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Amplitude Embedding

Given the normalized vector X = (xq, - - .xzn)T, x, € C
_ N\
From 10)®" generate the state |[¥Ygqstq) = Zx,-lj) 0)®" | = ? - |Yyata)
Jj=1 —_ —
Initial States for PDEs 0.200
Quantum Random Walk gf)z lllllllllllllll
Probability distributions oo oot oz
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s e An overview on amplitude encoding
Brief historical review

Grover and Rudolph (2002)

® |terative and deterministic
® Real valued functions

1N 1IN

[Proc.Roy.Soc.Lond. A454 (1998)]
[arXiv preprint quant-ph/0208112 (2002)]
[arXiv preprint quant-ph/0407102, (2004)]
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s e An overview on amplitude encoding
Grover and Rudolph

Grover and Rudolph (2002)

* Positive real valued function
e lterative and deterministic method

/I\()) 10 How are the rotations implemented?
1)
X, +(1—1/2)5,

/ \ » / \\ ) Jxm,-n+(l—1)5k f(x)dx

‘919' = 2 arccos I

Xmin Xmax Xmin Xmax in Xmin &
: | 0 o1) \ g, fOx

Ry(6%)]0) = cos(8°) | 0) + sin(6°) | 0) o~ |O(yf\ 110)

_ BN DS

min Xmax

P(A) = P(A| B)P(B) // \\ = [

min

javier.gonzalezc@ehu.eus |20th June 2024)
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Encoding classical information
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Overview

Grover and Rudolph (2002)

® |terative and deterministic
® Real valued functions

1N 1IN

[Proc.Roy.Soc.Lond. A454 (1998)]
[arXiv preprint quant-ph/0208112 (2002)]
[arXiv preprint quant-ph/0407102, (2004)]

Oracular Access Arithmetic Rotation angles

ot |0)|0) := sin(@)|8) | 0) + cos(@)|0) | 1) bln(l)

Efficient ?

Yeomprertty et et rot | @) 0) 1= sin(@) | @) |0) + cos(@)|0) | 1)
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Encoding classical information

Overview

Grover and Rudolph (2002)

® |terative and deterministic
® Real valued functions

il
| |\|

Xmin

[Proc.Roy.Soc.Lond. A454 (1998)]
[arXiv preprint quant-ph/0208112 (2002)]
[arXiv preprint quant-ph/0407102, (2004)]

Exact unity mappings
(needs classical pre-computation)

L4 .
(] q . . 1
: Ex[i)honfngal CSSt L a(nm:llas Sparse states (efficient) '

ys. Rev. Research 3, 043200 (2021
1 [Phys. Rev. Lett. 129, 230504 (2022)]
. [Quantum 8, 1228 (2024)] [arXiv-2108.06150] :
i []
.

--------------------------------------------

o T EEEEEEEE=--

Exponential cost in depth [Quantum Information & Computation
e Complex values Volume 5 Issue 6 (2005)]

® Links two arbitrary states https:/arxiv.org/pdf/quant-ph/
0407102.pdf

Schmidt decomposition CNOT synthesis
[Phys. Rev. A 83, 032302 (2011)] [arXiv:2401.01009]

-----------------------------------------------

- E E EE EE O mmom

Oracular Access

(ancillas for m bit precision)

Arithmetic

Rotation angles

Ocr: 1D10)®" = |1y |41y

rot|0)|0) :=sin(@)|6)|0) + cos(@)|0) | 1)

Efficient ?

Quantum query (pnys.Rev. E 103, 063302 (2021)]
. [Quantum 5, 431 (2021)]
complexity [Quantum 5, 463 (2021)]

javier.gonzalezc@ehu.eus
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Overview

Grover and Rudolph (2002)

® |terative and deterministic
® Real valued functions

ExaetApproximated unity mappings? // \ =»> Vﬂ‘ﬂ\
(needs classical pre-computation) ’ ‘ |

Xmin

[Proc.Roy.Soc.Lond. A454 (1998)]
[arXiv preprint quant-ph/0208112 (2002)]
[arXiv preprint quant-ph/0407102, (2004)]

Exponential cost in depth ~ [Quantum Information & Computation
® Complex values Volume 5 Issue 6 (2005)]

e Links two arbitrary states https://arxiv.org/pdf/quant-ph/

Exact unity mappings

(needs classical pre-computation)

- m m m m m m m om om g,
- E E EE EE O mmom

qoToToeeneToreneseseozzazssssessososozozosos 3 0407102.pdf

1 EXponential cost In ancillas : 0

' [Phys. Rev. Research 3, 043200 (2021)] SEEOREEDRIAI, 1 Schmidt decomposition CNOT synthesis

1 [Quantum 8, 1228 (2024)] [Phys. Rev. Lett. 129, 230504 (2022)] 1

! ’ el 2 ' [Phys. Rev. A 83, 032302 (2011)] [arXiv:2401.01009]

‘~ ___________________________________________ l. 5
Oracular Access Arithmetic Rotation angles

(ancillas for m bit precision)

Ocr 110)®" > [1)] %1y,

tot|0)|0) :=sin(@)|0)|0) + cos(0)|0)]| 1)

Efficient ?

Quantum query (pnys.Rev. E 103, 063302 (2021)]
. [Quantum 5, 431 (2021)]
complexity [Quantum 5, 463 (2021)]

javier.gonzalezc@ehu.eus
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Overview

(Approximated) Unity mappings | | Clustering angles! Grover and Rudolph (2002)

1.9 ® |terative and deterministic

_ } i 18 _ o=1) _ g(k—l)‘ 2 (a§ log f(y)) ® Real valued functions
Our first contribution! B e g
16 ;
E—_J -------------- D \ ‘0> Ry(o(o)) Q i »
1o ’ ) (60— ’ ‘ ‘
1.4 | i i :
Quantum algorithms for approximate function loading Block of 7 QUb}tS [0) - ¢ — = o | e
Gabriel Marin-Sanchez, Javier Gonzalez-Conde, and Mikel Sanz 13 ‘ _BIOCk Of 8 QUbltsi ‘0) I — Ry(o(ko_l)) m m
Phys. Rev. Research 5, 033114 — Published 18 August 2023 a0 BlOCk Of 9 Qublts =
12 10) R, (6%) [Proc.Roy.Soc.Lond. A454 (1998)]

200 400 600 800 1000

Arice  Refoonces | Gitng Avices 2 o (l ; | ) N [arXiv preprint quant-ph/0208112 (2002)]
c) Beta Dist. (o« =0.5, 8=0.5 i i -
———— e — [arXiv preprint quant-ph/0407102, (2004)]

- - ' - - . - ‘

Exact unity mappings | ExponentiaLcostin depth  Quartum oo o o

(needs classical pre-computation)  ® Complex values . - ;

' e Links two arbitrary states https:/arxiv.org/pdf/quant-ph/ o B '

Rl ety telelitieielieliielieiietiielielelitelitele s 0407102.pdf o ——

:Exponentlal cost in ancillas Sparse states (efficient) . : _ — . i A= :

! EZE&EE‘S“J?SSSEZ% ;3‘,1)(])43200 (2021)] Pl e L5 129, ERER () ' : | Schmidt decomposition CNOT synthesis L .

: ’ [arKivi2108.06150] : 1| [Phys. Rev.A83,032302 (2011)] || [arXiv:2401.01009] L

S e < ' "
Oracular Access Arithmetic Rotation angles

(ancillas for m bit precision)

Ocr 110)®" > [1)] %1y,

tot|0)|0) :=sin(@)|0)|0) + cos(0)|0)]| 1)

Efficient ?

Quantum query (pnys.Rev. E 103, 063302 (2021)]
. [Quantum 5, 431 (2021)]
complexity [Quantum 5, 463 (2021)]
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s Eare Our first protocol

Motivation
( )
(k—=1) _ Xint(I=1)0y 3.5 . — 1.61, ‘ . ——
0. 0y = 2 arccos 7 Block of 7 Qubits Block of 7 Qubits
\ J min lkl i fx)dx S —Block of 8 Qubits 1.6 —Block of 8 Qubits
\ Xmint(I=1)0; ) -- Block of 9 Qubits 159l -« Block of 9 Qubits |
2.5 1 : ' —~

)

0.5 l - 1.54
0 x — L x . 1.53 ' ‘ ' ‘ '
200 400 l 600 800 1000 200 400 l 600 800 1000
(a) Black-Scholes Dist. (K =45, ¢ = 3) (b) Normal Dist. (u =0, 0 =1)
2 r T r . T 2.1, . ‘ . ! .
Block of 7 Qubits
1.9+ “ N —Block of 8 Qubits
18l | = Block of 9 Qubits
1.9
1.6F > 1.8
.5
1 —
1.4 o
Block of 7 Qubits T
1.3" —Block of 8 Qubits- B o
Lo | =+ Block of 9 Qubits ) 3
' 200 400 , 600 800 1000 ' 200 400 l 600 800 1000
(c) Beta Dist. (o« =0.5, 8 =0.5) (d) Gamma Dist. (k= 1.5, 6 = 2)

javier.gonzalezc@ehu.eus
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Our first protocol

Angles Clustering

We cluster the all the angles from the block k, + 1
onwards and find out how it affects on the fidelity

o=

R, (68"

|
>

(=)

=

Ry(O(l))

=

_0
. . l
I

=)

=

0) Ry (0 9 ?
0) R,(8') 1 @
0) R, (0% ¢
0 #
0) ..._Ry(g(n—l))

—_— N SN —

R0

|
&
=N

Complexity 62"
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Overview

(Approximated) Unity mappings Clustering angles! Grover and Rudolph (2002) Generative models 0 d tributiont
L= , ® |terative and deterministic ur secon contribution!
1.8 5 . Ry (01 Ry (6], Ry(0) 1
gUe=1) _ g(k—l)‘ P . (02 log f(y)) ® Real valued functions =
1 1 1 : 1+1 ! = 4 yeys, y - - on
Our first contribution! | ; el p m = e o L = 4
E___J .............. ) o — = L - Adapted VQC!
15 1 ; g
1.4 | ! f Ry(?( I ! ’ | ‘ | (Training) ( Expressability )
Quantum algorithms for approximate function loading gioci oig 8ug12s ) . A L x L \ Quantum algorithms for approximate function loading
Gabriel Marin-Sanchez, Javier Gonzalez-Conde, and Mikel Sanz 13 —Dblock o ubits: (ko—1) mn e mn e : A Gabriel Marin-Sanchez, Javier Gonzalez-Cande, and Mikel Sanz
Phys. Rev. Research 5, 033114 — Published 18 August 2023 | .. Block of 9 I 0) ————— Ry(o ) . Quantum generat|ve adversar]al Phys. Rev. Research 5, 033114 — Published 18 August 2023 B i on
1.2 200 400 (;Zo ’ so?u 11t§oo 0 Ry (0%) [PrOC'ROy'SOC'Lond' A454 (1 998)] networks for leaming and Aticle | Reforsnces | Giting Articles @) Export Gitaton Lﬁ\f q -
Aticle | References  Giing Articles ) l 5 3 5 -(E'n—l) [arXiv preprint quant-ph/0208112 (2002)] loading random distributions O S SR e S S S S S S S—
(c) Beta Dist. (= 0.5, 5 =0.5) & s [arXiv preprint quant-ph/0407102, (2004)] IBM JR— — T
——ths. Rev. Research 5, 033114@23? ’ ( ) ' ® - @
. . l’ ----------------------------------------------------------------------------------- ~\
Exact unlty mappings ' Exponential cost in depth  [Quantum Information & Computation :
. . ' e Complex values Volume 5 Issue 6 (2005)] —F - '
(needs classical pre-computation) ' P . '
' e Links two arbitrary states https:/arxiv.org/pdf/quant-ph/ 1 '
"E """" I- """" ”' """"""""""""" . i 0407102.pdf R, 07 - .
xponential cost in ancillas . ' : '
; [Phys. Rev. Research 3, 043200 (2021)] ihpar: © LS ta}:gigj::f::;t) : 1 | Schmidt decomposition CNOT synthesis R ¢ :
: [Quantum 8, 1228 (2024)] Ear)éim%\g.ogt:-so] , (2022)] 1 . . AL,
! ' . | [Phys. Rev. A 83, 032302 (2011)] [arXiv:2401.01009] .
\. ------------------------------------------ ". 1 "
Oracular Access Arithmetic Rotation angles

(ancillas for m bit precision)

Ocr 110)®" > [1)] %1y,

rot|0)|0) :=sin(@)|6)|0) + cos(@)|0) | 1)

Efficient ?

Quantum query (pnys.Rev. E 103, 063302 (2021)]
. [Quantum 5, 431 (2021)]
complexity [Quantum 5, 463 (2021)]

11
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Singularities

Point P1 PQ P3 P4 P5

Partially clustered

Type sl 22 z1 s2 z1
Total Parameters 7+ 1 =8

Py Ps
/
/ \. \//

How to proceed

! :
I |
I |
I |
' |
1 :
I |
I |
i :
l |
I |
I |
i :
|' Py : | I I I I I | | I | | ! I ! ! \
' k() 1 [ | I | I [ | | | | I | I [ :
(i) Identify and classify singularities Unclustered : o N A
1 I | | | | | | I | | [ | | | [
|
~ _ 0) R, (6°)—¢ ? I R T T T S R
(i) Uncluster till kO (hyperparameter) 0) R, (6" I @ : 0000 0010 0100 ~ 0110 1000 1010 1100 1110 '
i 0001 0011 0101 0111 1001 1011 1101 1111 :
: : 0) Ry(6") @ : '
(iii) Partially clustering from kO o i : ;
1
|
1
v) Trai . 1 S & P P P P :
(iv) Train 0 | 1 ) 3 4 5 !
0 ¢ . — — :
: 1 ~\ \ e N
I U U ) ) 9 9 9 1
0) : !
- O O O ® O ® ® !
0) R, (0" ) : |
N ' O ® ® ® ® O ® :
1
|
K b ! : Q hd hd hd Q hd —— !
Params. G-R 1 2 4 8 s ) 0 o o ) o N i o
Params. Var. 1 2 4 8 8 8 8 . Free Parameters > Cluster |
1
% Params. 100 100 100 100 50 25 . 24-n.100 \ ------------------------------------------ '

javier.gonzalezc@ehu.eus |20th June 2024)
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Overview

: - - ‘ ‘ ' l Grover and Rudolph (2002) Generative models
Approximated) Unity mappings ° Clustering angles! .
( PP ) y PpPIng 19 , ® |terative and deterministic . _ . Our Second ContrlbUtlon!
1.8 o 0 (010 (01, V(01K
) ) ) g(k—l)_g(k—l)‘ < % 321 ® Real valued functions -
Our first contribution! | TS g (P )| p ST T =
- i : 5 5 ! | B
1'6/ .............. D Y |0) Ry(g(ﬁ)) Q i » : Adapted VQC-
- 1.5 1 ) R,,(G(l)) ¢ ’ | — i
Quantum algorithms for approximate function loading e Block of 7 Qub?tsr [0) : : - & L — L ‘ | N ( Tralnlng ) ( ExpreSSElb”lty ) Quantum algorithms for approximate function loading mm
Gobrel Mot Sanchez Jver Gzl Conde, nd Wik Sona 13} e 832;::’ ) —————— R T — Quantum generative adversarial T T s »
1.2 200 400 600 800 1000 0 X E . Ry(e_(kO)) [PrOC.ROY-SOC-Lond- A454 (1 998)] networks for |earn|ng and Aticle  References  Citing Articles (2) Export Citation Lﬁ\'i q % %
Atice | References  Giting Artices 2 o " = : = Ry(é'-(:"‘l)) [arXiv preprint quant-ph/0208112 (2002)] loading random distributions T et
(@) 1Bt ik (@ =05, [F =05) [arXiv preprint quant-ph/0407102, (2004)] (IBM) JR— —
——ths. Rev. Research 5, 033114@23? ® ©
e N TR T EEEEEEEEEEEEEEEREEEERES=s N

c = ' - - . . ‘

Exact unlty mappings ' Exponential cost in depth  [Quantum Information & Computation :

. . ' e C | | Volume 5 Issue 6 (2005)] - C

(needs classical pre-computation) ' OMpleXvalles . '

' e Links two arbitrary states https:/arxiv.org/pdf/quant-ph/ 1 '

R ettt ettt el el el el el s 0407102 pdf . :

 Exponential cost in ancillas L 1 : '

' [Phys. Rev. Research 3, 043200 (2021)] Sparse states (efficient) ; i | Schmidt decomposition CNOT synthesis ¢ :

1 [Quantum 8, 1228 (2024)] [Phy_s.. Rev. Lett. 129, 230504 (2022)] 1 . . Sy 30 D) :

! [arXiv:2108.06150] ' : | [Phys. Rev. A 83, 032302 (2011)] [arXiv:2401.01009] .

e e e e e e e e e e e o l. ' —— e "
Oracular Access Arithmetic Rotation angles

(ancillas for m bit precision)

Ocr 110)®" > [1)] %1y,

Amplitude Oracle
amp : [1)|0)®" — [1)]x),,
Rotation Oracle
rot |[y) |0) := sin(@) [y) |0) + cos(@) |w)| 1)

la)y|b)|0) ifa<b
la)|by|1), ifa>b

Grover (2000) rot|0)|0) :=sin(@)|0)|0) + cos(@) | )| 1)

(Probabilistic, requires AA) Efficient ?
+ arithmetic

[Phys. Rev. Lett. 85, 1334 (2000)]

Quantum query (pnys.Rev. E 103, 063302 (2021)]
[Quantum 5, 431 (2021)]

complexit Quantum 5, 463 (2021
compla)lb)|0)::{ P y [Quantum (2021)]

Grover 2 (2019)

Probabilistic  [phys. Rev. Lett. 122, 020502 (2019)]

Does not need arithmetics,
G rover inequality test instead

Grover 3 (2022) Grover 4 (2022)

[Quantum 6, 773 (2022)] [New J. Phys. 24 103004]
Improves AA Inverse-coefficient

13
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Overview

: - - ‘ ‘ ' l Grover and Rudolph (2002) Generative models
Approximated) Unity mappings ° Clustering angles! .
( PP ) y PpPIng 19 , ® |terative and deterministic . _ . Our Second ContrlbUtlon!
1.8 o 0 (010 (01, V(01K
) ) ) g(k—l)_g(k—l)‘ < % 321 ® Real valued functions -
Our first contribution! | TS g (P )| p ST T =
- i : 5 5 ! | B
1'6/ .............. D Y |0) Ry(g(ﬁ)) Q i » : Adapted VQC-
- 1.5 1 ) R,,(G(l)) ¢ ’ | — i
Quantum algorithms for approximate function loading e Block of 7 Qub?tsr [0) : : - & L — L ‘ | N ( Tralnlng ) ( ExpreSSElb”lty ) Quantum algorithms for approximate function loading mm
Gobrel Mot Sanchez Jver Gzl Conde, nd Wik Sona 13} e 832;::’ ) —————— R T — Quantum generative adversarial T T s »
1.2 200 400 600 800 1000 0 X E . Ry(e_(kO)) [PrOC.ROY-SOC-Lond- A454 (1 998)] networks for |earn|ng and Aticle  References  Citing Articles (2) Export Citation Lﬁ\'i q % %
Atice | References  Giting Artices 2 o " = : = Ry(é'-(:"‘l)) [arXiv preprint quant-ph/0208112 (2002)] loading random distributions T et
(@) 1Bt ik (@ =05, [F =05) [arXiv preprint quant-ph/0407102, (2004)] (IBM) JR— —
——ths. Rev. Research 5, 033114@23? ® ©
e N TR T EEEEEEEEEEEEEEEREEEERES=s N

c = ' - - . . ‘

Exact unlty mappings ' Exponential cost in depth  [Quantum Information & Computation :

. . ' e C | | Volume 5 Issue 6 (2005)] - C

(needs classical pre-computation) ' OMpleXvalles . '

' e Links two arbitrary states https:/arxiv.org/pdf/quant-ph/ 1 '

R ettt ettt el el el el el s 0407102 pdf . :

 Exponential cost in ancillas L 1 : '

' [Phys. Rev. Research 3, 043200 (2021)] Sparse states (efficient) ; i | Schmidt decomposition CNOT synthesis ¢ :

1 [Quantum 8, 1228 (2024)] [Phy_s.. Rev. Lett. 129, 230504 (2022)] 1 . . Sy 30 D) :

! [arXiv:2108.06150] ' : | [Phys. Rev. A 83, 032302 (2011)] [arXiv:2401.01009] .

e e e e e e e e e e e o l. ' —— e "
Oracular Access Arithmetic Rotation angles

(ancillas for m bit precision)

Ocr 110)®" > [1)] %1y,

Amplitude Oracle
amp : [1)|0)®" — [1)]x),,
Rotation Oracle
rot |[y) |0) := sin(@) [y) |0) + cos(@) |w)| 1)

la)y|b)|0) ifa<b
la)|by|1), ifa>b

Grover (2000) rot|0)|0) :=sin(@)|0)|0) + cos(@) | )| 1)

(Probabilistic, requires AA) Efficient ?
+ arithmetic

[Phys. Rev. Lett. 85, 1334 (2000)]

Quantum query (pnys.Rev. E 103, 063302 (2021)]
[Quantum 5, 431 (2021)]

complexit Quantum 5, 463 (2021
compla)lb)|0)::{ P y [Quantum (2021)]

Grover 2 (2019) ; QPE [arXiv:1912.05335] :

Probabilistic  [phys. Rev. Lett. 122, 020502 (2019)]

Does not need arithmetics,
G rover inequality test instead

Grover 3 (2022) Grover 4 (2022)

[Quantum 6, 773 (2022)] [New J. Phys. 24 103004]
Improves AA Inverse-coefficient

14
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Encoding classical information

Overview

(ancillas for m bit precision)

Amplitude Oracle
amp : [1)|0)®" — [1)]x),,
Rotation Oracle
rot |[y) |0) := sin(@) [y) |0) + cos(@) |w)| 1)

la)|b)]0)
la)|b)|1),

ifa<b
ifa>b

comp|a)|5)|0) :={

Probabilistic
Grover

Improves AA

Grover 2 (2019) :

[Phys. Rev. Lett. 122, 020502 (2019)]
Does not need arithmetics,
inequality test instead

Grover 3 (2022)

[Quantum 6, 773 (2022)]

Grover (2000)

(Probabilistic, requires AA)
+ arithmetic

[Phys. Rev. Lett. 85, 1334 (2000)]

Ocr 110)®" > [1)] %1y,

rot|0)|0) :=sin(@)|6)|0) + cos(@)|0) | 1)

Efficient ?

Quantum query (pnys.Rev. E 103, 063302 (2021)]
[Quantum 5, 431 (2021)]

complexity [Quantum 5, 463 (2021)]
QPE I[arXiv:1912.05335] '

Grover 4 (2022)

[New J. Phys. 24 103004]
Inverse-coefficient

Adiabatic state preparation
Arthur R.: Preparing Arbitrary
Continuous Functions in Quantum
Registers With Logarithmic Complexity
[arXiv:2205.00519]

Ground state preparation

[arXiv:2303.11962]
[arXiv:2306.14993]

[PRX Quantum 3, 040305 (2022)]
[Quantum 4, 372 (2020)]

javier.gonzalezc@ehu.eus

(Approximated) Unity mappings Clustering angles! Grover and Rudolph (2002) Generative models P
1.9 , ® |terative and deterministic Our Second ContrlbUtlon.
1.8 o) .
gUe=1) _ g(k—l)‘ P . (02 log f(y)) ® Real valued functions
- = = i I+1 1 =4 ves, y -
Our first contribution! | ; & y : e
I'BE—-———J .............. D ’: |0) Ry(e(ﬁ)) Q - » Adapted VQC. g
e | ) Ry (0 £ ’ | ‘
_ | 3 : 5 — E m |
Quantum algorithms for approximate function loading e g100§ 0?; 8ug12s [0y - N L X L | > ( Tralnlng ) ( xpressabl Ity ) Quantum algorithms for approximate function loading I
Gabriel Marin-Sanchez, Javier Gonzalez-Conde, and Mikel Sanz 13 —Dblock o ubits: (ko—1) mn e mn e : A Gabriel Marin-Sanchez, Javier Gonzalez-Cande, and Mikel Sanz
Phys. Rev. Research 5, 033114 — Published 18 August 2023 | .. Block of 9 I 0) ————— Ry(o ) . Quantum generat|ve adversar]al Phys. Rev. Research 5, 033114 — Published 18 August 2023 S N
1.2 oo 100 (;ZO o 8OCju 1113200 0) - - . Ry(é(ko)) [Prop.Roy.Spc.Lond. A454 (1 998)] networks for |earning and T m———— 3 3
Articl Ref Citing Articles (2) ' ‘ -(:'n—l) [aerV preprlnt quant-ph/0208112 (2002)] |0ading random distributions 2 Iy T f’ {
(8) Esier Dt (=05, 5= 05) v L [arXiv preprint quant-ph/0407102, (2004)] IBM JR— — — |
——ths. Rev. Research 5, 033114@23? ’ ( ) ® ©
. . I’ ----------------------------------------------------------------------------------- ~\
Exact unlty mappings ' Exponential cost in depth  [Quantum Information & Computation :
. . ' e (C | | Volume 5 Issue 6 (2005)] 0/ R, (8" F—¢ — "
(needs classical pre-computation) ' OMpleXvalles ) — '
' e Links two arbitrary states https://arxiv.org/pdf/quant-ph/ ) Fy (60— 1
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Continuous Functions in Quantum
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Efficient ?
Quantum query (pnys.Rev. E 103, 063302 (2021)]

. [Quantum 5, 431 (2021)]
complexity [Quantum 5, 463 (2021)]

Probabilistic
Grover

[Phys. Rev. Lett. 122, 020502 (2019)]
Does not need arithmetics,
inequality test instead

Grover 4 (2022)

[New J. Phys. 24 103004]
Inverse-coefficient

Grover 3 (2022)

[Quantum 6, 773 (2022)]
Improves AA

Adiabatic state preparation
Arthur R.: Preparing Arbitrary
Continuous Functions in Quantum
Registers With Logarithmic Complexity
[arXiv:2205.00519]

Ground state preparation

[arXiv:2303.11962]
[arXiv:2306.14993]

[PRX Quantum 3, 040305 (2022)]
[Quantum 4, 372 (2020)]
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Our third contribution!

Building block to load the linear function

(1~ )

Discrete transforms
Fourier Walsh Hadamard
[Quantum Science and Technology [arXiv:2307.10917]
(Vol. 9, Issue 1, p. 015002) 2023] [arXiv:2307.08384]
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By fixing the bond dimension, we can potentially
achieve an exponential compression by approximating

the initial tensor using @(Zn)(z) values.
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Improves AA

[Phys. Rev. Lett. 122, 020502 (2019)]
Does not need arithmetics,

Grover 3 (2022)

[Quantum 6, 773 (2022)]

inequality test instead

Grover 4 (2022)

[New J. Phys. 24 103004]
Inverse-coefficient

Adiabatic state preparation
Arthur R.: Preparing Arbitrary
Continuous Functions in Quantum
Registers With Logarithmic Complexity
[arXiv:2205.00519]

Quantum Walks
[arXiv:2405.20273]

Ground state preparation
[arXiv:2311.03347] :
[arXiv:2303.11962] [PRX Quantum 3, 040305 (2022)]

[arXiv:2306.14993] [Quantum 4, 372 (2020)]

For an arbitrary polynomial the maximum

k\ bond dimensionis y = d + 1.
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