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Variational quantum eigensolver
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Generating probability distribution

Target distribution: P*
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Next token prediction task with QLM

e Tokens encoded via
the basis in the
Hilbert space

o ~20-25 qubits

e Positional encoding
via relative phase

(also ensures non-linearity)

e Attention mechanism
via entanglement

% E LT E 4‘ Quantum Information
= EOTVOS LORAND m I E n E r C National Laboratory
=

UNIVERSITY HUNGARY




SQUANDER: toolkit to train @ l\ \I |-|_ Quantum Informatior
quantum circuits
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Sequential Quantum Gate Decomposer Q"'Ener

High performance
WK QC simulator

QML

SQUAND R

Gradient Descend and

Quantum Gate . N .
Evolutionary Optimizers

Compilation

QGitHub https://github.com/rakytap/sequential-quantum-gate-decomposer
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IL.P based cover set problem

e Use Integer Linear Programming

Directed Acyclic Graph

solver to find the optimal

of gate operations

circuit partitioning
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Graphical User Interface

Qubitkit by SQUANDER @ Test O < @ B8 % °
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Visual Inspection of Partitions

Qubitkit by SQUANDER (@ Test O
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Barren plateaus in quantum neural network training
landscapes

Jarrod R. McClean', Sergio Boixo® !, Vadim N. Smelyanskiy', Ryan Babbush' & Hartmut Neven'
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Barren plateau & entanglement entropy @ l\\l |'|_ National Lobaratory
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controlling entangelement

to mitigate BP?
Avoiding Barren Plateaus Using Classical Shadows

’ . Stefan H. Sack, Raimel A. Medina, Alexios A. Michailidis,
Second Rényi entropy Richard Kueng, and Maksym Serbyn
B 5 PRX QUANTUM 3, 020365 (2022)
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Entanglement-Induced Barren Plateaus
Carlos Ortiz Marrero, Maria Kieferova,

and Nathan Wiebe
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Avoiding Barren Plateaus Using Classical Shadows

Quantum Information
Stefan H. Sack, Raimel A. Medina, Alexios A. Michailidis, C National Laboratory
Richard Kueng, and Maksym Serbyn
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@ monitor the entropy ot = 9! — nVeE(0),
and control the lerning rate - —» Decreasing the learning rate!!
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: QPU !
@ use local cost functions

CPU
Nature Communications 12, 1791 (2021)

@ use matrix product states
PRX Quantum 3, 010313

Compute E(6),
@ layer-by-layer optimization
Quantum Mach. Intell. 3, 5 (2021)
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Increase

@ Perform line search along a well
defined direction initial point

Search direction — line search ~
S Search direction —»line searchj

“ Search direction—3» line search~
“>»Search direction—»= line search—

g‘..

@ How to determine search direction?

@ What is the range of the line search?

@ layer-by-layer optimization

Batched Line Search Strategy for Navigating through Barren Plateaus

in Quantum Circuit Training
( Yuantum s, 1841 (2025). S WIBNERF

the open journal for quantum science
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gate containing parameter p;: Up
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Gradient free search direction (Q I\\I |1 Mo oo
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initial point

© randomly select a subset A of
the parameters

© determine the parameter-wise
. . o
minimum 0,

@ we define the search direction

o0 ifieA
L 0 otherwise.

@ decreasing values in Eyqg
are automatically associated
with moderate entaglement

entropy.
@ There are no additional hyper- ELTE &
- R <||| IBNar

parameters in the algorithm



Compare optimization strategies ©) N| LR
a)  f b)

Random 1nifialization 30 Zero initialization
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Qubit benchmark

— 17 qubits
— 18 qubits

19 qubits
— 20 qubits
—— 21 qubits

0.5 1.0
Cost function evaluations [10]
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Looking Ahead QNI

¢ Shot noise: how many time we need to
run the quantum circuit and
measure the output

e Noise implementations in

Squander to include noise in [e=—€
QML algorithms
e Unital noise

e Non-Unital noise

e Retrain circuits with noise included
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