
COE 466 Quantum 
Architecture and Algorithms

Lecture 23

HHL Algorithm

References:

“A Step-by-Step HHL Algorithm Walkthrough to Enhance Understanding of Critical Quantum 
Computing Concepts “ https://arxiv.org/pdf/2108.09004
Quirk simulation for HHL
https://github.com/Qiskit/textbook/blob/main/notebooks/ch-applications/hhl_tutorial.ipynb
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https://arxiv.org/pdf/2108.09004
https://algassert.com/quirkcircuit={%22cols%22:[[1,1,1,%22Amps1%22],[],[1,%22H%22,%22H%22,%22Bloch%22],[1,%22%E2%80%A2%22,1,%22~6u2%22],[1,1,%22%E2%80%A2%22,%22~ejp%22],[1,%22QFT%E2%80%A02%22],[1,%22Chance2%22],[%22~8li5%22,%22%E2%80%A2%22],[%22~hnqe%22,1,%22%E2%80%A2%22],[1,%22QFT2%22],[1,1,%22%E2%80%A2%22,%22~ejp%22],[1,%22%E2%80%A2%22,1,%22~hmcl%22],[%22Chance%22,1,1,%22Amps1%22],[%22Bloch%22],[%22|1%E2%9F%A9%E2%9F%A81|%22],[1,1,1,%22Amps1%22]],%22gates%22:[{%22id%22:%22~6u2%22,%22name%22:%22e^%CF%80%20i%20A%22,%22circuit%22:{%22cols%22:[[%22NeGate%22],[%22X^-%C2%BD%22]]}},{%22id%22:%22~ejp%22,%22name%22:%22e^2%CF%80%20i%20A%22,%22circuit%22:{%22cols%22:[[%22X%22]]}},{%22id%22:%22~hmcl%22,%22name%22:%22e^-%CF%80%20i%20A%22,%22circuit%22:{%22cols%22:[[%22NeGate%22],[%22X^%C2%BD%22]]}},{%22id%22:%22~82t9%22,%22name%22:%22e^-2%CF%80%20i%20A%22,%22circuit%22:{%22cols%22:[[%22X%22]]}},{%22id%22:%22~8li5%22,%22name%22:%221/(%CE%BA%C2%B70.5)%22,%22matrix%22:%22{{0,-1},{1,0}}%22},{%22id%22:%22~hnqe%22,%22name%22:%221/(%CE%BA%C2%B71)%22,%22matrix%22:%22{{%E2%88%9A%C2%BE,-%C2%BD},{%C2%BD,%E2%88%9A%C2%BE}}%22}]}
https://github.com/Qiskit/textbook/blob/main/notebooks/ch-applications/hhl_tutorial.ipynb
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Solving Linear Systems

• The problem of solving a linear system of 𝑀 equations with 𝑁 variables is an 
important problem in mathematics, science, and engineering 

• Problem: Given an 𝑀 ×𝑁 matrix 𝐴 and a solution vector 𝒃, find a vector 𝒙 such 
that 

𝐴𝑥 = 𝑏

• Solution:
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Solving Linear Systems - Example
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Quantum Linear Systems Problem (QLSP)
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Math
Quantum registers: 
ۧ| 𝑐: store binary representation of the 

eiganvalues of 𝐴- also called clock register
ۧ| 𝑏:contains the vector solution, where 

𝑁 = 2𝑛𝑏

ۧ| 𝑏:is auxiliary qubit
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Math
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Math



Support Vector Machine

• Find a linear function to 
separate the classes:

f(x) = sign(w  x + b)
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w
Email 
Length

New 
Recipients

Spam?

Email 1 120 100 Yes

Email 2 40 1 No

Email 3 60 2 No

Email 4 30 3 No

Email 5 240 400 Yes
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SVM Problem

How to find w? The best line is the one that maximizes the 

margin between the two classes
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Optimal Hyperplane

The best line is the one that maximizes the 

margin between the two classes



SVM: Not Linearly Separable

Transform the dataset 
into higher dimensions
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QSVM
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QSVM

• Example: QSVM

https://qiskit.org/documentation/stable/0.24/tutorials/machine_learning/01_qsvm_classification.html
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Quantum Encoding 

• Almost all QML algorithms require loading data into quantum computers 

• Data MUST BE encoded in qubits 
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https://algassert.com/quirkcircuit={%22cols%22:[[1,1,1,%22Amps1%22],[],[1,%22H%22,%22H%22,%22Bloch%22],[1,%22%E2%80%A2%22,1,%22~6u2%22],[1,1,%22%E2%80%A2%22,%22~ejp%22],[1,%22QFT%E2%80%A02%22],[1,%22Chance2%22],[%22~8li5%22,%22%E2%80%A2%22],[%22~hnqe%22,1,%22%E2%80%A2%22],[1,%22QFT2%22],[1,1,%22%E2%80%A2%22,%22~ejp%22],[1,%22%E2%80%A2%22,1,%22~hmcl%22],[%22Chance%22,1,1,%22Amps1%22],[%22Bloch%22],[%22|1%E2%9F%A9%E2%9F%A81|%22],[1,1,1,%22Amps1%22]],%22gates%22:[{%22id%22:%22~6u2%22,%22name%22:%22e^%CF%80%20i%20A%22,%22circuit%22:{%22cols%22:[[%22NeGate%22],[%22X^-%C2%BD%22]]}},{%22id%22:%22~ejp%22,%22name%22:%22e^2%CF%80%20i%20A%22,%22circuit%22:{%22cols%22:[[%22X%22]]}},{%22id%22:%22~hmcl%22,%22name%22:%22e^-%CF%80%20i%20A%22,%22circuit%22:{%22cols%22:[[%22NeGate%22],[%22X^%C2%BD%22]]}},{%22id%22:%22~82t9%22,%22name%22:%22e^-2%CF%80%20i%20A%22,%22circuit%22:{%22cols%22:[[%22X%22]]}},{%22id%22:%22~8li5%22,%22name%22:%221/(%CE%BA%C2%B70.5)%22,%22matrix%22:%22{{0,-1},{1,0}}%22},{%22id%22:%22~hnqe%22,%22name%22:%221/(%CE%BA%C2%B71)%22,%22matrix%22:%22{{%E2%88%9A%C2%BE,-%C2%BD},{%C2%BD,%E2%88%9A%C2%BE}}%22}]}
https://pennylane.ai/qml/demos_optimization.html
https://qiskit.org/documentation/stable/0.24/apidoc/qiskit.aqua.algorithms.html
https://homepages.rpi.edu/~embrem/dm/Suykens_tutorialucl.pdf
https://hillside.net/plop/2020/papers/weigold.pdf
https://arxiv.org/pdf/2108.01468.pdf

