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Course OQutline

® Lecture 1: Introduction
¢ Lecture 2: Quantum Algorithms

¢ |ecture 3: Quantum Computational
Complexity Theory

* Lecture 4: Devices and Technologies

* Lecture 5: Quantum Computer Architecture
* Lecture 6: Quantum Networking

* Lecture 7: Wrapup
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* Review of basics from yesterday
* Deutsch-Jozsa

* Shor’s factoring algorithm

* Grover's search algorithm

* Brief look at other algorithms
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» #%3%(Grover's algorithm):
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* Superposition, phase, and the ket
notation

¢ Entanglement
* 1 and 2-qubit gates
* Measurement and decoherence

Superposition (ErEhHt) and
ket Notation

* Qubit state is a vector

* |0> means the vector for 0;

1> means the vector for 1;

00> means two bits, both 0;

?10) is three bits, middle one is 1;
etc.

* A qubit may be partially both!
(but stay tuned for measurement...)
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How Do Quantum Algos Work?

* Runs are begun by creating a superposition of
all possible input values.

* Executing a function gives a superposition of
answers of all possible inputs! The hard
part is extracting the answer we want.

* Every part of the superposition works
independently on the algorithm,

* They all work by using interference. The
phase of parts of the superposition are
arranged to cancel out and leave only the
interesting answer.
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Each bar is the amplitude of the wave
function, that is, the square root of the
probability, of finding the system in a
particular state.

Example: Search

B Start with all equal |
probabilities:

Flip the phase of
NDO2" the answer:

Flip all states about
the mean (average):

The analog nature of phase figures
in strongly!
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- Proc. R. Soc. London A, 439, 553 (1992)
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- Phys. Rev. Lett., 79, 325 (1997)
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- SIAM J. Comp., 26, 1484 (1997)
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D-J and Grover

Deutsch-Jozsa takes advantage of inferference in the
phase to cancel out unwanted terms in the
superposition.

But, D-J uses only +1 and -1 in the phase and
essentially calculates parity.

Grover's algorithm takes advantage of the full
continuous nature of phase to create interference...

(Note: Remember, phase applies to the whole term
in the superposition, not just a single qubit! Shift
the phase on any qubit and you shift it on the whole
term in the superposition.)
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Grover and Shor

Grover uses interference in phase to cancel unwanted
terms.

Shor goes a step further, broadening the range of
conditions in which useful interference occurs, by
doing a Fourier transform...
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Order—-finding
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Other Order-Finding Algos.

* Abel ian subgroup, discrete logarithm

e QFT based, but very different in
classical portion of algorithm

* Hidden subgroup problems in general

Main Classes of Algorithms

* 1: Use the QFT to find periodicity
e 2: Grover's algorithm and friends
e 3: Simulating quantum physics

» (D-J seems to fall outside these)

Architecture Affects Algorithm

Efficiency
Long-distance gates Single line layout, neighbor only
2-qubit »

2-qubit cate
gate
swap
Neighbor only qubit
operations require values

swapping qubits

Wrap—-Up on Algorithms

e “Quantum” algorithms actually have
both quantum and classical parts

e Use of quantum interference based on
complex, analog phase is critical

* Period-finding algorithms work well
(exponential speedup over best known
algos, but not yet proven better)




