
Introduction to Quantum Computing 

Lecture 6: Quantum Circuit Model
Raul Garcia-Patron Sanchez



Postulate I: Quantum states



Postulate II: Quantum operations



Basis: General case



Measurement in an orthonormal basis 



Composition of quantum systems



Circuit Model 



Classical Circuit Model



Classical Circuit Model

All Boolean functions can be generated with NAND gates.



Quantum Circuit Model



Quantum Circuit Model



1-qubit gates



Entangling operations



Outer product (Dirac notation)



Entangling operations



Gates: 2-qubit



Universal sets of gates – Clifford + T gates



Universal sets of gates – CNOT and General Phase gates + Hadamard 



Hardness of General U



Quantum Algorithms
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Generality of the model



Principle of deferred measurement

An intermediate measurement, even if its classical outcome 
controls further operations, can always be postponed to the 
end of the circuit.



DiVincenzo criteria for Quantum Computation



References

Further references

1. Quantum circuit model NC 4.2, 4.4, 4.6
2. Universal quantum gates NC 4.5; David Deutsch, Adriano Barenco, and Artur Ekert, Universality in quantum computation,
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3. Principle of deferred measurement NC page 186 + Exercise 4.35
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pages 657–677 (1997), arXiv:cond-mat/9612126. 

NC ≣ Michael Nielsen and Isaac Chuang, Quantum Computation and Quantum Information
Cambridge University Press (2010)

This lecture is supposed to be self-contained and there is no associated reading to it. 
Nonetheless, we provide references for those wanting to explore the topic further.
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