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What is it?

• Quantum computing that relies on the adiabatic theorem

• It involves continuous time evolution of the quantum system

How?

• Uses Hamiltonians to solve optimization style problems
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Evolution

• From LNUC III.B.2.b

• Evolution of a quantum system is described by a unitary
transformation

• |ψ′〉 = U(t, t ′) |ψ〉 = U |ψ〉

• We have been using discrete-time circuits

• Continuous time evolution of a quantum system is given by
the Schrödinger equation
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Schrödinger Equation

• Ê = Ĥ = T̂ + V̂

• Ê = Ĥ

• Ê |ψ〉 = Ĥ |ψ〉

• i~ ∂
∂t |ψ(t)〉 = Ĥ |ψ(t)〉

• i~ |ψ̇〉 = Ĥ |ψ〉
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Hamiltonians

• i~ ∂
∂t |ψ(t)〉 = Ĥ |ψ(t)〉

• i~ |ψ̇〉 = Ĥ |ψ〉

• i is the imaginary unit, ~ is the reduced planck constant

• Ĥ is the Hamiltonian operator

• Ĥ will change based on the situation

• Typically classified by number of particles, number of
dimensions, potential energy function..
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Example Hamiltonian

• The following is the Hamiltonian of representing the energy of
one free particle (V = 0) in one dimension:

• Ĥ = − ~2

2m
∂2

∂x2

• Now in 3 dimensions:
• Ĥ = − ~2

2m∇
2

• ∇2 = ∂2

∂x2 + ∂2

∂y2 + ∂2

∂z2

• This is because:
• T̂ = p̂·p̂

2m = p̂2

2m = (−i~∇)(−i~∇)( 1
2m ) = − ~2

2m∇
2

• Remember:
• Ĥ = T̂ + V̂
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Adiabatic Theorem

Adiabatic Theorem
A physical system remains in its instantaneous eigenstate if a given
perturbation is acting on it slowly enough and if there is a gap
between the eigenvalue and the rest of the Hamiltonian’s spectrum.

In other words..
Gradually changing the conditions of a system allows it to adapt its
configuration while remaining in. We can choose a simple starting
Hamiltonian that we can construct and evolve it into a more
complicated Hamiltonian whose ground state represents a solution
to our problem.
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Adiabatic Quantum Computing

• Step 1: Find a Hamiltonian whose ground state represents
the solution

• Step 2: Prepare a system with a simple Hamiltonian and
initialize to the ground state

• Step 3: Evolve adiabatically with the Schrödinger equation
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Classical Optimization

Figure 1: Stuck in local minimum.
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Quantum Optimization

Figure 2: Quantum Tunneling.



Introduction Related Physics Adiabatic Quantum Computing References

Adiabatic 3-Sat

• C1 ∧ C2 ∧ · · · ∧ CM

• Ci = (x1, x2, · · · , x3)

• H(t) = HC1(t) + HC2(t) + · · ·+ HCM
(t)

• hC (z1C , z2C · · · znC )

=

{
0 clause C satisfied

1 clause C violated

• h =
∑

C hC
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Adiabatic Quantum 3-Sat

• bit zi is a spin-12 qubit labeled |zi 〉 where zi = 0, 1

• 1
2(1− σ(i)z ) |zi 〉 = zi |zi 〉

• σ(i)z =

[
1 0
0 −1

]
• HP,C (|z1〉 |z2〉 · · · |zn〉) = hC (ziC , zjC , zkC ) |z1〉 |z2〉 · · · |zn〉

• HP =
∑

C HP,C

• Note, HP |ψ〉 = 0 only if |ψ〉 is a superposition of states of the
form |z1〉 |z2〉 · · · |zn〉 where z1, z2, · · · , zn satisfy
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Adiabatic Quantum 3-Sat

• H
(i)
B = 1

2(1− σ(i)x )

• σ(i)x =

[
0 1
1 0

]

• H
(i)
B |xi = x〉 = x |xi = x〉

• |xi = 0〉 = 1√
2

[
1
1

]
and |xi = 1〉 = 1√

2

[
1
−1

]
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Adiabatic Quantum 3-Sat

• HB,C = H
(iC )
B + H

(jC )
B + H

(kC )
B

• HB =
∑

C HB,C

• The ground state of HB is |x1 = 0〉 |x2 = 0〉 · · · |xn = 0〉

• |x1 = 0〉 |x2 = 0〉 · · · |xn = 0〉 =
1

2
n
2

∑
z1

∑
z2
· · ·
∑

zn
|z1〉 |z2〉 · · · |zn〉



Introduction Related Physics Adiabatic Quantum Computing References

Adiabatic Quantum 3-Sat

• H(t) = (1− t/T )HB + (t/T )HP

• Let s = t/T

• H̃(t) = (1− s)HB + (s)HP

• Now, evolve according to i~ ∂
∂t |ψ(t)〉 = H(t) |ψ(t)〉

• The ground state of |ψ(T )〉 for big enough T will be very
nearly the ground state of HP

• Measuring the bits in |ψ(T )〉 will be a satisfying assignment
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Quantum Algorithm

• Choose an easily constructible initial state, which is the
ground state of HB

• A time-dependent Hamiltonian H(t) that is easily constructible

• An evolution time T

• Schrödinger evolution with i~ ∂
∂t |ψ(t)〉 = H |ψ(t)〉

• The final state |ψ(T )〉 will be very nearly the ground state of
HP

• A measurement of z1, z2, · · · , zn in the state |ψ(T )〉 will be
satisfying (if the formula can be satisfied)
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