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RUTGERS Quantum Computing

+ 1994 - Peter Shor came up
with a quantum algorithm to
factor very large numbers in
polynomial time.

« 1997 - Lov Grover develops a
quantum search algorithm
with O(VN) complexity

- 2022 - IBM announces a 433
Qbit quantum machine
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« "I think I can safely say that nobody understands
quantum mechanics” - Richard Feynman

« 1982 - Feynman proposed the idea of creating
machines based on the laws of quantum mechanics
instead of the laws of classical physics.
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RUTGERS Mathematical Foundations

QUANTUM

Slides are based on presentation by Andrew Helwer book COMPUTING

for COMPUTER

Quantum Computing for Computer Scientists by N.S.Yanofsky and st
M.A. Mannucci, Cambridge University Press, 37 edition, 2018 =

Representing classical bits as vectors

One bit with the value 0, also written as Dirac Notation

(o) 0)

One bit with the value 1, also written as

;) 1)
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KUTGERS Mathematical Foundations

Matrix Multiplication
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KUTGERS Mathematical Foundations

Operations on a classical bit (cbit)
Identity flx) =%

Negation f(x) = —x (1) “ % (1)

Constant-1 f(x) =1

0 = 0
Constant-0 : =)
f(x) e
0
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KUTGERS Mathematical Foundations

Tensor product of vectors
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KUTGERS Mathematical Foundations

Representing multiple cbits (classical bits)

COOROO O O

« We cdll this tensored representation the product state
« We can factor the product state back into the individual state representation
« The product state of n bits is a vector of size 2"
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KUTGERS Mathematical Foundations

Operations on multiple cbits: CNOT (controlled NOT)

Operates on pairs of bits, one of which is the control bit, and the other
the target bit

If the control bit is 1, then the target bit is flipped

If the control bit is O, then the target bit is unchanged

The control bit is always unchanged

Assume most-significant bit is control and least-significant bit is target,
then:

1 0 0 O
0 1 0 0

0 0 0 1
0O 0 1 0,

CNOT gate is not universal, but it is a fundamental building block
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KUTGERS Mathematical Foundations

Operations on multiple cbits: CNOT (controlled NOT)




RUTGERS ~ Mathematical Foundations

Summary

 Classical bits are written in vector form as |0) for 0 and |1) for 1

« Operations on bits are represented by matrix multiplication on bit
vectors

« Quantum computing only uses reversible operations

« Multi-bit states are written as the tensor product of single-bit
vectors

« The CNOT gate is a fundamental building block of reversible
computing
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