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1 Introduction
Inner product compuation

Quantum inner product compuation

2 Quantum Circuit Design 

Applications: vector 
inner product, linear 
mapping, matrix 
multiplication, etc.

c) Hybrid quantum-classical computing

Contributions of the paper:
• Circuit Design of QIP on Quantum Computers.
• Efficient Simulation of QIP on Classic Computers.
• Evaluating QIP in ML on Classic Computers.

3 Fast Simulation

(For details please refer to the paper) Theorem 2 for 1-to-N QIP 
Circuit (for linear mapping) and Theorem 3 for M-to-N QIP 
Circuit (for matrix multiplication.

Space omplexity of our simulation scheme: 

Time complexity of the QIP circuit:
Time complexity of classical computation:

Space omplexity by circuit simulator (e.g. qiskit): 

Idea: directly simulate the output quantum states by the 
circuits, but not the compuatational process of the circuits 

4 Selected Experiments

Conclusion: The calculation error brought by typical quantum 
mechanisms would incur in general little influence on the final 
numerical results given sufficient qubits. However, certain tasks e.g. 
ranking in K-Means could be more sensitive to quantum noise.

Experiment 1: ProjUNN with QIP, on MNIST

Experiment 2: Accuracy and efficiency comparison of the circuit 
simulator implemented in qiskit and our state simulator

Notes: Other experiments, 
including K-Means, 
node2vec, results on real 
quantum machine, etc., 
please refer to the paper

Quantum machine computes inner products by measuring the 
output quantum states of a designed quantum circuits

Classical machines upload vectors to the quantum machine, 
which computes inner products and return results to classical 
machines.


