
The encoding
1. Alice breaks her classical software down to 2-input 1-output logic gates
2. Each of those gates can be encoded using three single bit gates plus a 

fixed classical circuit 
3. The single bit gates are encoded as quantum states and sent to Bob
4. Bob measures the gates in one of two bases depending on his input 
5. The output of the measurement corresponds to the output of the gate
6. They repeat this until the whole program is implemented

Success probability
• Single bit gates: 85.36%
• 2-input 1-output gates: 75%
• Experiment in good agreement with theoretical predictions
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The Experiment
• Qubits: Polarisation of single photons
• Source: Heralded single photon source & fast switch to control photon 

transmission
• State preparation: the gate states are set by LCRs and a fixed QWP
• Measurement basis: Bob uses LCRs to set his measurement basis

Dealing with losses
Photon losses could compromise the security of the scheme, so we 
developed a subroutine that makes the protocol loss tolerant:
For the each gate Alice produced a random bit c  and if 

c=0 she sends the original quantum state 
c=1 she sends the orthogonal state 

Only after Bob announces which states he received Alice reveals c

One-time digital signatures
• Alice grants Bob one-time power of attorney
• OTPs are used to create the signature (later be verified by Alice)
• Compensation for probabilistic nature: Alice sends many individual 

encryptions to create one signature - if the expected percentage of 
signature outcomes is correct she accepts

• By increasing the number 
of copies the success 
probability can get the 
overall success probability  
arbitrarily close to one
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What is a one-time program (OTP)?
• A function that can be executed once and only one
• One copy allows the user to learn f(x) for one x of his choice
• The user learns nothing about f(x’) for x’≠x

Previous work 
• Classical one-time programs are only possible using one-time hardware 
• Perfect, information theoretically secure, quantum one-time programs are 

impossible

Our scheme 
• Probabilistic: Allowing for error in the outcome circumvents no-go results
• Hybrid: We use quantum states to encode classical software
• Practical: We only use single-qubit states
• Secure: Our protocol is information theoretically secure
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