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Shannon Shannon –– 19481948
IDEA: remove redundancy IDEA: remove redundancy –– make coded message make coded message 

as short as possibleas short as possible

Message of letters:     Message of letters:     the quick brown…

Classical noiseless codingClassical noiseless coding

Shannon Entropy:Shannon Entropy:

àà Av. information (bits) carried by each letterAv. information (bits) carried by each letter
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Source probabilities:Source probabilities: P(a), P(b), P(c), …, P(z)
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Shannon’s noiseless coding Shannon’s noiseless coding ththmm::
Encode message of Encode message of K letters with letters with 

K×H bits asas K→8

Equally likelyEqually likely letters: letters: still his heart dared…

P(a)=P(e)=P(i)= …=P(t)
HereHere

H=log2N
where where N is the size of the alphabetis the size of the alphabet
e.g. if  e.g. if  N=256,  ,  H=8 bits ((no better than no better than ASCIIASCII))
àà No compression possibleNo compression possible

Code common letters Code common letters àà shortest code symbolsshortest code symbols
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Message of quantum states, e.g.Message of quantum states, e.g.

If If orthogonalorthogonal letters letters –– analysis is analysis is classicalclassical

Long haul communication Long haul communication –– weak coherent states weak coherent states 
–– no longer orthogonalno longer orthogonal

e.g.e.g.

Quantum noiseless codingQuantum noiseless coding

)()3()2()1( KLLLL K⊗⊗⊗

1 0 

Schumacher Schumacher -- 19951995 Phys. Rev. A 51, 2738 (1995)
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Schumacher’s quantum noiseless coding Schumacher’s quantum noiseless coding ththmm

Code blocks of Code blocks of K letters:letters:
qubits are sufficient to encode eachqubits are sufficient to encode each

block asblock as

Von Neumann entropyVon Neumann entropy

...ˆ +++= cccbbbaaa LLPLLPLLPρ

)ˆlogˆ(tr)ˆ( 2 ρρρ =S

Probability of each letter:    Probability of each letter:    Pa, Pb, Pc,…

)ˆ(ρKS
∞→K

Average state of a letter:Average state of a letter:
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Method:Method: (1)(1) project onto project onto most likelymost likely subspacesubspace
(2) (2) code message with reduced qubitscode message with reduced qubits

 coding decoding … 

… 
0  
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& reduced qubits& reduced qubits

Fidelity:  Fidelity:  
2

block decodedblock original of av.

most likelymost likely subspacesubspace
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Special case:Special case: equalequal--likely letter states   likely letter states   P+= P–

–– notnot compressible classicallycompressible classically
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2 state alphabet:2 state alphabet:

Less than 1 qubit to code each letter!Less than 1 qubit to code each letter!

9.0for    469.0)ˆ( 2 == αρS 1/2 qubit ! 1/2 qubit ! 

for |for |αα||??||ββ||

JozsaJozsa--Schumacher Schumacher -- 19941994
J. Mod. Opt. 41, 2343 (1994)
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nonlinearnonlinear
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3 qubit example3 qubit example

small weightsmall weight
(1) (1) project onto most project onto most 
likelylikely subspace subspace 

100,010,001,000 

321 LLL ⊗⊗

(2) (2) Encode as Encode as 11,10,01,00

JozsaJozsa--Schumacher Schumacher -- 19941994
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Linear optic circuit Linear optic circuit 
-- 3 path qubits3 path qubits
-- 8 paths 8 paths  
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α 

single photon 
 

reflection coefficient  α2 
 transmission coefficient  β2 
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optional delay  
for sign of β 
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Linear optic circuit Linear optic circuit 
-- 3 path qubits3 path qubits
-- 8 paths 8 paths 
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Linear optic circuit Linear optic circuit 
-- 3 path qubits3 path qubits
-- 8 paths 8 paths 
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Fidelity = 0.97Fidelity = 0.97 0.67 qubits/letter0.67 qubits/letter

3 qubits            2 qubits       3 qubits3 qubits            2 qubits       3 qubits
(2)(2)(1)(1)



U H 13

 

β  

β 

β 

encoding decoding 

β 

α 

000 

001 

010 

011 

100 

101 

110 

111 

α 

α 

α 

α 

α 
β 

β  

α 
β 

00 

01 

10 

11 

000 

001 

010 

011 

100 

101 

110 

111 

single photon 
 

extra photon 
 

P 

P 

P 

P 

 

β  

β 

β 

encoding decoding 

β 

α 

000 

001 

010 

011 

100 

101 

110 

111 

α 

α 

α 

α 

α 
β 

β  

α 
β 

00 

01 

10 

11 

000 

001 

010 

011 

100 

101 

110 

111 

single photon 
 

extra photon 
 

β 

β 

β 

β 

α 

α 

α 

α 

α 

α 
β 

β 

α 
β 

fidelity 

F=0 

F=1 

P 

P 

P 

P F 

F 

F 

F 

F 

F

F 

F

Fidelity measurementFidelity measurement



U H 14

Fidelity measurementFidelity measurement

 

β 

β 

β 

encoding 
/decoding 

β 

α 

000 

001 

010 

011 

100 

101 

110 

111 

α 

α 

α 

α 

α 
β  

β 

α 
β 

00 

01 

10 

11 

single photon 
 

extra photon 
 

fidelity 

F=0 

F=1 

P 

P 

P 

P F 

F 

F 

F 

F 

F 

F 

F 



U H 15

Polarization Polarization 
qubitqubit
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Linear optic circuit Linear optic circuit 
-- 2 path qubits, 1 polarization qubit2 path qubits, 1 polarization qubit
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Experimental ImplementationExperimental Implementation
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Results
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ConclusionConclusion

First First proofproof--ofof--principleprinciple demonstration:demonstration:
3 qubits 3 qubits àà 2 qubits 2 qubits àà 3 qubits3 qubits

QuWinZipQuWinZip
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