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Juantum Macnine Learning: what and wny'/

Machine Learning

uantum computing
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[he classical perceptron model
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[he classical perceptron model
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nto the quantum domair )

S | The n-bit long input and weight vector can be
l

i,w € {—1,1) encoded in the amplitudes % 1 of a balanced
superposition of the computational basis

states of N = log, n qubits
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) =—— ) iil)) 2 2
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1 2N_1 7,k=0 j=0
V2V S

This class of states are known as Real Equally Weighted (REW) states N qubits used to encode

2N classical bits
F. Tacchino et al., npj Quantum Information 5, 26 (2019)
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Juantum artificial neuron

(Juantum circuit implementation (Juantum input state preparation
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Classitication of checkboard patterns
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-rom Binary to Continuous values

Binary ;) =—Zzlf> with i ==%1 but ei@:{1 gi?,

By means of phase encoding we load the data on the quantum states!

nput 9 =(6,,0,,...,0,_,)
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Quantum states: Moy
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(9]-, ¢j = [O,]Z'] (not 2z due to periodicity)

S. Mangini et al., Machine Learning: Science and Technology (2020)
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Some useful remarks

The activation function

) {2
f0.0) = =5 + v 2, cos(0= &) = 0= )
1<j
°If 0=4¢
2 -1 1 2N@2N 1) which also holds if
f(a’qb):ﬁ:zzzquzﬁ:zm—l ) =1 0=¢+A
1<J

Color invariance!
°*fo=¢+A, A ~Unif(-a/2, al2)

(f0,9)) ~ 1 —0?  Noise resilience!
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Actual guantum circuit implementation

N =2 qubits
U U
| | |
qro : [0) 4 H Q O HH X o
[ T Lo ] T T
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Ancilla : |0) BA
NOT gate Hadamard gate Phase shift gate Controlled gate
1 0 0O O
1 1 O
X = [O 1] H = E _11] R(O) = [() em] ) (T] R 01 O 0
Lo V2 =10 0 U, U,
00 Uy Uy

YIQIS2020 14 30 September 2020, Stefano Mangini



Classitication of grayscale patterns

Grayscale images
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earning

Key aspect of NN-based algo
classical optimizator based o
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[ake home message

Key points

-ncode classical data through Phase encoding

Color invariance and Noise resilience

Suitable for optimization using gradient descent techniques
Successfully tested on real quantum hardware (IBMQ)

O O O O
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Actual guantum circuit implementation

N =2 qubits
U, Uw

| 1 I

qr ‘O> - H Q Q HARX ®
=] T [ ] T T '

qry :10) 4 HHR(6:) HX HR(62) HX HR(65) HH R(é1)T HX H R(¢2)t HX HR(¢s)" HHH X 9
| 1 I

Ancilla : |0) SA

Superposition

100) —>%(|OO)+ |01) + |10) + | 11))
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Actual guantum circuit implementation

N =2 qubits
Ui Uw
| |l I
qry ‘O> - H Q Q HHX ®
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Phase encoding
1
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Actual guantum circuit implementation

N =2 qubits
U, Uw
| | |
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Actual guantum circuit implementation

N =2 qubits
U; U
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Classification of 2D aate

N=1 qubit

N=2 qubit
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Classitication of checkboard patterns

D = 0.2364 D = 0.0598
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otate preparation

-or binary encoding of data

Brute-tforce approach Hypergraph states

Edge

| 1A
1010) — iy;0|010) lwz->=ﬁj§ i)

[110) — 4}|110)

Nodes REW state

Requires O(n) operations Requires Q(VI) O.Defathﬂ.S
but lower multi-qubit operations

? . ; - (at most one N-controlled gate)
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