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Quantum Machine Learning for Classical Data

o d-AY HO|EE n-FHEZ YT L #2:

x € RY

v

SVM with classical vs. quantum kernel: Performance comparison

Data Glass| Yeast | Breast Cancer | Diabetes| Dry Bean
No. of features 9 8 30 8 15
No. of training data| 116 | 320 455 614 560

Glass Identification
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Breast Cancer Wisconsin

PIMA Indians Diabetes

Dry Bean
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Classical Quantum

Classical

Quantum

Classical

Quantum
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Quantum Qassical

Quantum

Linear model Nonlinear map

\ /

QML model: fiw,x) = W ®(x)

My 2E stE MER SVM (012X JE0| 248)
« Case 1) n = log,(d):
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Generative Modeling via Quantum Annealing

« AX0{L2] (Quantum annealer):

v

Sparse RBM Training

Intel 19
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Validation error

— Als)
== B(s)
= Physical temperature |1

=H() ly(1)

o md ly(0)
dt

H(t) = A()H, + B(OH,

Sohton

‘Adiabatic evolution

(GHz)

Als) B(s)

Energy
h
>

1 epoch runtime: DQC ~ 4x faster Qubit

=8 PCD 0 02 04 06 08 1
~#- DQA (no rescaling)
- DQA (rescaled)

Connectivity

BM

G Kim, ] Gym, D Park. arXiv:2509.09374
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Inverse Molecular Design via QC Hybrid Generative Learning

Brief Communication = Open access = Published: 22 January 2025
Quantum-computing-enhanced algorithm unveils

potential KRAS inhibitors

Mohammad Ghazi Vakili, Christoph Gorgulla &9, Jamie Snider, AkshatKumar Nigam £, Dmitry Bezrukov,
Daniel Varoli, Alex Aliper, Daniil Polykovsky, Krishna M. Das, Huel Cox lll, Anna Lyakisheva,
Ardalan Hosseini Mansob, Zhong Yao, Lela Bitar, Danielle Tahoulas, Dora Cerina, Eugene Radchenko,
Xiao Ding, Jinxin Liu, Fanye Meng, Feng Ren, Yudong Cao, Igor Stagljar &, Alén Aspuru-Guzik 3 & Alex
Zhavoronkov &1

Nature Bic (2025) | Cite this article
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Quantum Eigensolvers: Why it Matters?

l/’() = Hitw(?) # Chemistry & Materials
® Molecular properties

H(t)l//(t) = E(t)l//(t) » Core to drug discovery, battery and new materials research
& Physics

Nature isn't classical, dammit,

and if you want to make a ® Quantum many-body systems

simulation of nature, you'd better
make it quantum mechanical...

» Central to exploring new physical phenomena
el Optimization
®m Map combinatorial optimization to Hamiltonian eigenvalue problems

» Applications in logistics, finance, network design, etc.

Two possible directions for addressing quantum problems via classical ML models

o

» Quantum computer provides training data » Quantum computer evaluates objective function

© 2025. Kyungdeock Park Al rights reserved.

Generative Krylov Subspace Diagonalization

o 815 OI0JE]: OfH AJARU(GHELIQHOf CHal D|2] AlLtE 22 37|2| SiE oflA] « FAHHFE|7}CIOIE HIS
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15-qubit simulation 20-qubit experiment
1D Heisenberg Hamiltonian: H(f) = z JiXX;+ Y,Y; + ZZ) 1D XXZ chain: H(f) = Z XX+ YY) + ZZ;
ij ij
° —— Ideal ’

—=— Transformer
—— Mamba

14

12

2 4 8 10 12 14 0
Krylov Dimension ibm_fez Transformer Mamba
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Neural Decoder for QEC

o C|TT2 M35t W27 0|20{Xof 3

=

Learning high-accuracy error decoding for quantum
processors

Johannes Bausch &, Andrew W. Senior &9, Francisco J. H. Heras, Thomas Edlich, Alex Davies, Michael

Newman, Cody Jones, Kevin Satzinger, Murphy Yuezhen Niu, Sam Blackwell, George Holland, Dvir

Kafri, Juan Atalaya, Craig Gidney, Demis Hassabis, Sergio Boixo, Hartmut Neven & Pushmeet Kohli

Nature 635, 834-840 (2024) | Cite this article
a.k.a AlphaQubit

e -

jco data
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o OX} Q2 HE(QEC)S &HAHM 9| = OFXIZZE] JjHto]| ZlA

0.0450

0.0425 —

0.0400 [—

Mean LER

Varbanov et al. (ref. 36)

AlphaQ

MWPM-Corr

LSTM 200M

MWPM (PyMatching)

3
:
4

3

Code distance

I, Great performance, but inference yet too slow for real-time decoding

MWPM-Corr

MWPM (PyMatching)

Neural Decoder for QEC

* AlphaQubit=Ct H 7HH2 ML-7|gt C|2EHE

S o5

* Code distance d0fl (2 FE A7t AAHUY:
« Attention-7|8t (e.g. AlphaQubit): O(d*)
= Our method: O(d?)

= A 0|2

US = ASN?
ol
NS

0.000301 —— MHAttention block
—§— Mamba block

0.00025
0.00020

0.00015

Time (s)

0.00010

0.00005

0.00000

3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39
Code Distance

o OF7tO| Mt AMO| QIHEIT, O W2 C|2HE 71|

Mean logical error per round

(SyndromeTransformer
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Conformational Space Annealing (CSA)
=) > 2
- §M Ue|E(HH0], X}
- oA F| &9}
. COY
. 12| HH (3 Aole] 742])
A 21X 0| = {CASP experiments}
X-ray 0IOIE > Z3 32X
NMR Q0I5 > ZZRE
MBS
LJ clusters
QB 21
BHSEZ 0 (Action-CSA)
2)|s4 SAR-E
% o . - e 3
et TR T e e i R KRISS

AMADEUS = 1 & &

AMADEUS (4b initio MAterials DEsign Using conformational Space annealing)
Random configurations .| Define D, 1 . :
Local optimization Dot =0.5D,, AL R

]
Crossover/Mutation Yes| Reniacement
Sorted configurations |-»{ Local optimization |- P
S . Reduce D
Objective function

Stop

New type or
lower objective
function?

cut

A

A

Discard configuration

o %%}
i L by
EdME
« Ta N Hg)

AYga HATE A4

https://github.com/inholeegithub/winter2022/tree/main/amadeus ¢ S
Comp. Phys. Commun. 203, 110 (2016). Phys. Rev. Lett. 91, 080201 (2003). K RI — S
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.. Encoder, . Decoder, =
2 Neural network {n} Neural network =)
z ~N(mean, deviation)
sampling— — — — — — 5
*| known crystals database RDFs VAE  ——{ replica RDFs }
no yes ;
stop «— «~—{ save crystal ~—— RDFs [— crystal generation
yes no
https:/github.com/inholeegithub/winter2022/tree/main/rdfsearch
Comput. Mat. Sci. 194, 110436 (2021); Comput. Phys. Commun. 292, 108889 (2023). K R I § S

v.)

o, [
Hi

) 55“\\
L' <3 / \\

/ .
4 ///\v

Y o
L ,
Si(SC) Si(111),
Seiwatz chains n Si(111) bilayers
(half monolayer)
MRAE 28 » Si(111) &, Seiwatz-chain S
10F Sy NEAE MEW HEa>s
. .EA‘
09| \‘x A‘252,3

o
=

o
e

Conduction band energy (eV)

o
o

O N
10 11 12 13

6
Sci. Rep. 5, 18086 (2015). KRI § S

wWFET
Ny =
o
o
~
S OO
o

« 15




Hi35| Al x Physics): A}, £F, SFE CiA| AL}

HIRE, BE4 AHEH

Si(111) _5/81(SC)

> ZE&2 H%: GaAs, CdTe, CulnS,
> Spectroscopic limited maximum efficiency (SLME) =27% ~31%

Shockley-Queisser limit 33.7%
CulnSe, =27.9%

> BB ATY

Sci. Rep. 5, 18086 (2015).

10° ¢
[-eeee GaAs (expt.)
F----- CdTe(expt) ) /.
A0 e CulnS, (expt.)
£ [oeeee- a-Si (expt) ”
= ¢ L= CSi(expt) ;Z—"
EE .
E A
[} 3 '
gWE / :‘ ¢-Si (calc.)
15 ! i ——n=3 (cubic)
B0tk i ——n=4 (cubic)
§ ¥ P ——n=5(cubic)
< [/ 1 ! ——n=6(cubic)
105 1 i ——n=7(cubic)
i I 1} —.=.n=5hexagonal)
100 [ ) I ! L i 1 1 | 1 | 1 1
0.5 1.0 15 20 25 3.0 35
Photon energy (eV)
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BHEAH: 5.6 ~5.9¢V, 210 ~221 nm
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Z C(5-7) C(100),

(c) n =2 (type-l)
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C(5-7) C(100),., C(57) C(100),

Phys. Rev. B 93, 085201 (2016).
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Phys. Rev. B 93, 085201 (2016).

| HERF
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> sp?,sp’ &

> M22 ANSE n-Cy)

* monoclinic C2/m space group

= 8 atoms per unit cell

B
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NPG Asia Materials 9, 361 (2017).
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> SINEE =4
* Protected by inversion and time-reversal symmetries
* Nontrivial Z, topological invariants (0:111)
> HE A
* Drumhead surface state

Job
Jim

A IO AMEH

Oy —_ O

6
5P~
4
%3' /
ot 4p*
>
O 5P3 A,
(0]
=] e o i | T R N |l
I.U_1_ A
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'3r YF L I' Z T XXY

(110) Surface BZ

1
NPG Asia Materials 9, ¢361 (2017). KRI § S

A0 Z=€= 2

Si(110)y,  Si111),  Si(110)y,

Si(110)y_ Si(111), Si(110)y,

J. Phys. Chem. C 123, 1839 (2019).
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N=2

15
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"X Y FX r N
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i
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N

» The band inversion occurs for N > 4

J. Phys. Chem. C 123, 1839 (2019).

0),/Si(111)

(010) surface BZ
¥

>~

G,

Energy (eV)

> Topologically protected (010)-surface band 3
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H

P6/m-NaSig P6/m-Sig

DI

o =

P6/m

Na atoms along open channels
S2/AL0AM Y

A
o=

YV VYV

Phys. Rev. Lett. 120, 157001 (2018); Phys. Rev. B 107, 115127 (2023).

Simple hexagonal with open channels

M P6/m-NaSig, P6/m-Sis

T, 95 =Y

== P6/m-NaSig
-~ P6/m-Sig

10
3
N °
6
4
2 | |
0 5 10 15
Pressure (GPa)

UM ZHEH
= 13.1 K for P6/m-NaSig

>
. 2.2 K for P6/m-Si

T,=1
L=

KRISS
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Energy (eV)

Energy (eV)

Phys. Rev. Lett. 120, 157001 (2018); Phys. Rev. B 107, 115127 (2023).

Energy (eV)
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Energy (eV)
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Energy (eV)

'Sxp

G
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E (meV)

G
£
3

eV) & E (meV)

4840

https://www.youtube.com/watch?v=4vw6w VP8 1No&list=PLTIv6N2kNYZamqDqPdGSBDN1Gc6rW-KET&index=11
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5G Antenna Array with Metasurface

50 pm thick flexible polyethylene terephthalate film

6 pm thick copper foil

IEEE Access 9, 29764 (2021); Appl. Phys. Lett. 119, 174101 (2021); IEEE Ant. Wir. Prop. Lett. 23, 1536 (2024); J. Appl. Phys. 137, 213108 (2025). License-out

[FHZE 2] A 285t 23 A7/AXt 44 ¥ HY =3
MEFES & 5G 22|06 It ;

N
f(f) = Z | ];urgel(vk) - TEM(Vk;f) | .
k=1

Bandpass Filter Characteristics
8100
:
S /) |—  Target \
£ --=- EM Simulation
Frequency (GHz)
(b)
Bandstop Filter Characteristics
3100 \ | Target '
g A\ +==- EM Simulation | //
%
)
Frequency (GHz)
(©)

KRISS

googol= 101
0

[] 1meducible Zone
[] Metakfied Edge

Bandpass N Bandstop
L1 -
810 810/ #l,
3 3 \
e e
£ £ ‘ ) K
i i
830 pkfjz g%
= ~— Target = | — Target
™~ —— Simulation | = Simulation
2 24 26 28 30 3R AU 26 27 28 29 30
Frequency (GHz) Frequency (GHz)
(a) (b)

Bandpass
0 p
o |
S 17
] |
c
g-w
€
2 | —TE0=0° -- TM,0=0°
© | TE0=10° -- TM,0=10°
Fo =T 0=20° -~ M, 0=20°
20— TEO=30° -~ TM.0=30° \
24 26 28 30 32
Frequency (GHz)
(a)

IEEE Access 9, 29764 (2021); Appl. Phys. Lett. 119, 174101 (2021); IEEE Ant. Wir. Prop. Lett. 23, 1536 (2024); J. Appl. Phys. 137, 213108 (2025). License-out

Bandstop

o

N
o

Tra_nsmitt_ance (<.18)
8 S

26 28
Frequency (GHz)

(b)
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()

[0 Metal-filled State
D Empty State

[[] trreducible Zone
{” Metalfilled Edge

(b) o

Transmittance (dB)

(o

28/39 GHz Dual BPF

5

[
S

s
S

26 28 30 32 34 36 38 40 42
Frequency (GHz)

28 GHz BPF, 39 GHz BSF

R
~ %5295
g0 R
s 3
8
-1
£20 /A
- A
g
g
g 30
[[] Metal-filled State E -30
[[] Empty State — Rﬂrgcl .
Dlmdncibklone 10 - ,R.m S
{7} Metal-filled Edge il 200k 2 36 3
Frequency (GHz)
(t) 28 GHz BSF, 39 GHz BPF
0
a D
D10 >
e \, /
g N 28
s s /1
g2 \N—¥
2 (O
Z N ¥
=1 oy
[0 Metal-filled State £-30 [
[[] Empty State ' — Target
: i --- EM Simulation
[[] trreducible Zone 40— P e
") Metal-filled Edge 26 28 30 36 38 40 42
Frequency (GHz)

IEEE Access 9, 29764 (2021); Appl. Phys. Lett. 119, 174101 (2021); IEEE Ant. Wir. Prop. Lett. 23, 1536 (2024); J. Appl. Phys. 137, 213108 (2025). License-out
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I B¢, HItiE &

5
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|S21] (dB)

1. Appl. Phys. 137, 213108 (2025).

Frequency (GHz)

(d)

(¢)

Frequency (GHz)
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30 35 2 30

Frequency (GHz)

®

10

KRISS

° 22 o




[FHLE 2] AIE

283 Y HF/AR

%2
0x
e
ﬂ&

Lkl

b (i > (b):- ; M A
] | | S= _f’

Il {l] e

\\\““M\\\ J“‘/;‘l///“‘l AN FOM =
A R S FWHM '

21
1. Appl. Phys. 137, 213108 (2025). K RI § S
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Laser printer

AFM/STM/STS
CT
MR

Raster Scan

SEM(scanning electron microscopy)

« Quantum gates(single electron transport)

https://web.cecs.pdx.edu/~jeske/litho/scanning.html
https://en.wikipedia.org/wiki/CT_scan

https://en.wikipedia.org/wiki/Magnetic_resonance_imaging

Motovlud
Table

ionizing radiation

computed tomography scan (CT scan)
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k-E Q1 E (KNN) &l #: Ofn)

kNN classifier | k=3

Classifying a single test point Drawing the decision surface
[ ] ‘ o =
. . B Ny %2 SO KNN3 BYE
° ° -
¢ v ¢ . > HIOIX =&

9 . g —

e = ° ¢ > ¥ E, o

[ ] [}
[ ] °
X1 X1

Gaussian process(GP): O(n’)

p(f |¥) ~ N(f|i K)(normal distribution, mean : fi, covaraiance : K).

¢

p(f| X . )

N(f:, | (2., K.) (normal distribution, mean : i, covaraiance : K,),

=

@ = K'K'f,
K. = K.-K'K''K,,

23
https://en.wikipedia.org/wiki/Gaussian_process
https://en.wikipedia.org/wiki/K-nearest_neighbors_algorithm#/media/File:KNN_decision_surface_animation.gif K RI § s

Ol Xl !

—0.05 1
-0.10
-0.15
25 S50 75 100 125 150 175 25 S0 75 100 125 150 175
-0.20 A Y,
Set target Spiral sampling
-0.25 A -_) b ol ) and ! skip=30
m fine grid training of (e.0..10x10)
ELEIER) regressors
-0.30
Predictions on the coarse
~0.35 4 grid
Grid sampling and training of
-0.40 T T T T T T T reQgressors if variance s large
-0.40 -0.35 -0.30 —0.25 —0.20 -0.15 -0.10 —-0.05

I Predictions on the
Yes " 5
target fine grid end

(e.g., 300x300)

24
unpublished (2025). https://github.com/inholeegithub/Bayesian_Inference K RI § s
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= Ao 2EE On)
Raster scan S &(SEM, AFM, STM/STS, CT, MR1, ....) 1207 0 on
HOlL =& 82, =4 00 O e
Gaussian process(GP), k-Z| 21 & (KNN) regressors 2 80
Om) vs Om3), 2 27/° GI0/Ef (n > 5000) £ 6o} : N Y
Ewl O "
= e
201 & &

1000

ooV,

s
130
s
10

9000

17000 25000 33000
Data size

‘;j‘“ 25
unpublished (2025). hnps:f/github.com/inholeegithub/Bayesianflnference K RI § S
Z2E
« A XN, MH DE (A 2E OfEY)
i Z/BR| AT LED AN 0SS AK
o P48 ARF] A S T A T
s BIEHES A3 (5G, M) —
» J=olls, Jr52ekE raster scan ..
N ) -~ i \\\
) A%
https:/github.com/inholeegithub/winter2022/tree/main/amadeus
https://github.com/inholeegithub/winter2022/tree/main/rdfsearch
https://github.com/inholeegithub/Bayesian_Inference
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[FHEE 3] R MEQZEE

© David Parkinson

Machine Learning

® All results should be lead by physics

® Software is no replacement for physical
understanding

BRSO =8 2%

i 20 ==0| == 3F

| YT 22 AHLE0 OF g2 1)
* YEO|LX

. 22 352 FEN OI7(|‘jr =8 22FS

* qu ;q_gg _of0| 72| £
* EF%FQI A0} =

Techniques (examples):

1.Classification/catagoriszation
® Support Vector Machines
® Naive Bayes
® perceptron/CNN
® Decision Trees
2 Clustering
® Hierarchical
® K means
® DBSCAN
® Density
3.Interpolation/Regression
® Gaussian Process Regression
® Kermnel Ridge Regression

® Multivariate adaptive regression splines

[AICH, AIZ EH ©9]
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E E1

Al ZAH)I&

AIE E8¢ IX=E ORIl

- FEZS qu1AHQ A2 PFEATA7T J2(Chiu et al., RMP, 2016). A=A = YA Fo|HA
A0 HEIARI migeht YRS 2 Qlo], 7ol B agl= IFAEFE e S g4=
FE 7kS(Kitaev, Ann. Phys. 2003).

- HEZLS 12T dEA JAoE o]lEFo= HwE 4L #A.

- 23y dRAR 22 B SRS de =29 72 d5cke A2 1S ofEs.

AIE &8gt &% 24

s}

- &A1, 5G mmWave $4& FHAIE HetEH A &84

rok
02

KEFE W

AIE &2

- A7 FRFE N dANA 7P 2 ojHe2 YA FEA A A(Google, Nature, 2023). =4
ol9] 7|&4 ol& Qok, YALF diy IYo| F AAREEI 11 ALKZES 858
- AIE &85} o|gst A= tIFY HHL HAF} S 4 -S(Bausch et al, Nature, 2024).

= =0

- o] Yoj= FATLH(Alam et al., njp QI, 2023), FALILEF 7ol 28,

AXIAI

- FHFES ol8et Al A A 7 2 JAEol gl
- JAAFHE 0|83t AEF o g AquIgF B} fARIS I A FANVakill et al. Nature Bio. 2025).

BEA7Y A-SE 76 g54802 sojus EXERE AR Y wdg Fdsh| uf- oL
- B9 FAEFE(diabatic quantum annealingle YAEFE WA oH 5. FAHTE YAl &

AEIEA AT WAl vls ZeTeo] wie- hdsial st Aol 29k Alash & Lidar, RMP, 2018).

=
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felake]
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QIXIAl ALY E2|8tK}o| A&l
- A} 84 252 AL 9bAskT Ax|o] We AjFSo| dusls thE okARE
ek, EEshts R SfoF B
1%0] W3t 3] LA EAjo] B FRo] ALY WHOR Tha] HApsHE AL Tha ofoleiUig
A5l XA 91, FEkA HLo] 7Rs3h
£edelof 7|uhg £ 712 deld Hond § agd

olet AT ¢4
gelg(ddd3) | 7ASsE F

4 4+ Y= EA7F 2% Huang et al.,
adt= 1 X}Zﬂi SH|=

3t ASo]
Nature Comm., 2021; Huang et al., Science, 2022)
wak ofje}, AlA] Foa Beietd e

- A e 20 bigt ol8
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ARt - (+ et AR (+ Vet YR R AR
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X2 HAE HEstd. #ojF 0|8
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Electroweak
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o particles D proton

wt } heavy particles neutron
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3 UM} 7157 LHC

257|7HAHEES| HOR YRS 20| 27knol| 0| 2= Y4APZE M2

40 09.0397HX| k4 it ALICE S HOR St ZSHRIN Ly

o4 A5t L ol2zt 2R PAR o] M3ha xygistn pix) A
37| Q= QRS 0| Ehaic,

2 olTL= g
N 1 RIA0| AHAIOIN $40) 28 FH7|ZS

o
TH o

A ZOM FHI QAIXHS lodchc, H |3
g:l'l-'- (CERN) I AP|LOR YMXIS XE, W AT

9| 3LA%7IR| 7442t 51 714 70) it Z0|2E FH4pict,
YXI7I571(LHC) 7k8 =M 2 SAEY(ISY) ST YR 7157
200m 2019 2102 FYIE U4 XBH40mOl Q= U 714712 W A%

9| 01.6%71Hx] 7148 LA At 7147 299.9998%7Hx| YEXKS 7i&ptct,
2 Huict, <1 S 71502 LiO| LHCO| A2 Bich
Sl — _ $802J148 YIS B

e Eiea

ZSEE e ——=

CMS e oE &efiolE -

Compact Muon Solenoid

3871t} 3600 2fafxt &0
ATIASECHIHME 7|=8 AF8, 32|= Efx| 2t

S B LIZHCE X 15m, 20| 2Ime ATLAS
9| Ak 27|x|2t 2= 122500682 FhHof

742t HE H|E7| 30e)2| LA[RFE|<ot,
O/ e 22 9| SBHO|ct, o] =0 247 7| bef=
A 2%|0|= xS eA| A Est2| Sied 2=t
Fxt 0] £0{ Qlch
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The Worldwide LHC Computing Grid (WLCG) - CERN

H MA G| A JEIE 4

- CERN H#4

HE o'% A2 -'r“ioP CHEX Q1 0f : CERNS| WLCG
= XA HEE 7|50 M40]7| = SiCt,

20218 TAH[A H0]EE Hlu

CERN LHC raw H|O|E{
E 2| (Trigger)t7|

v Big Data sizes in 2021 m
5 100 T objects stored
in 83 up to 2021 (5 MB)
2
140 M hours/day
iMm of streaming (1 GB)
g OfOFE B M| A
€ 71k B e-mails sent from (M)
100k 2020-1010.2021-09 (75 KB)
o s
J
o 2 ; 500 EB
N 240k photos/min.
D 40k shared in 2021 (total) é’
= (2mB) =] =
e} 60k B spam
2 5 e-mais(5 KB) 51.1k PBly /‘: CFRN hg
60 GB/s WLCG
2 transfers in 2018 HL-LHC real
5.4k PBly 1.9k PBY data expected in 2026
1000 65k photos/min.
GYanbe shared in 2021 LHC real
5 ; 1200 PBly
733 P8l (2 MB) datain 2018 800 P
2 HL-LHC Monte Czarké
-~ data expected in 202
100 . P"’V 263 PBYy mreey  |(6) ) 240 pBly
160 PBly
5 720k hours/day
of video uploaded (1 GB) : 19:;3 M :e‘":w; - 68 PBly 62 P! ?050‘;1‘"(02"1?5; LHC Monte Carlo
+1. paid subs in n . data in 2018
2 (1.5 GB and 500 GB, respectively) - ©Luca Clissa (2022)
10
https://datapane.com/reports/dkjK28A/big-data-2021/ source

0500




36U M S AXIE 2| AP A (CERN )0 A
Ol E{ 5ll (World Wide Web, www) EHel

Sir Tim Berners-Lee invented
_the World Wide Web in 1989.

T L TR

+ 51 -



Hi35| Al x Physics): A}, £F, SFE CiA| AL}

Computer Physics Communications 49 (1988) 429-448 429

North-Holland, Amsterdam =
0[0] 1980 HE0 04X =2
20N HO[HEAM A0

Ol DAl 4O Al Ll HIE|
NEURAL NETWORKS AND CELLULAR AUTOMATA Q- Og_(l}l deis) S
IN EXPERIMENTAL HIGH ENERGY PHYSICS 7|=0[ 0| &&.

B. DENBY

Laboratoire de I'Accélérateur Linéaire, Orsay, France

Received 20 September 1987; in revised form 28 December 1987

Within the past few years, two novel computing techniques, cellular automata and neural networks, have shown
considerable promise in the solution of problems of a very high degree of complexity, such as turbulent fluid flow, image
processing, and pattern recognition. Many of the problems faced in experimental high energy physics are also of this nature.
Track reconstruction in wire chambers and cluster finding in cellular calorimeters, for instance, involve pattern recognition
and high combinatorial complexity since many combinations of hits or cells must be considered in order to arrive at the final
tracks or clusters. Here we examine in what way connective network methods can be applied to some of the problems of
experimental high energy physics. It is found that such problems as track and cluster finding adapt naturally to these
approaches. When large scale hard-wired connective networks become available, it will be possible to realize solutions to such
problems in a fraction of the time required by traditional methods. For certain types of problems, faster solutions are already
possible using model networks implemented on vector or other massively parallel machines. It should also be possible, using
existing technology, to build simplified networks that will allow detailed reconstructed event information to be used in fast
trigger decisions.
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