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Abstract: A central question in our understanding of the physical world is how our knowledge of the whole relates to our knowledge of the
individual parts. One aspect of this question is the following: to what extent does ignorance about a whole preclude knowledge of at least one of its
parts? Relying purely on classical intuition, one would certainly be inclined to conjecture that a strong ignorance of the whole cannot come without
significant ignorance of at least one of its parts. Indeed, we show that this reasoning holds in any non-contextual hidden variable model (NC-HV).
Curiously, however, such a conjecture is false in quantum theory: we provide an explicit example where a large ignorance about the whole can
coexist with an almost perfect knowledge of each of its parts. More specificaly, we provide a simple information-theoretic inequality satisfied in
any NC-HV, but which can be arbitrarily violated by quantum mechanics. Our inequality has interesting implications for quantum cryptography.
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“Knowledge” vs. “ignorance”:
The role of the pointer C
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“Knowledge” vs. “ignorance”:
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ﬁg Decoding measurement

Let’s suppose we want to extract just one entry using the same measuremet.

Measuring in the Z or X eigenbasis
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‘g The pointer C

Goal: For any consistent £2Y,Y; EC we have that forany ¢ that H (Y. EC = ¢)
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g The pointer C

Goal: For any consistent 2Y,Y; EC we have that forany ¢ that H (Y. EC = ¢)
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g The pointer C
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4. Violation in quantum mechanics
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To summarize

Classically \ Quantumly

3 consistent py, vy, o ~ There exists an example where
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g Open questions

* Role of “complementarity”:
Typically stated that “we may learn invididual
properties (YO or Y1), but not all (YOY1) at once”: not so

surprising for random access codes..

, " 1
PEHEES(}{]‘E_} = Pguess(yl‘E) = E S 2\/3
Vs.

. 3 1
Pgue:ss(}'0|£') = Pguess(}-ﬂE) = Py 5 -
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g Open questions

* Maximal violation in a fixed dimension?

A =min H(YoY1|E) — Hoo(Yc|EC)

A= logd Optimal?
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tg Open questions

* More general theories?

* General non-contextual models?
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‘g Open questions

* Maximal violation in a fixed dimension?

A = min H(YY;|E) — Hoo(Yc| EC)

A = logd Optimal?
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g Open questions

* Experimentally verifiable?

Tricky: would need to show that for any C guessing
probability is low., but just exhibiting a d-dimensional
random access encoding may be too weak.

Advantage: robust
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‘g Open questions

* Experimentally verifiable?

Tricky: would need to show that for any C guessing
probability is low., but just exhibiting a d-dimensional
random access encoding may be too weak.

Advantage: robust

Thank you!
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To summarize
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g The pointer C

Goal: For any consistent £2Y,Y; EC we have that forany ¢ that H (Y. EC = ¢)
is small
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g Steps

Construct a specific encoding

N/

Show ignorance about the whole

Intermediate step: A random access encoding

\/

Pointer C
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g Decoding measurement

Let’s suppose we want to extract just one entry using the same measuremet.

Measuring in the Z or X eigenbasis

— —
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Hence also for any aother distribution over the strings
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g Decoding the parts

Intermediate step: Compute H(Yo|E) and H (Y1 |E)

and their optimal measurements

Y10) = X|9) Yoo) = |9)

Y1) = XZ|9)
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