64="FXoUip+9jyEZk0596N5ODpA6mi8=">AAACKnicbZDLSgMxFIYz9VbrrerSTWgRhEKZcaPLqhuXFewFOqVk0tM2NJMZkjNCqX0L38GNr+KmC6W49UFML0ht/SHw8Z//cHJOEEth0HUnTmpjc2t7J72b2ds/ODzKHp9UTZRoDhUeyUjXA2ZACgUVFCihHmtgYSChFvTvpvXaE2gjIvWIgxiaIesq0RGcobVa2RufR4b62ANk9Nn1NVNdCUtUyPhGqN+Et5ZoZfNu0Z2JroO3gHwp5xdeJqVBuZUd++2IJyEo5JIZ0/DcGJtDplFwCaOMnxiIGe+zLjQsKhaCaQ5nq47ouXXatBNp+xTSmbvcMWShMYMwsMmQYc+s1qbmf7VGgp3r5lCoOEFQfD6ok0iKEZ3ejbaFBo5yYIFxLexfKe8xzTja62bsEbzVldeheln0LD94+dItmStNzkiOXBCPXJESuSdlUiGcvJJ38kE+nTdn7Eycr3k05Sx6TskfOd8/PqWphg==</latexit><latexit sha1_base64="FXoUip+9jyEZk0596N5ODpA6mi8=">AAACKnicbZDLSgMxFIYz9VbrrerSTWgRhEKZcaPLqhuXFewFOqVk0tM2NJMZkjNCqX0L38GNr+KmC6W49UFML0ht/SHw8Z//cHJOEEth0HUnTmpjc2t7J72b2ds/ODzKHp9UTZRoDhUeyUjXA2ZACgUVFCihHmtgYSChFvTvpvXaE2gjIvWIgxiaIesq0RGcobVa2RufR4b62ANk9Nn1NVNdCUtUyPhGqN+Et5ZoZfNu0Z2JroO3gHwp5xdeJqVBuZUd++2IJyEo5JIZ0/DcGJtDplFwCaOMnxiIGe+zLjQsKhaCaQ5nq47ouXXatBNp+xTSmbvcMWShMYMwsMmQYc+s1qbmf7VGgp3r5lCoOEFQfD6ok0iKEZ3ejbaFBo5yYIFxLexfKe8xzTja62bsEbzVldeheln0LD94+dItmStNzkiOXBCPXJESuSdlUiGcvJJ38kE+nTdn7Eycr3k05Sx6TskfOd8/PqWphg==</latexit><latexit sha1_base64="gqn0PdCJ+q6EHfvaU+zzl7UZIBk=">AAACKnicbZDLSgMxFIYz9VbH26hLN8EiCEKZcaPLqhuXFewFOqVk0tM2NJMZkjNCqX0eN76Kmy6U4tYHMb0g2nog8PGf/3By/iiVwqDvT5zc2vrG5lZ+293Z3ds/8A6PqibJNIcKT2Si6xEzIIWCCgqUUE81sDiSUIv6d9N+7Qm0EYl6xEEKzZh1legIztBKLe8m5ImhIfYAGX32Q81UV8IvunBDI9SPI1hxtLyCX/RnRVchWECBLKrc8sZhO+FZDAq5ZMY0Aj/F5pBpFFzCyA0zAynjfdaFhkXFYjDN4ezUET2zSpt2Em2fQjpTf08MWWzMII6sM2bYM8u9qfhfr5Fh57o5FCrNEBSfL+pkkmJCp7nRttDAUQ4sMK6F/SvlPaYZR5uua0MIlk9eheplMbD8EBRKt4s48uSEnJJzEpArUiL3pEwqhJMX8kbeyYfz6oydifM5t+acxcwx+VPO1zcivKZ3</latexit>

Repeat the above N times (each time rotating the switch by
and measuring output register).
After N repeats, finally measure switch to see if it is 0 or 1.

✓
<latexit sha1_base64="4P4D2uY0ZEPMs9bkbarVMR1+0vw=">AAAB7XicbZC7SgNBFIbPeo3rLWppsxgEq7Bro40YtLGMYC6QLGF2MpuMmZ1ZZs4KYQn4CDYWitj6KPZ2vo2TS6GJPwx8/P85zDknSgU36PvfztLyyuraemHD3dza3tkt7u3Xjco0ZTWqhNLNiBgmuGQ15ChYM9WMJJFgjWhwPc4bD0wbruQdDlMWJqQnecwpQWvV29hnSDrFkl/2J/IWIZhB6fLTvXgEgGqn+NXuKpolTCIVxJhW4KcY5kQjp4KN3HZmWErogPRYy6IkCTNhPpl25B1bp+vFStsn0Zu4vztykhgzTCJbmRDsm/lsbP6XtTKMz8OcyzRDJun0ozgTHipvvLrX5ZpRFEMLhGpuZ/Von2hC0R7ItUcI5ldehPppObB8G5QqVzBVAQ7hCE4ggDOowA1UoQYU7uEJXuDVUc6z8+a8T0uXnFnPAfyR8/EDElCQ8g==</latexit><latexit sha1_base64="BfQ6j3mby/qa9Qg0XUH4OuznHh0=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoI1lBHOBJITZyWwyZnZmmTkrhCXvYGOhiI2Fj2JvI76Nk0uhiT8MfPz/Ocw5J0wEN+j7305uaXlldS2/7m5sbm3vFHb3akalmrIqVULpRkgME1yyKnIUrJFoRuJQsHo4uBrn9XumDVfyFocJa8ekJ3nEKUFr1VrYZ0g6haJf8ifyFiGYQfHiwz1P3r7cSqfw2eoqmsZMIhXEmGbgJ9jOiEZOBRu5rdSwhNAB6bGmRUliZtrZZNqRd2SdrhcpbZ9Eb+L+7shIbMwwDm1lTLBv5rOx+V/WTDE6a2dcJikySacfRanwUHnj1b0u14yiGFogVHM7q0f7RBOK9kCuPUIwv/Ii1E5KgeWboFi+hKnycACHcAwBnEIZrqECVaBwBw/wBM+Och6dF+d1WppzZj378EfO+w8D35Jm</latexit><latexit sha1_base64="BfQ6j3mby/qa9Qg0XUH4OuznHh0=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoI1lBHOBJITZyWwyZnZmmTkrhCXvYGOhiI2Fj2JvI76Nk0uhiT8MfPz/Ocw5J0wEN+j7305uaXlldS2/7m5sbm3vFHb3akalmrIqVULpRkgME1yyKnIUrJFoRuJQsHo4uBrn9XumDVfyFocJa8ekJ3nEKUFr1VrYZ0g6haJf8ifyFiGYQfHiwz1P3r7cSqfw2eoqmsZMIhXEmGbgJ9jOiEZOBRu5rdSwhNAB6bGmRUliZtrZZNqRd2SdrhcpbZ9Eb+L+7shIbMwwDm1lTLBv5rOx+V/WTDE6a2dcJikySacfRanwUHnj1b0u14yiGFogVHM7q0f7RBOK9kCuPUIwv/Ii1E5KgeWboFi+hKnycACHcAwBnEIZrqECVaBwBw/wBM+Och6dF+d1WppzZj378EfO+w8D35Jm</latexit><latexit sha1_base64="6liFj+liH12HJ1cxxEX46DTWEWw=">AAAB7XicbZBNSwMxEIazftb6VfXoJVgET2XXix6LXjxWsB/QLiWbzrax2WRJZoWy9D948aCIV/+PN/+NabsHbX0h8PDODJl5o1QKi77/7a2tb2xubZd2yrt7+weHlaPjltWZ4dDkWmrTiZgFKRQ0UaCETmqAJZGEdjS+ndXbT2Cs0OoBJymECRsqEQvO0FmtHo4AWb9S9Wv+XHQVggKqpFCjX/nqDTTPElDIJbO2G/gphjkzKLiEabmXWUgZH7MhdB0qloAN8/m2U3runAGNtXFPIZ27vydyllg7SSLXmTAc2eXazPyv1s0wvg5zodIMQfHFR3EmKWo6O50OhAGOcuKAcSPcrpSPmGEcXUBlF0KwfPIqtC5rgeP7oFq/KeIokVNyRi5IQK5IndyRBmkSTh7JM3klb572Xrx372PRuuYVMyfkj7zPH6MJjyU=</latexit>



If r = 0:
state will have rotated to                so switch will certainly 
show 1 (and computer will have been run).
If r = 1:
with prob                   state will be              and switch will certainly 
show 0.  In this case all intermediate measurements are 0 too, 
so the computer has not run yet we learn that r = 1! 
And note:                               as                .

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

|1i
<latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit><latexit sha1_base64="JWEjF0TSBR9i+0mDMHYAD6uqyI0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fAUdDRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC2tpBW</latexit>

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

(cos ⇡
2N )N

<latexit sha1_base64="XBGIxTlGi0H9nSMGh00O51fjvlE=">AAACA3icbZC7SgNBFIbPxluMt1U7bQaDkDRhN42WQUGsQgRzgewaZiezyZDZCzOzQlgWbHwVGwtFbH0JOzsfxcml0MQfBj7+cw5nzu/FnEllWV9GbmV1bX0jv1nY2t7Z3TP3D1oySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y0uJ/X2PRWSReGtGsfUDfAgZD4jWGmrZx6VkEMiiRxfYJI6McvSaj0r36X1rGcWrYo1FVoGew7FWtm6+gaARs/8dPoRSQIaKsKxlF3bipWbYqEY4TQrOImkMSYjPKBdjSEOqHTT6Q0ZOtVOH/mR0C9UaOr+nkhxIOU48HRngNVQLtYm5n+1bqL8czdlYZwoGpLZIj/hSEVoEgjqM0GJ4mMNmAim/4rIEOs0lI6toEOwF09ehla1Ymu+sYu1C5gpD8dwAiWw4QxqcA0NaAKBB3iCF3g1Ho1n4814n7XmjPnMIfyR8fEDY1iY3g==</latexit><latexit sha1_base64="MLyd0CZCGs4fSSQlyY3JxRJS+eg=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAI7abMdKPLqiCuSgV7gU4tmTTThmaSIckIZRhw42O4deNCEbe+hDvfwLVPYHpZaOsPgY//nMPJ+f2IUaUd59NaWFxaXlnNrGXXNza3tu2d3boSscSkhgUTsukjRRjlpKapZqQZSYJCn5GGPzgf1Ru3RCoq+LUeRqQdoh6nAcVIG6tj7+ehh4WCXiARTryIpkmpkhZukkrasXNO0RkLzoM7hVy54Fx8fT+cVjv2h9cVOA4J15ghpVquE+l2gqSmmJE068WKRAgPUI+0DHIUEtVOxjek8Mg4XRgIaR7XcOz+nkhQqNQw9E1niHRfzdZG5n+1VqyDk3ZCeRRrwvFkURAzqAUcBQK7VBKs2dAAwpKav0LcRyYNbWLLmhDc2ZPnoV4quoav3Fz5DEyUAQfgEOSBC45BGVyCKqgBDO7AI3gGL9a99WS9Wm+T1gVrOrMH/sh6/wHax5q2</latexit><latexit sha1_base64="MLyd0CZCGs4fSSQlyY3JxRJS+eg=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAI7abMdKPLqiCuSgV7gU4tmTTThmaSIckIZRhw42O4deNCEbe+hDvfwLVPYHpZaOsPgY//nMPJ+f2IUaUd59NaWFxaXlnNrGXXNza3tu2d3boSscSkhgUTsukjRRjlpKapZqQZSYJCn5GGPzgf1Ru3RCoq+LUeRqQdoh6nAcVIG6tj7+ehh4WCXiARTryIpkmpkhZukkrasXNO0RkLzoM7hVy54Fx8fT+cVjv2h9cVOA4J15ghpVquE+l2gqSmmJE068WKRAgPUI+0DHIUEtVOxjek8Mg4XRgIaR7XcOz+nkhQqNQw9E1niHRfzdZG5n+1VqyDk3ZCeRRrwvFkURAzqAUcBQK7VBKs2dAAwpKav0LcRyYNbWLLmhDc2ZPnoV4quoav3Fz5DEyUAQfgEOSBC45BGVyCKqgBDO7AI3gGL9a99WS9Wm+T1gVrOrMH/sh6/wHax5q2</latexit><latexit sha1_base64="8+nCfEr4bHfQDbbY6n3TFENa9G8=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYk3eiy6MZVqWAv0NQymU7aoZNMmJkIJQTc+CpuXCji1pdw59s4bbPQ1h8GPv5zDmfO78ecKe0439bK6tr6xmZhq7i9s7u3bx8ctpRIJKFNIriQHR8ryllEm5ppTjuxpDj0OW374+tpvf1ApWIiutOTmPZCPIxYwAjWxurbx2XkEaGQF0hMUi9mWVqtZ+f3aT3r2yWn4syElsHNoQS5Gn37yxsIkoQ00oRjpbquE+teiqVmhNOs6CWKxpiM8ZB2DUY4pKqXzm7I0JlxBigQ0rxIo5n7eyLFoVKT0DedIdYjtVibmv/VuokOLnspi+JE04jMFwUJR1qgaSBowCQlmk8MYCKZ+SsiI2zS0Ca2ognBXTx5GVrVimv41i3VrvI4CnACp1AGFy6gBjfQgCYQeIRneIU368l6sd6tj3nripXPHMEfWZ8/CHGXHw==</latexit>

(cos ⇡
2N )N ! 1

<latexit sha1_base64="6PbgGpDDsJDdSWL+kQWXy90GVYA=">AAACEXicbZC7SgNBFIbPxluMt6ilzWAQkibsptEyKIhViGAukI1hdjKbDJndWWZmlbDsK9j4KjYWitja2dn5KE4uhSb+MPDxn3M4c34v4kxp2/6yMiura+sb2c3c1vbO7l5+/6CpRCwJbRDBhWx7WFHOQtrQTHPajiTFgcdpyxtdTOqtOyoVE+GNHke0G+BByHxGsDZWL18sIpcIhVxfYpK4EUuTSi0t3Sa1FLmSDYYaSynukdPLF+yyPRVaBmcOhWrJvvwGgHov/+n2BYkDGmrCsVIdx450N8FSM8JpmnNjRSNMRnhAOwZDHFDVTaYXpejEOH3kC2leqNHU/T2R4ECpceCZzgDroVqsTcz/ap1Y+2fdhIVRrGlIZov8mCMt0CQe1GeSEs3HBjCRzPwVkSE22WgTYs6E4CyevAzNStkxfO0UqucwUxaO4BiK4MApVOEK6tAAAg/wBC/waj1az9ab9T5rzVjzmUP4I+vjB8jKnoA=</latexit><latexit sha1_base64="X2Hra5gmzKR1fPcgMtilNmdbSOc="></latexit><latexit sha1_base64="X2Hra5gmzKR1fPcgMtilNmdbSOc="></latexit><latexit sha1_base64="WLxiBoKdc8n8gAW8TJ0T68Jswoo=">AAACEXicbZC7TsMwFIYdrqXcAowsFhVSWaqkC4wVLExVkehFakrluE5r1Ykj+wRURXkFFl6FhQGEWNnYeBvcNgO0/JKlT/85R8fn92PBNTjOt7Wyura+sVnYKm7v7O7t2weHLS0TRVmTSiFVxyeaCR6xJnAQrBMrRkJfsLY/vprW2/dMaS6jW5jErBeSYcQDTgkYq2+Xy9ijUmMvUISmXsyztFrPzu7SeoY9xYcjIErJB+z27ZJTcWbCy+DmUEK5Gn37yxtImoQsAiqI1l3XiaGXEgWcCpYVvUSzmNAxGbKuwYiETPfS2UUZPjXOAAdSmRcBnrm/J1ISaj0JfdMZEhjpxdrU/K/WTSC46KU8ihNgEZ0vChKBQeJpPHjAFaMgJgYIVdz8FdMRMdmACbFoQnAXT16GVrXiGr5xS7XLPI4COkYnqIxcdI5q6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6I+vzB23jnME=</latexit>

N ! 1
<latexit sha1_base64="Ylvs2stuZv05mQ9FJeueFZwBZ5I=">AAAB/XicbZC7SgNBFIbPeo3xtl46m8EgWIVdG23EoI2VRDAXSEKYncwmQ2Znl5mzSgxBH8XGQhFbH8Hezrdxcik08YeBj/+cwznzB4kUBj3v25mbX1hcWs6sZFfX1jc23a3tsolTzXiJxTLW1YAaLoXiJRQoeTXRnEaB5JWgezGsV265NiJWN9hLeCOibSVCwShaq+nuXpG6Fu0OUq3jO1IXKsRe0815eW8kMgv+BHJnn9nTRwAoNt2veitmacQVMkmNqflego0+1SiY5INsPTU8oaxL27xmUdGIm0Z/dP2AHFinRcJY26eQjNzfE30aGdOLAtsZUeyY6drQ/K9WSzE8afSFSlLkio0XhakkGJNhFKQlNGcoexYo08LeSliHasrQBpa1IfjTX56F8lHet3zt5wrnMFYG9mAfDsGHYyjAJRShBAzu4Qle4NV5cJ6dN+d93DrnTGZ24I+cjx/QVZb2</latexit><latexit sha1_base64="R8SLYhoBitawiPBuZp0CtGXiTDc=">AAAB/XicbZDLSsNAFIYn9VbjLV52bgaL4KokbnQjFt24kgr2Ak0pk+mkHTqZhJkTJZbiqwjiQhG3PoJ7N+LbOL0stPWHgY//nMM58weJ4Bpc99vKzc0vLC7ll+2V1bX1DWdzq6rjVFFWobGIVT0gmgkuWQU4CFZPFCNRIFgt6J0P67UbpjSP5TVkCWtGpCN5yCkBY7WcnUvsK97pAlEqvsU+lyFkLafgFt2R8Cx4EyicftgnyeOXXW45n347pmnEJFBBtG54bgLNPlHAqWAD2081SwjtkQ5rGJQkYrrZH10/wPvGaeMwVuZJwCP390SfRFpnUWA6IwJdPV0bmv/VGimEx80+l0kKTNLxojAVGGI8jAK3uWIURGaAUMXNrZh2iSIUTGC2CcGb/vIsVA+LnuErr1A6Q2Pl0S7aQwfIQ0eohC5QGVUQRXfoAT2jF+veerJerbdxa86azGyjP7LefwDB5Jhq</latexit><latexit sha1_base64="R8SLYhoBitawiPBuZp0CtGXiTDc=">AAAB/XicbZDLSsNAFIYn9VbjLV52bgaL4KokbnQjFt24kgr2Ak0pk+mkHTqZhJkTJZbiqwjiQhG3PoJ7N+LbOL0stPWHgY//nMM58weJ4Bpc99vKzc0vLC7ll+2V1bX1DWdzq6rjVFFWobGIVT0gmgkuWQU4CFZPFCNRIFgt6J0P67UbpjSP5TVkCWtGpCN5yCkBY7WcnUvsK97pAlEqvsU+lyFkLafgFt2R8Cx4EyicftgnyeOXXW45n347pmnEJFBBtG54bgLNPlHAqWAD2081SwjtkQ5rGJQkYrrZH10/wPvGaeMwVuZJwCP390SfRFpnUWA6IwJdPV0bmv/VGimEx80+l0kKTNLxojAVGGI8jAK3uWIURGaAUMXNrZh2iSIUTGC2CcGb/vIsVA+LnuErr1A6Q2Pl0S7aQwfIQ0eohC5QGVUQRXfoAT2jF+veerJerbdxa86azGyjP7LefwDB5Jhq</latexit><latexit sha1_base64="ShUag1/nx0Wlps3T/+/BAxGzE/0=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMuNFl0Y0rqWBboTOUTJppQzPJkJxRxlJ8FTcuFHHre7jzbUzbWWjrD4GP/5zDOfmjVHADnvftlJaWV1bXyuuVjc2t7R13d69lVKYpa1IllL6LiGGCS9YEDoLdpZqRJBKsHQ0vJ/X2PdOGK3kLecrChPQljzklYK2ue3CNA837AyBaqwcccBlD3nWrXs2bCi+CX0AVFWp03a+gp2iWMAlUEGM6vpdCOCIaOBVsXAkyw1JCh6TPOhYlSZgJR9Prx/jYOj0cK22fBDx1f0+MSGJMnkS2MyEwMPO1iflfrZNBfB6OuEwzYJLOFsWZwKDwJArc45pRELkFQjW3t2I6IJpQsIFVbAj+/JcXoXVa8y3f+NX6RRFHGR2iI3SCfHSG6ugKNVATUfSIntErenOenBfn3fmYtZacYmYf/ZHz+QNhHZUp</latexit>

For any protocol write
Pr = probability or learning result r (if it is r ) 

without running the computer. 

In the above protocol we have 
P0 = 0  and  P1 1  as                 .
Can we have both P0 and P1 nonzero, and both 1 ??

!
<latexit sha1_base64="J8IpT51ZLFhuK6YPSXIoHtQhvgc=">AAAB83icbZC7SgNBFIbPeo3xFrW0GQyCVdi10UYM2lhGMBfILmF2MpsMmZ1dZs4qYQn4FDYWitj6HPZ2vo2TS6GJPwx8/Occzpk/TKUw6LrfztLyyuraemGjuLm1vbNb2ttvmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gwH1+N6855rIxJ1h8OUBzHtKREJRtFavq9Fr49U6+SBdEplt+JORBbBm0H58rN48QgAtU7py+8mLIu5QiapMW3PTTHIqUbBJB8V/czwlLIB7fG2RUVjboJ8cvOIHFunS6JE26eQTNzfEzmNjRnGoe2MKfbNfG1s/ldrZxidB7lQaYZcsemiKJMEEzIOgHSF5gzl0AJlWthbCetTTRnamIo2BG/+y4vQOK14lm+9cvUKpirAIRzBCXhwBlW4gRrUgUEKT/ACr07mPDtvzvu0dcmZzRzAHzkfP4sxk4E=</latexit><latexit sha1_base64="wcU8m83T//gK5iQ70w5b368Zx8c=">AAAB83icbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi25cVrAX6Awlk2ba0EwmJGeUMvQ13LhQ1K3P4d6N+Daml4W2/hD4+M85nJM/UoIb8Lxvp7C0vLK6Vlx3Nza3tndKu3sNk2aasjpNRapbETFMcMnqwEGwltKMJJFgzWhwNa4375g2PJW3MFQsTEhP8phTAtYKAs17fSBap/e4Uyp7FW8ivAj+DMoXH+65ev1ya53SZ9BNaZYwCVQQY9q+pyDMiQZOBRu5QWaYInRAeqxtUZKEmTCf3DzCR9bp4jjV9knAE/f3RE4SY4ZJZDsTAn0zXxub/9XaGcRnYc6lyoBJOl0UZwJDiscB4C7XjIIYWiBUc3srpn2iCQUbk2tD8Oe/vAiNk4pv+cYvVy/RVEV0gA7RMfLRKaqia1RDdUSRQg/oCT07mfPovDhv09aCM5vZR3/kvP8AfMCU9Q==</latexit><latexit sha1_base64="wcU8m83T//gK5iQ70w5b368Zx8c=">AAAB83icbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi25cVrAX6Awlk2ba0EwmJGeUMvQ13LhQ1K3P4d6N+Daml4W2/hD4+M85nJM/UoIb8Lxvp7C0vLK6Vlx3Nza3tndKu3sNk2aasjpNRapbETFMcMnqwEGwltKMJJFgzWhwNa4375g2PJW3MFQsTEhP8phTAtYKAs17fSBap/e4Uyp7FW8ivAj+DMoXH+65ev1ya53SZ9BNaZYwCVQQY9q+pyDMiQZOBRu5QWaYInRAeqxtUZKEmTCf3DzCR9bp4jjV9knAE/f3RE4SY4ZJZDsTAn0zXxub/9XaGcRnYc6lyoBJOl0UZwJDiscB4C7XjIIYWiBUc3srpn2iCQUbk2tD8Oe/vAiNk4pv+cYvVy/RVEV0gA7RMfLRKaqia1RDdUSRQg/oCT07mfPovDhv09aCM5vZR3/kvP8AfMCU9Q==</latexit><latexit sha1_base64="DcbfYhaRvbb5pZckRK/Gq3QlY14=">AAAB83icbZBNTwIxEIZn8QvxC/XopZGYeCK7XvRI9OIREwET2JBu6UJDt920sxqy4W948aAxXv0z3vw3FtiDgm/S5Mk7M5npG6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2lZnhvEW01Kbh4haLoXiLRQo+UNqOE0iyTvR+GZW7zxyY4VW9zhJeZjQoRKxYBSd1esZMRwhNUY/kX615tf9ucgqBAXUoFCzX/3qDTTLEq6QSWptN/BTDHNqUDDJp5VeZnlK2ZgOedehogm3YT6/eUrOnDMgsTbuKSRz9/dEThNrJ0nkOhOKI7tcm5n/1boZxldhLlSaIVdssSjOJEFNZgGQgTCcoZw4oMwIdythI2ooQxdTxYUQLH95FdoX9cDxXVBrXBdxlOEETuEcAriEBtxCE1rAIIVneIU3L/NevHfvY9Fa8oqZY/gj7/MHG/mRtA==</latexit>

N ! 1
<latexit sha1_base64="Ylvs2stuZv05mQ9FJeueFZwBZ5I=">AAAB/XicbZC7SgNBFIbPeo3xtl46m8EgWIVdG23EoI2VRDAXSEKYncwmQ2Znl5mzSgxBH8XGQhFbH8Hezrdxcik08YeBj/+cwznzB4kUBj3v25mbX1hcWs6sZFfX1jc23a3tsolTzXiJxTLW1YAaLoXiJRQoeTXRnEaB5JWgezGsV265NiJWN9hLeCOibSVCwShaq+nuXpG6Fu0OUq3jO1IXKsRe0815eW8kMgv+BHJnn9nTRwAoNt2veitmacQVMkmNqflego0+1SiY5INsPTU8oaxL27xmUdGIm0Z/dP2AHFinRcJY26eQjNzfE30aGdOLAtsZUeyY6drQ/K9WSzE8afSFSlLkio0XhakkGJNhFKQlNGcoexYo08LeSliHasrQBpa1IfjTX56F8lHet3zt5wrnMFYG9mAfDsGHYyjAJRShBAzu4Qle4NV5cJ6dN+d93DrnTGZ24I+cjx/QVZb2</latexit><latexit sha1_base64="R8SLYhoBitawiPBuZp0CtGXiTDc=">AAAB/XicbZDLSsNAFIYn9VbjLV52bgaL4KokbnQjFt24kgr2Ak0pk+mkHTqZhJkTJZbiqwjiQhG3PoJ7N+LbOL0stPWHgY//nMM58weJ4Bpc99vKzc0vLC7ll+2V1bX1DWdzq6rjVFFWobGIVT0gmgkuWQU4CFZPFCNRIFgt6J0P67UbpjSP5TVkCWtGpCN5yCkBY7WcnUvsK97pAlEqvsU+lyFkLafgFt2R8Cx4EyicftgnyeOXXW45n347pmnEJFBBtG54bgLNPlHAqWAD2081SwjtkQ5rGJQkYrrZH10/wPvGaeMwVuZJwCP390SfRFpnUWA6IwJdPV0bmv/VGimEx80+l0kKTNLxojAVGGI8jAK3uWIURGaAUMXNrZh2iSIUTGC2CcGb/vIsVA+LnuErr1A6Q2Pl0S7aQwfIQ0eohC5QGVUQRXfoAT2jF+veerJerbdxa86azGyjP7LefwDB5Jhq</latexit><latexit sha1_base64="R8SLYhoBitawiPBuZp0CtGXiTDc=">AAAB/XicbZDLSsNAFIYn9VbjLV52bgaL4KokbnQjFt24kgr2Ak0pk+mkHTqZhJkTJZbiqwjiQhG3PoJ7N+LbOL0stPWHgY//nMM58weJ4Bpc99vKzc0vLC7ll+2V1bX1DWdzq6rjVFFWobGIVT0gmgkuWQU4CFZPFCNRIFgt6J0P67UbpjSP5TVkCWtGpCN5yCkBY7WcnUvsK97pAlEqvsU+lyFkLafgFt2R8Cx4EyicftgnyeOXXW45n347pmnEJFBBtG54bgLNPlHAqWAD2081SwjtkQ5rGJQkYrrZH10/wPvGaeMwVuZJwCP390SfRFpnUWA6IwJdPV0bmv/VGimEx80+l0kKTNLxojAVGGI8jAK3uWIURGaAUMXNrZh2iSIUTGC2CcGb/vIsVA+LnuErr1A6Q2Pl0S7aQwfIQ0eohC5QGVUQRXfoAT2jF+veerJerbdxa86azGyjP7LefwDB5Jhq</latexit><latexit sha1_base64="ShUag1/nx0Wlps3T/+/BAxGzE/0=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMuNFl0Y0rqWBboTOUTJppQzPJkJxRxlJ8FTcuFHHre7jzbUzbWWjrD4GP/5zDOfmjVHADnvftlJaWV1bXyuuVjc2t7R13d69lVKYpa1IllL6LiGGCS9YEDoLdpZqRJBKsHQ0vJ/X2PdOGK3kLecrChPQljzklYK2ue3CNA837AyBaqwcccBlD3nWrXs2bCi+CX0AVFWp03a+gp2iWMAlUEGM6vpdCOCIaOBVsXAkyw1JCh6TPOhYlSZgJR9Prx/jYOj0cK22fBDx1f0+MSGJMnkS2MyEwMPO1iflfrZNBfB6OuEwzYJLOFsWZwKDwJArc45pRELkFQjW3t2I6IJpQsIFVbAj+/JcXoXVa8y3f+NX6RRFHGR2iI3SCfHSG6ugKNVATUfSIntErenOenBfn3fmYtZacYmYf/ZHz+QNhHZUp</latexit>

!
<latexit sha1_base64="J8IpT51ZLFhuK6YPSXIoHtQhvgc=">AAAB83icbZC7SgNBFIbPeo3xFrW0GQyCVdi10UYM2lhGMBfILmF2MpsMmZ1dZs4qYQn4FDYWitj6HPZ2vo2TS6GJPwx8/Occzpk/TKUw6LrfztLyyuraemGjuLm1vbNb2ttvmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gwH1+N6855rIxJ1h8OUBzHtKREJRtFavq9Fr49U6+SBdEplt+JORBbBm0H58rN48QgAtU7py+8mLIu5QiapMW3PTTHIqUbBJB8V/czwlLIB7fG2RUVjboJ8cvOIHFunS6JE26eQTNzfEzmNjRnGoe2MKfbNfG1s/ldrZxidB7lQaYZcsemiKJMEEzIOgHSF5gzl0AJlWthbCetTTRnamIo2BG/+y4vQOK14lm+9cvUKpirAIRzBCXhwBlW4gRrUgUEKT/ACr07mPDtvzvu0dcmZzRzAHzkfP4sxk4E=</latexit><latexit sha1_base64="wcU8m83T//gK5iQ70w5b368Zx8c=">AAAB83icbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi25cVrAX6Awlk2ba0EwmJGeUMvQ13LhQ1K3P4d6N+Daml4W2/hD4+M85nJM/UoIb8Lxvp7C0vLK6Vlx3Nza3tndKu3sNk2aasjpNRapbETFMcMnqwEGwltKMJJFgzWhwNa4375g2PJW3MFQsTEhP8phTAtYKAs17fSBap/e4Uyp7FW8ivAj+DMoXH+65ev1ya53SZ9BNaZYwCVQQY9q+pyDMiQZOBRu5QWaYInRAeqxtUZKEmTCf3DzCR9bp4jjV9knAE/f3RE4SY4ZJZDsTAn0zXxub/9XaGcRnYc6lyoBJOl0UZwJDiscB4C7XjIIYWiBUc3srpn2iCQUbk2tD8Oe/vAiNk4pv+cYvVy/RVEV0gA7RMfLRKaqia1RDdUSRQg/oCT07mfPovDhv09aCM5vZR3/kvP8AfMCU9Q==</latexit><latexit sha1_base64="wcU8m83T//gK5iQ70w5b368Zx8c=">AAAB83icbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi25cVrAX6Awlk2ba0EwmJGeUMvQ13LhQ1K3P4d6N+Daml4W2/hD4+M85nJM/UoIb8Lxvp7C0vLK6Vlx3Nza3tndKu3sNk2aasjpNRapbETFMcMnqwEGwltKMJJFgzWhwNa4375g2PJW3MFQsTEhP8phTAtYKAs17fSBap/e4Uyp7FW8ivAj+DMoXH+65ev1ya53SZ9BNaZYwCVQQY9q+pyDMiQZOBRu5QWaYInRAeqxtUZKEmTCf3DzCR9bp4jjV9knAE/f3RE4SY4ZJZDsTAn0zXxub/9XaGcRnYc6lyoBJOl0UZwJDiscB4C7XjIIYWiBUc3srpn2iCQUbk2tD8Oe/vAiNk4pv+cYvVy/RVEV0gA7RMfLRKaqia1RDdUSRQg/oCT07mfPovDhv09aCM5vZR3/kvP8AfMCU9Q==</latexit><latexit sha1_base64="DcbfYhaRvbb5pZckRK/Gq3QlY14=">AAAB83icbZBNTwIxEIZn8QvxC/XopZGYeCK7XvRI9OIREwET2JBu6UJDt920sxqy4W948aAxXv0z3vw3FtiDgm/S5Mk7M5npG6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2lZnhvEW01Kbh4haLoXiLRQo+UNqOE0iyTvR+GZW7zxyY4VW9zhJeZjQoRKxYBSd1esZMRwhNUY/kX615tf9ucgqBAXUoFCzX/3qDTTLEq6QSWptN/BTDHNqUDDJp5VeZnlK2ZgOedehogm3YT6/eUrOnDMgsTbuKSRz9/dEThNrJ0nkOhOKI7tcm5n/1boZxldhLlSaIVdssSjOJEFNZgGQgTCcoZw4oMwIdythI2ooQxdTxYUQLH95FdoX9cDxXVBrXBdxlOEETuEcAriEBtxCE1rAIIVneIU3L/NevHfvY9Fa8oqZY/gj7/MHG/mRtA==</latexit>
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Formulated notion of a general protocol 
with insertions of the computer.

Defined a precise mathematical notion of the feature that 
we learn the result r “without running the computer”.

Proved:
THEOREM
(i) It is possible to have both P0 and P1 nonzero, but

(ii) We always have                         (rather than 2!)

(iii) If either of P0 or P1 approach 1, then number N of insertions 
of the computer must have                 .

i.e. we then need to not run the computer unboundedly many times.

P0 + P1  1
<latexit sha1_base64="TIDcYnhX2bU3p2N3DQiMMTcHnWg=">AAAB+XicbZDLSgMxFIbPeK31Niq4cRMsgiCUiRtdFt24bMFeoB3GTJppQzOZMckUytA3ceNCEbe+iTs3PovpZaGtPwQ+/nMO5+QPU8G18bwvZ2V1bX1js7BV3N7Z3dt3Dw4bOskUZXWaiES1QqKZ4JLVDTeCtVLFSBwK1gwHt5N6c8iU5om8N6OU+THpSR5xSoy1AtetBh66QNUAo45gjwgHbskre1OhZcBzKFWOa98PAFAN3M9ON6FZzKShgmjdxl5q/Jwow6lg42In0ywldEB6rG1RkphpP59ePkZn1umiKFH2SYOm7u+JnMRaj+LQdsbE9PVibWL+V2tnJrr2cy7TzDBJZ4uiTCCToEkMqMsVo0aMLBCquL0V0T5RhBobVtGGgBe/vAyNyzK2XMOlyg3MVIATOIVzwHAFFbiDKtSBwhCe4AVendx5dt6c91nrijOfOYI/cj5+AOVnk2Y=</latexit><latexit sha1_base64="iz3KW3/COHWnX0uCS6BmjousTOQ=">AAAB+XicbZDLSgMxFIbPeK31Niq4cRMsgiCUiRtdlrpxOQV7gXYYMmmmDc1cTDKFMvRN3LhQRHDlK/gE7tz4LKaXhbb+EPj4zzmckz9IBVfacb6sldW19Y3NwlZxe2d3b98+OGyoJJOU1WkiEtkKiGKCx6yuuRaslUpGokCwZjC4mdSbQyYVT+I7PUqZF5FezENOiTaWb9uu76AL5PoYdQS7R9i3S07ZmQotA55DqXJc++Zv1Q/Xtz873YRmEYs1FUSpNnZS7eVEak4FGxc7mWIpoQPSY22DMYmY8vLp5WN0ZpwuChNpXqzR1P09kZNIqVEUmM6I6L5arE3M/2rtTIfXXs7jNNMsprNFYSaQTtAkBtTlklEtRgYIldzcimifSEK1CatoQsCLX16GxmUZG67hUqUKMxXgBE7hHDBcQQVuwYU6UBjCAzzBs5Vbj9aL9TprXbHmM0fwR9b7Dza3lSI=</latexit><latexit sha1_base64="iz3KW3/COHWnX0uCS6BmjousTOQ=">AAAB+XicbZDLSgMxFIbPeK31Niq4cRMsgiCUiRtdlrpxOQV7gXYYMmmmDc1cTDKFMvRN3LhQRHDlK/gE7tz4LKaXhbb+EPj4zzmckz9IBVfacb6sldW19Y3NwlZxe2d3b98+OGyoJJOU1WkiEtkKiGKCx6yuuRaslUpGokCwZjC4mdSbQyYVT+I7PUqZF5FezENOiTaWb9uu76AL5PoYdQS7R9i3S07ZmQotA55DqXJc++Zv1Q/Xtz873YRmEYs1FUSpNnZS7eVEak4FGxc7mWIpoQPSY22DMYmY8vLp5WN0ZpwuChNpXqzR1P09kZNIqVEUmM6I6L5arE3M/2rtTIfXXs7jNNMsprNFYSaQTtAkBtTlklEtRgYIldzcimifSEK1CatoQsCLX16GxmUZG67hUqUKMxXgBE7hHDBcQQVuwYU6UBjCAzzBs5Vbj9aL9TprXbHmM0fwR9b7Dza3lSI=</latexit><latexit sha1_base64="iRKHUjCW4sub5/GrGr5d5T2M74Q=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCIJSMG10W3biMYC/QhjCZnrRDJ5M4MymU0Ddx40IRt76JO9/GaZuFtv4w8PGfczhn/igTXBvP+3bW1jc2t7YrO9Xdvf2DQ/fouKXTXDFoslSkqhNRDYJLaBpuBHQyBTSJBLSj0d2s3h6D0jyVj2aSQZDQgeQxZ9RYK3RdP/TwJfZDgnsCnjAJ3ZpX9+bCq0BKqKFSfuh+9fopyxOQhgmqdZd4mQkKqgxnAqbVXq4ho2xEB9C1KGkCOijml0/xuXX6OE6VfdLguft7oqCJ1pMksp0JNUO9XJuZ/9W6uYlvgoLLLDcg2WJRnAtsUjyLAfe5AmbExAJlittbMRtSRZmxYVVtCGT5y6vQuqoTyw+k1rgt46igU3SGLhBB16iB7pGPmoihMXpGr+jNKZwX5935WLSuOeXMCfoj5/MHVs+RgQ==</latexit>

N ! 1
<latexit sha1_base64="Ylvs2stuZv05mQ9FJeueFZwBZ5I=">AAAB/XicbZC7SgNBFIbPeo3xtl46m8EgWIVdG23EoI2VRDAXSEKYncwmQ2Znl5mzSgxBH8XGQhFbH8Hezrdxcik08YeBj/+cwznzB4kUBj3v25mbX1hcWs6sZFfX1jc23a3tsolTzXiJxTLW1YAaLoXiJRQoeTXRnEaB5JWgezGsV265NiJWN9hLeCOibSVCwShaq+nuXpG6Fu0OUq3jO1IXKsRe0815eW8kMgv+BHJnn9nTRwAoNt2veitmacQVMkmNqflego0+1SiY5INsPTU8oaxL27xmUdGIm0Z/dP2AHFinRcJY26eQjNzfE30aGdOLAtsZUeyY6drQ/K9WSzE8afSFSlLkio0XhakkGJNhFKQlNGcoexYo08LeSliHasrQBpa1IfjTX56F8lHet3zt5wrnMFYG9mAfDsGHYyjAJRShBAzu4Qle4NV5cJ6dN+d93DrnTGZ24I+cjx/QVZb2</latexit><latexit sha1_base64="R8SLYhoBitawiPBuZp0CtGXiTDc=">AAAB/XicbZDLSsNAFIYn9VbjLV52bgaL4KokbnQjFt24kgr2Ak0pk+mkHTqZhJkTJZbiqwjiQhG3PoJ7N+LbOL0stPWHgY//nMM58weJ4Bpc99vKzc0vLC7ll+2V1bX1DWdzq6rjVFFWobGIVT0gmgkuWQU4CFZPFCNRIFgt6J0P67UbpjSP5TVkCWtGpCN5yCkBY7WcnUvsK97pAlEqvsU+lyFkLafgFt2R8Cx4EyicftgnyeOXXW45n347pmnEJFBBtG54bgLNPlHAqWAD2081SwjtkQ5rGJQkYrrZH10/wPvGaeMwVuZJwCP390SfRFpnUWA6IwJdPV0bmv/VGimEx80+l0kKTNLxojAVGGI8jAK3uWIURGaAUMXNrZh2iSIUTGC2CcGb/vIsVA+LnuErr1A6Q2Pl0S7aQwfIQ0eohC5QGVUQRXfoAT2jF+veerJerbdxa86azGyjP7LefwDB5Jhq</latexit><latexit sha1_base64="R8SLYhoBitawiPBuZp0CtGXiTDc=">AAAB/XicbZDLSsNAFIYn9VbjLV52bgaL4KokbnQjFt24kgr2Ak0pk+mkHTqZhJkTJZbiqwjiQhG3PoJ7N+LbOL0stPWHgY//nMM58weJ4Bpc99vKzc0vLC7ll+2V1bX1DWdzq6rjVFFWobGIVT0gmgkuWQU4CFZPFCNRIFgt6J0P67UbpjSP5TVkCWtGpCN5yCkBY7WcnUvsK97pAlEqvsU+lyFkLafgFt2R8Cx4EyicftgnyeOXXW45n347pmnEJFBBtG54bgLNPlHAqWAD2081SwjtkQ5rGJQkYrrZH10/wPvGaeMwVuZJwCP390SfRFpnUWA6IwJdPV0bmv/VGimEx80+l0kKTNLxojAVGGI8jAK3uWIURGaAUMXNrZh2iSIUTGC2CcGb/vIsVA+LnuErr1A6Q2Pl0S7aQwfIQ0eohC5QGVUQRXfoAT2jF+veerJerbdxa86azGyjP7LefwDB5Jhq</latexit><latexit sha1_base64="ShUag1/nx0Wlps3T/+/BAxGzE/0=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMuNFl0Y0rqWBboTOUTJppQzPJkJxRxlJ8FTcuFHHre7jzbUzbWWjrD4GP/5zDOfmjVHADnvftlJaWV1bXyuuVjc2t7R13d69lVKYpa1IllL6LiGGCS9YEDoLdpZqRJBKsHQ0vJ/X2PdOGK3kLecrChPQljzklYK2ue3CNA837AyBaqwcccBlD3nWrXs2bCi+CX0AVFWp03a+gp2iWMAlUEGM6vpdCOCIaOBVsXAkyw1JCh6TPOhYlSZgJR9Prx/jYOj0cK22fBDx1f0+MSGJMnkS2MyEwMPO1iflfrZNBfB6OuEwzYJLOFsWZwKDwJArc45pRELkFQjW3t2I6IJpQsIFVbAj+/JcXoXVa8y3f+NX6RRFHGR2iI3SCfHSG6ugKNVATUfSIntErenOenBfn3fmYtZacYmYf/ZHz+QNhHZUp</latexit>


