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Qubits and Their Properties: How do they
Differ from Classical Computing Bits?

A bit of data Is represented by a single atom that is in one of two
states denoted by |0> and |I>.
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Key Property |: Quantum States Exists in
Superposition

A single qubit can be forced into a superposition of the two states denoted by the
addition of the state vectors:

ly>=A [0>+B |1>

Where A and B are complex numbers
and A | + |B |

Key Property 3: Qubit Entanglement
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Qubit entanglement is the quantum phenomenon where two or more
qubits become linked such that the state of one instantly determines the
state of the other(s), no matter how far apart they are.
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Key Property 2:

The coefficient of qubit
superposition are complex
numbers, which introduces phases
to qubits. These phases cause
interference pattern in qubits

Qubit Interference

Qubits

Quantum
wave functions

Overall
wave function

Probability
distribution

000 001 o010 01 100 101 MO M

These Properties Together Forms the Basics
of Quantum Computation & Networking
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Quantum Computation is Performed Primarily
via a Gate Based Programming Model

Gate Operations (rotations) — phase change and
interference at play

\ 4

Initial state do — T iy Measure
prepalration o o » P output states
via » T = -~
superposition 9> H P P superposition
and T collapses
entanglement g3 4 HHP P P

An example circuit performing quantum Fourier transform
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But We Are in the NISQ/ Early-Fault Tolerant
Era of Quantum

NISQ = Noisy Intermediate Scale Quantum

Gate Error; Readout/Measurement Errors, Bit Flip, and Phase Flip errors are the
most common In today’s quantum hardware

Qiskit Bell State Measurement Results
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Algorithms that rely on massive search or parallel linear-

algebra operations can benefit from quantum offloading,
because qubits explore 2= states in parallel
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Exaggeration, but still offers significant
(quadratic or more) speedups, compared
to classical --> huge energy savings!
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“ Nature isn’t classical, dammit, and if you want
to make a simulation of nature, you'd better
make it quantum mechanical > —
Richard P. Feynman



