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Quantum Gates
o]

e Quantum Circuits (QC) are composed of
guantum gates

e Quantum computation results in exponential
amount of calculation in a polynomial amount
of space and time

e This leads to Quantum Parallelism

e How to implement QCs (finite precision,
observation etc).
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Qubit
oo

e Qubit is the elementary unit of storage

e Qubit has three states: zero, one, and
superposition of zero and one

e Superposition is expressed as amplitude of
complex probability

e 2"N superposition states for N Qubits
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Quantum Gates
o]

e Quantum gates can be represented as matrix
transformations.

e Multiplication of 2*N vector by 2*N x 2*N
matrix.

e One bit unitary operations:
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Quantum Gates (cont)
-

e Many quantum operations can be implemented
as register content transfer

e Controlled NOT (XOR) gate:
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Matrix Operations
-

e Quantum operations consist of:
1. Complex number multiplication
2. Kronecker product

3. Register content transfer

4.  Matrix splitting
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Matrix Operations (cont)
-

e Each elementary gate is a 2x2 or 4x4 matrix.

e Operation on a large vector space is broken
Into smaller chunks:
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Example 1
-
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Example 2
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Proposed design flow
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Design Flow (cont)
-

My goal:
Implement quantum gate primitives in Verilog

Implement other necessary matrix operations
(Kronicker product, complex multiplication
etc.)

Make a utility program to translate the
Quantum circuit net-list to the library gate
Instantiation.
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Design considerations
-

e Data representation

sign | 15-bit fraction
e Unsigned multiplication and sign logic

e 1,0.99998, ..., 0.0000305, 0

e Virtex Il architecture: up to 8M gates, 1.5 Mb
SRAM, 18 x 18-bit multipliers, CLA adders
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Conclusion
g

e Limitation: Simulation of quantum circulits is
memory/resource exhaustive

e Similarity to unitary transforms used for Signal
Processing
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