
 
 
 
 
 
 
The commitment phase ends after step 4).  
Open Phase:  
5) Bob sends c and Y to Alice  

6) Alice sets 𝐼 = 𝑖 𝜃𝐴
𝑖 = 𝑐}, forms corresponding strings XI, 𝑌𝐼 , 

and checks that 𝒀𝑰  is compatible with the channel C used by 
Alice and Bob, i.e., 𝑌𝐼 ∈ 𝐵𝜖(𝑋𝐼),  

𝐵𝜖(𝑋𝐼)= 𝜖-typical subset of 𝐶 𝑋𝐼   

7) If the condition is not satisfied Alice outputs reject  

Security for honest Bob: trivial 
Security of honest Alice: depends on how many 𝑋𝐼 
exists that are compatible with a guess 𝑌𝐼 of Bob:  

𝐵𝜖
−1 YI = {XI ∶ YI ∈ 𝐵𝜖 𝑋𝐼 } 

Log|𝐵𝜖
−1 𝒀𝑰 | ≈ 𝑯(𝒀 𝝉𝜹|𝑿𝜹)  

𝑌𝛿 , 𝑋𝛿′= r. V. of a single run with c. g.  
measurements 𝛿, 𝛿′ 

 
 
 

Channel Model: Loss Channel with transmissivity 
𝜏 and additive Gaussian noise with variance 𝑉𝑁 
 
Strong Converse recently shown under maximal 
photon constraint [5,6] (𝜉 = 1, i.e., requirement 
for security similar for ROT and BC) 
 
ROT under Gaussian assumption (similar for IID):  
Plot of equality in ROT condtion, i.e., left side 
specifies qm memory that allow security 

Security Condition: Bob has to have sufficient uncertainty about Alice’s outcome that he cannot guess both 
strings after hashing (OT) or not guess an appropriate string such that Alice accepts (BC): 𝐻𝑚𝑖𝑛

𝜖 𝑍 𝐵𝑜𝑏 ≥ ?  
 
 
 
 
 
 
 
 

Assume: Bob has noise quantum memory 𝓕⊗𝝂𝒏 that satisfy a strong converse: the success probability to 
send classical info satisfies 

                                𝑃ℱ 𝑛 ≤ 2−𝑛𝜉 𝑅−𝐶𝑐𝑙 ℱ     (𝐶𝑐𝑙 ℱ  : classical capacity) 
 

Tool 1 [1]: Reduction to classical side info and classical capacity:   𝐻𝑚𝑖𝑛
𝜖 𝑍 ℱ 𝑄𝑖𝑛 𝐾𝜃𝐴 ≥ 𝒫 

ℱ(𝐻𝑚𝑖𝑛
𝜖 𝑍 𝐾𝜃𝐴 )  

Tool 2: Uncertainty Relations:  
1

n
𝐻𝑚𝑖𝑛
𝜖 𝑍 𝐾𝜃𝐴 ≥ 𝜆 -> can be reduced to 𝐻𝛼  𝑍 𝜃𝐴 ≥ 𝜆𝛼  (𝛼 > 1, 𝑛 = 1)  

 
Then, a sufficient requirement for security for Alice is :  

 

 
Source: CV entangled EPR state (two mode squeezed 
state) and mode sent through channel with loss 1-τ:  

𝑉𝕀 𝐶ℤ
𝐶ℤ 𝑉𝐵𝕀

 

 𝐶2 = 𝜏 𝑉2 − 1 , 𝑉𝐵 = 𝜏𝑉 + (1 − 𝜏), V≥1 
 
Measurements: Homodyne detection of the 
quadrature of the em-field:  X=a+a†, P=i(a†-a), 
[X,P]=2i. Coarse-grained (c.g.) X and P with : 

 𝑋𝛿
𝑘 =  𝐸𝑋 𝑥 𝑑𝑥

𝛿(𝑘+1/2)

𝛿(𝑘−1/2)
      and  𝑃𝛿

𝑘 =  𝐸𝑃 𝑥 𝑑𝑥
𝛿(𝑘+1/2)

𝛿(𝑘−1/2)
  

Quantum Part of the Protocols (e.g., [1,2]): 

 

 

 

 

1) Alice distributes n CV EPR Pairs   
2) Alice measures c.g. X and P uniformly at random 

𝜃𝐴 ∈𝑅 0,1 𝑛 ( 0 → X and 1 → P) obtaining 
outcomes Z  

3) Bob measures c.g. X and P according to 𝜃𝐵, where  
 𝜃𝐵 ∈𝑅 0,1 𝑛 for ROT  
 𝜃𝐴 = 𝑐𝑛  , c ∈𝑅 {0,1} for BC 

     obtaining outcomes  Y 
4)  They wait time Δt 
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7 Analysis for Bosonic 
Channels  

 

 We show security for Continuous Variable (CV) Protocols for  
Oblivious transfer (OT) and Bit commitment under a quantum 
limited adversary  

 Security is determined by a trade-off between the classical 
capacity of the memory channel (assumed to satisfy a strong-
converse), the uncertainty generated by CV measurements 
and the error correction needed for reconciliation 

  Main technical ingredient: analysis of uncertainty relation  of 
sums of Renyi-entropies of same order  

 Analysis of trade-off for a class of memory channels 

 
  

1 Summary 

Observation: If Bob has a quantum 
memory that can store the modes for 
time Δt, he can cheat perfectly!  
 ROT: he can wait until he receives 𝜃𝐴 
 BC: he can measure after the end of C 

phase -> protocol is not binding  

3 Quantum Part of Protocols 

5 Security for Alice in the Noisy Storage Model 
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1) Randomized Oblivious Transfer (ROT): 

Alice: no input and as output two strings 𝑠0, 𝑠1 ∈ 0,1 ℓ 

Bob: input 𝑡 ∈ 0,1  and output 𝑠 ∈ 0,1 ℓ 

Conditions (using composable versions thereof ):  
 Both honest: strings random and 𝑠 = 𝑠𝑡  
 Alice honest: Bob can only know one string  
 Bob honest: Alice does not know t  

2) Bit Commitment (BC):  

Commitment Phase (C): Bob commits to a bit c  

Open Phase (O): The bit c is revealed to Alice  

Conditions (using composable versions thereof):  
 Alice honest: Bob cannot change his commitment  
 Bob honest: Alice does not learn anything about c during 

commitment.  

 
 

2 The Protocols 

…
 

CV EPR Pairs  𝜃𝐴 𝜃𝐵  

𝑍 𝑌 

 
 

 

 

 

 

 

5) Alice sends 𝜃𝐴 and Bob defines 𝐼𝑡 = 𝑖 𝜃𝐴
𝑖 = 𝜃𝐵

𝑖 } and its 
compliment 𝐼𝑡+1 and sends 𝐼0, 𝐼1 to Alice  

6) Alice forms 𝑍𝑘  (k=0,1) by colleting the outcomes of 𝐼𝑘. She then 
computes error correction (EC) syndromes 𝑾𝟎,𝑾𝟏 for 𝑍0, 𝑍_1, 
respectively, and sends it to Bob who corrects 𝑌𝑡 using 𝑊𝑡, to obtain 
𝑋𝑡
′ = 𝑋𝑡 (w.h.p.) 

7) Alice choses a random two-univ. hash functions 𝑓𝑘, sends it to Bob 
and outputs 𝑠𝑘 = 𝑓𝑘 𝑍𝑘  

8) Bob outputs 𝑠 = 𝑓 𝑋′𝑡  

Security for honest Bob: Only information 𝐼0, 𝐼1 he sends 
to Alice is independent on t.  

Security of honest Alice: depends on EC rate  

𝒓𝑬𝑪 = 𝟏/𝒏 𝒍𝒐𝒈|𝑾𝟎𝑾𝟏|𝒗 ≈ 𝑯(𝑿𝜹|𝒀𝜹) 

4.1 Classical Part of ROT  4.2 Classial Part of BC 

𝑍, 𝜃𝐴 𝑌, 𝜃𝐵 , 𝑡 𝜽𝑨 

𝑾𝒌 = 𝑺𝒚𝒏(𝑿𝒌) 

𝑰𝟎, 𝑰𝟏 𝐼0, 𝐼1 

𝑋0, 𝑋1 

𝑋𝑡
′ 𝒇𝒌  𝑓𝑘 

𝑠0, 𝑠1 

𝑓𝑘 

𝑠  

𝑍, 𝜃𝐴 𝑌, 𝑐 
𝒀, 𝒄 

𝐼 
Check: 
𝒀𝑰 ∈ 𝑩𝝐(𝑿𝑰)  

Open Phase: 

…
 

CV EPR Pairs  
𝜃𝐴 

𝑍 

D 
  𝑄𝑖𝑛 ℱ⊗𝜈𝑛   𝑄𝑜𝑢𝑡 

K 
𝜃𝐴 

ROT Protocol  

𝑟𝑂𝑇 = 1/2 𝜆 − rEC − 𝜈𝐶𝑐𝑙 ℱ > 0 

BC Protocol  

1/2(𝜉𝜆 − log|𝐵𝜖
−1 YI |) − 𝜈𝐶𝑐𝑙 ℱ >0 

 
Uncertainty Relations for Renyi-Entropy of same 
order:  

2(1−𝛼)𝐻𝛼  𝑍 𝜃𝐴 = 1/2(2(1−𝛼)𝐻𝛼(𝑋) + 2(1−𝛼)𝐻𝛼(𝑃)) =
1/2( 𝑃𝑋 𝛼

𝛼 + 𝑃𝑃 𝛼
𝛼 )  

 Continuous X and P Measurements: no trade-off!  
 Coarse Grained X and P measurements:  

Cannot be perfectly localized in X and P [3]:   

 𝛼 =  𝑃𝑋 𝑥 𝑑𝑥
𝑎

0
  and 𝛽 =  𝑃𝑃 𝑥 𝑑𝑥

𝑏

0
 

-> 𝛼 ≤ 𝛽 𝑐 𝑎, 𝑏 + 1 − 𝛽2 1 − 𝑐 𝑎, 𝑏   (𝑐 𝑎, 𝑏 = 𝑋𝑎
0𝑃𝑏

0  ) 

 
Using majorization technique [4], we obtain an UR  

𝐻𝛼  𝑍 𝜃𝐴 ≥ 𝜆𝛼
𝑀𝑎𝑗

 

Problem: not tight (see plot!)  

6.1 Uncertainty Relations 

UR’s under additional assumptions: 
 Encoding of Bob and memory channel are 

convex combinations of Gaussian Channels: 

𝐻𝛼  𝑍 𝜃𝐴 ≥ 𝜆𝛼
𝐺𝑎𝑢𝑠𝑠     

𝜆𝛼
𝐺𝑎𝑢𝑠𝑠 =

1

1−𝛼
log

1

2
(1 +

𝛿𝑄𝛿𝑃
𝛼−1

𝜋ℏ
) 

(Obtained by optimization over Gaussian States) 

  IID encoding over Blocks 𝑚 ≪ 𝑛1/5 :  

𝐻𝜖
min

 𝑍 𝜃𝐴 ≥ 𝜆𝐼𝐼𝐷 

𝜆𝛼
𝐼𝐼𝐷 =

1

2
log

𝜋𝑒ℏ

𝛿𝑄𝛿𝑃
− 𝒪(𝑚2 𝑚/𝑛) 

(Obtained by the asymptotic equipartition property of the smooth 
min-entropy) 

 Both cases, for 𝑛 → ∞ :  𝐻𝜖
min

 𝑍 𝜃𝐴 ≥
1

2
log

𝜋𝑒ℏ

𝛿𝑄𝛿𝑃

 

6.2 Uncertainty Relations 

Transmissivity of Memory Channel 𝜏 

A
d

d
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Parameters:  
-n=108 
- 𝜖 = 10−9 
- Squeezing r=1.24 (V=6) 
-Transmission losses 0.04 
-Maximal Photon constraint on 
memroy = 25 

𝝂 = 𝟏 

𝝂 = 𝟏/𝟓 

𝝂 = 𝟏/8 

Squeezing -> ∞ 
Photon constr -> 35 

Trans. Losses-> 0.1 

Red: Majorization Bound 
Blue: Gauss 
Green dashed: IID (m=10) 
Yellow: EC rate 
Black dashed: log|𝐵𝜖

−1 YI | 
     

Parameters:  
-n=108 
- 𝜖 = 10−9 
- EPR state with  
Squeezing r=1.24 (V=6) 
-Transmission losses 0.05 

Coarse Graining 𝛿 


