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fundamental quantum communication protocols
In this talk, we assume all communication and entanglement is
noiseless.
That is, we consider noiseless protocols only.
More specifically, we will consider
I
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entanglement generation
classical coding
super-dense coding
quantum teleportation (seen in class)
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Entanglement: Quantified by an entangled bit, or ebit,
defined as
Φ+
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AB

Represented as [qq]

1
:= √ (|00iAB + |11iAB )
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Therefore, the quantum channel is the strongest channel.
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Creating an entangled bit She uses the noiseless qubit
channel to send the qubit A’ to Bob, thereby creating the
state √12 (|00iAB + |11iAB ).
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Note: We have only called it an ebit after the transfer takes
place. Before that, we have just a Bell state, which is not
non-local.
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Bob measures it to find which qubit was sent.

Optimality
Can we send more than one classical bit with one use of the
quantum channel?

Teleportation
Quick Recap
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What is the resource inequality?
The resource inequality can be seen to be
[qq] + 2 [c → c] ≥ [q → q]
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2. Alice applies one of {I , X , Z , XZ } to her share.
3. She transmits her share to Bob using a quantum channel
4. Bob measures in Bell basis, and recovers which unitary Alice
applied.
5. Therefore, they can transmit two classical bits using a
quantum bit.

Resource Inequality
[qq] + [q → q] ≥ 2 [c → c]
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Proof.
Let’s assume we can have such a protocol. We can combine it with
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of quantum communication, which is impossible.
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Proof.
Suppose we have such a protocol and infinite entanglement
available.
Then we can have the resource inequality
[q → q] + ∞ [qq] ≥ 2C [c → c] + ∞ [qq] because the protocol
uses a finite amount of entanglement.
We can chain it with teleportation to obtain
2C [c → c] + ∞ [qq] ≥ C [q → q] + ∞ [qq]. Therefore, we have a
protocol that can be described by
[q → q] + ∞ [qq] ≥ C [q → q] + ∞ [qq].
We can repeat this to obtain
[q → q] + ∞ [qq] ≥ C k [q → q] + ∞ [qq], which is impossible.
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This can be shown by noting that

 


C
−2 2
0
α
 Q  =  1 −1 −1   β 
E
−1 −1 1
γ
gives all achievable triples along with the fact that the α, β, γ
cannot be negative.
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Unit Resource Capacity region CU
This is the set of all points in the C , Q, E space that satisfy the
following resource inequality:
0 ≥ C [c → c] + Q [q → q] + E [qq]
That is, CU consists of all points that have corresponding protocols
that can implement them.

Theorem
The above two regions are equal, that is, we can show that
fU = CU
C
We skip the proof of this theorem. The direct coding theorem
fU ⊆ CU follows immediately from the
which shows that C
definitions. The converse coding theorem is non-trivial to prove.
Optimality of the protocols follows from the theorem proved.
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We have shown that the teleportation, super-dense coding
and entanglement generation protocols are optimal.
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We have seen a Shannon-like proof of the ’universality’ of the
three protocols.

