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Talk outline
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A brief history of Kolmogorov-Arnold
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Kolmogorov-Arnold Networks

a
Example) f(*) = esin(xi

+ xi)

Ypq(x) =W O



Interlude : Quantum Linear algebra

· Can we handle nonunitary matrices ?

· Yes, embed it into a larger unitary.
T

A
401

(A) =H = loxOA.
nomunitary

shape (A) = NXN

# qubits to represent A
:
n = Logz N

# qubits to represent La : n + a



Multiplication & addition
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-A + B 107F < 01 -

(LC4)

arxiv : 1806
.
01839

(Gilyen et ah . )



Tensor & Hadamard product
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General matrix functions +(A)

Rotation matrix O() =

so( cos
ro- sin re &G"(E) =

sin to cos to

Or(X) = cos(r . arcosx)
= ) = (Tr(x))( A

To(x) = 1
,
To(x) = X

,
Tz(x) = 2x - 1

arxiv : 2201
.
08309 ↑

a few Chebyshev polynomials
(Lin Lin (



General matrix functions +(A)

Let (x be a (Hermitian) block-encoding of X :

4x = (E)04 = wi

Then
,

21 x 10) = x 10) + VTF* 11)

and 212x10) = x 21510) + VFX 2111)
-

= X 10) + XV1-X2()

+ vTx ( x (1) = 10)

=> Hx11 = vF10) - x 11)



General matrix functions +(A)

2x 10) = x 10 + VT (1)
H
x (1) = vFx2'10) - x 11)

COS

==I (
un

in cos
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Quantum signal processing



General matrix functions +(A)

Idea : Replace X by A and

f(A) : = [f(x)1xx)/

Ieorem: /QSVT Let Wa be a block-encoding
of A

.
Let P(x) < PREX) of degreed .

Then
,

there is a sequence of angles :
such that

zilei einei)
is a block-encoding of P(A)

.



General matrix functions +(A)

Examples: I

· f(H) =
e-iHt

: Hamiltonian simulation

· f(A) = At : Linear system solver

(A(x) = (b) =(x) = A+b)

· +(H) = 2
- BH

· Gibbs state preparation



Toolbox Goal : Quantum KAN

⑬I⑰ · I - I Fk(X
⑰

4pq(x)= (x)

Chebyshev polynomials : Tr(x) : = cos(rarcos (x1)



QKAN construction

·**k=

·E
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QKAN construction
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QKAN construction

I N I =: $(I)·
10)+- <01 10)

E =F
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Solution models

How do I get something useful

out of the block-encoding ?

#stimateC+ Prepare1430/

FiI



Solution models

I classical output : Estimate(E)
,
+T

4p10)(4) = &(E)
, 10)(9) +jG()1 + )
- -

Good Bad

· PEGood] = 1D()
,
12 -> O() samples

· What about the sign ? Hadamard test

· QAE to improve from G(t2) to O(t)



Solution models

It Quantum output : Prepare1470/
14) : =4)&

↓malization M?=Ypq(XP))

4p10)(t)= 49(x))019) +...
-

Good Bad

= 1014) + ..
QAA O(①
-



Training =Parametrized circuit

· Observable

f(E) = <40/M140)

Cost-function

((E) 11 f() - y112· X Varg[D(E1] EO (b)

Barren plateaus



Training

· Diagonal block - encoding of amplitudes

Ent in st in-We
↑
parametrize Uw(E) s

.

t
. Wi = Wild

· Hadamard product UwoU+=

arxiv : 2309
.

09839 =
(Rathew a Rebentrost (



Potential application for QKAN

· Where can QKAN be useful ?

- Depends on availability of efficient block - encodings
- Depends on trainability

Proposal : Quantum phase classification

#Smth
.

else

My G

Py(0) = 14)



Thank you !
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