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Basics of Computing

Universal Computer

Solves output from input data b ∈ {0, 1}∗ by executing a program
implemented according to a machine-specific instruction set.

Types of computational problems

Decision f : {0, 1}∗ → {0, 1}, function, promise, search, optimization, . . .

Decompose f : {0, 1}∗ → {0, 1} into
Boolean logic operations

Execute f via concatenating unary
f : {0, 1} → {0, 1} & binary f : {0, 1}2 → {0, 1}
operations such as ∧, ∨ & ¬.

x y x ∧ y x ∨ y

0 0 0 0

0 1 0 1

1 0 0 1

1 1 1 1
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Reversible computing

Embed f : {0, 1}∗ → {0, 1} into reversible logic and decomposing

Reversible F : {0, 1}∗ × {0, 1} → {0, 1}∗ × {0, 1} : (x , y) 7→ (x , y ⊕ f (x))
decomposable into CCNOT or CSWAP gates.
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Q Computing

Same problems; different
instructions

Solves f : {0, 1}∗ → {0, 1} but maps
to Q information to process according
to Q logic and measures to yield
output.

Qbits |Ψ〉 =
∑

b∈{0,1}n Ψb |b〉 ∈ C2n

& Gates G : C2k → C2k

For n Qbits plus k-Qbit gates with k
fixed size independent of n.

Hadamard gate:

H : |b〉 7→ |b̄〉 := |0〉+(−1)b|1〉√
2

T (‘magic’) gate:

T : |b〉 7→ eibπ/4 |b〉.

CNOT gate:

CNOT : |bb′〉 7→ |b b′ ⊕ b〉
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Q information processing & complexity
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Schrödinger’s cat schematic
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Encoding Q Information into Light
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Dual-Rail Nonlinear Q Optical Computer doi.org/fkkvp6
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Knill-Laflamme-Milburn doi.org/cxdhtn
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Linear Ion Trap
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Q Computer Technology: P in Si doi.org/cf32zn
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Superconducting Qbit
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