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Quantum computing solves advanced
computational problems by
leveraging quantum phenomena to
process information and make
calculations.

Enterprise use of quantum computers
is expected to ramp up over the next
several years, likely growing
dramatically within a decade with the
appearance of fault-tolerant quantum
machines.

Quantum
communication

Quantum communication creates
secure, theoretically tamper-proof
communication networks that can
detect interception or
eavesdropping.

Several quantum communication
networks either have been deployed
or are in progress, but it likely will be

several years before they can
overcome the unpredictability of
quantum particles.

Quantum
sensing

Quantum sensing devices provide
higher responsiveness, accuracy,
and performance than conventional
sensors, due to the nature and
sensitivity of subatomic particles.

Quantum sensors are available
today for limited production use
cases and their availability and
capability likely will increase
substantially within five to 10 years.

Source: Deloitte analysis.
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History of Development in Computing

Computing Milestones: From Valves to Qubits

1940s-50s 1980s—-90s
>

1960s—-70s 2000s—10s
Quantum computing
Transistors & PCs, Internet Mobile, cloud, promises exponential
VLSI and WWW loT & Al gains in chemistry,
optimization and ML.
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Application of Quantum Computing

Quantum Computer
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Quantum and Quantum-inspired Hardware
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® A device that harnesses the quantum phenomenon such
as superposition and entanglement.

Classical Bit

Four Classical bits represent
1 out of 24
possible permutations

1 bitis1and 0 Four Qubits represent
all 24 out of 24

possible permutations




What is Quantum Computer
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Quantum

Computing

Calculates with qubits,
which can represent
0 and 1 at the same time

Power increases
exponentially in proportion
to the number of qubits

\_

Quantum computers
have high error rates and
need to be kept ultracold

|
o
+9

Well suited for tasks like
optimization problems, data
analysis, and simulations

&7

Classical
Computing

—o o —

1

Conventional

digital signals

digital bits: Oorl

Calculates with
transistors, which can

represent either 0 or 1 O O M bits: only one of
2M hit-saquences is
available,
Power increases in
a 1:1 relationship with g
the number of transistors sequentisl
computatons
— 00—
Classical computers have 1
low error rates and o after 1000 years...

can operate at room temp -ElfqlJiIE di answer

Most everyday processing ’
is best handled I ‘

by classical computers

qQuantLm
CompUtation

ina bhnk..

Quantum

guantum bits (gubits): 0
0, 1, or superposition

sperposition

r = r -\.- Y
R V]
LAk = = |
vl Yo
Ll 2 "l

© % Nbits: all of 2¥bit
%, SEqUENCEes are

ol

%, availablein parallel.

-
-

-
=

T
S—r parallel computation using

guantum effects

[P AN PLSIE PRRES - entanglement
* quantum correlations
" « mterferance effects
L |
- P

—

2.g., amplitude
ampdification

extremely high-speed algorithms

Grover's algo. for searching an unsorted database
Shor's algo. for prime factorization

https://phys.org/news/2014-03-entangling-atoms-optical-lattice-quantum.html

&5 CBINSIGHTS




lons

ICat

Appli
of Quantum Comput

2

00
-




I CYGU e

Who could create value with quantum computing?

Estimated value at stake'

High Medium Low

Distribution of quantum-computing use cases, 2019, %

Near term Medium term Long term

Global energy and materials

Advanced industries

Pharmaceuticals and medical products

Telecom, media, and technology

Exhibit 2 - BCG's 2021 Forecast by Use Case Category

1 Quantum-advantaged
mathematical function

4 Computational problem
types

Simulation
Px ($175 billion-
oY)

0O $330 billion)

Pharma: Drug discovery

£40 bBitlion-$80 bitlion

Agrospace: CFD

Sparse matrix math

Optimization

@ ($100 billion-

y
= &0 Milham
y $220 billion)

Finance: Portfolio
Optlml zation

§20 billion-$50 billion

Machine learning

A ($95 billion-

KR $250 billion)

Automotive: AV Al
algorithms

Up 1o $10 billion

Cryptography

"l,:};:.f| ($40 billion-
N »

>~/ $80 billion)

Government: Encryption

_ Public/social sector, professional services $10 billlon-5$20 bitlion and decryption
Ch : Catalyst des) Insurance: Risk Finance: AML and 320 blition-3$40 billion
Healthcare systems, services ngh-valuc fr.mst:ryi afa Vs ‘ fmgn management anti-fraud
industry ’“‘”[:(I"_I“AJ'IL[‘]”JI‘ $10 billio "i-" ) billon s)ll[, lion-=530 bitlion

Travel, transport, and logistics

100+ use cases

Energy: Solar conversion

-Inwance (S1zing at tech $10 billion-$30 billion Logistics: Network Tech: Search/advertising
maturity) . . optimization optimization
Finance: Market simulation $50 billion-$100 bilior $50 i Saaise
£ O b on-%$100 bittion S50 Dilllon-=S100 briihion ’ -
(e.g., derivates pricing) Corporate: Encryption
$20 billion-$35 biition and decryption
Aerospace: Route $20 billion-$40 billion
P Other use cases
Other use cases optimization 3 ; :
)5 billlon~$110 billion
'S billion-$11S billion $20 billlon-%$50 billion v

Sources: Industry interviews; BCG analysis.

Note: AML = anti-money laundering; AV Al = audiovisual artificial intelligence; CFD = computational fluid dynamics.

How will businesses use quantum compute

1. Cut development time for chemicals and pharmaceuticals with simulations
2. Solve optimization problems with unprecedented speed
3. Accelerate autonomous vehicles with quantum Al

4. Transform cybersecurity
S Y
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QC presents a $1T to $2T opportunity, with rapid
acceleration expected in the coming five to ten years.

Freliminary

Industry

Key segment for QC

Economic valua: n Low m Medium m High

Economic value’ Deep dive next

2035 market size,

~2030-2035 § frillion Value at stake with incremental impact of QC by 2035, § bilion

Financial industry’

Financial Services

Global energy &
materials

Travel, transport, &
logistics

Pharmaceuticals &
medical products

Qil and gas
Sustainable energy®

¥

Cheamicals

Traval, lranspart, and
lagistics

Pharmacaulicals

¥

¥

¥

Advanced
industries

Insuranca

Autamotive

Aprospace and defense

Advanced eleciforucs

Semiconductors

Irssurance

Telecommunications,
media, & technology

Taleconmmunications

Madia

&
B
=

"Quanturm cofmpuling technologies and induslry is immature and has high uncedainty for viabilty and valus of use cases. Business-vallie eslimates afe preliminary and intended o guide reseanch loward high-value-polantisl areas, nol as
chafimkem progections for business valug, Insurancs is net ncludaed
Sustainabla anergy markat & axpacted io grow rapkdly from 20@2-3035; howavar, the 2035 market 5@a |5 influenced by numanous facions and challenging to predict

Sowrca: MeKinsay analysis; Oxford Economics

Quantum Technology Monitor 2024


https://www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20digital/our%20insights/steady%20progress%20in%20approaching%20the%20quantum%20advantage/quantum-technology-monitor-april-2024.pdf

BN CYCU N
Application of Quantum Computing in Finance

Learning from Nature
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Quantum Computing - Real-World Impact

Hybrid Quantum Stack in Action
Financial Portfolio Algorithmic :

Modeling Quantum Simulation | Quantum Machine Learning | Optimization

iriware [ @ imener [ crcimesoc [l srunctscir Wi
(D-Wave) (IBM / Quantinuum) J con P (NVIDIA)

Applications
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Financial
Modeling

Portfolio Frau.d
Optimization detection

o

Algorithmic
Trading
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Portfolio Frau.d
Optimization detection
\\ Algorithmic /
Trading
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Financial Modeling
MOTIVATION

Why the financial market is super uncertain?
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MOTIVATION

Design a quantum model that simulate = e | H
various investor sentiments to simulate the == =
distribution of short-term prices SO L TR R 8 —— |l &= &

t“ Advancing quantum state preparation %
H approach for qguantum ML '

/ [yy) =U(6)|0) ! .
O U(6):Evolution operation »-

|1/)f): The specific quantum state that encodes the
probability distribution of financial market outcomes
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Discrete-Time Quantum Walk

Hilbert space of quantum walk H = H. ® H,,, where H, is the coin Hilbert space
and H,, is the position Hilbert space.

W=5C

$= 1 ® ) Jx = 1ixl + N @ ) [+ 1)xl; o .__ DEC
x X u L _ i »

=
cos(l)  —eitsin() L
o U [ DM O & 1
At i(p+A) i
e“’sin(z) e cos(2)
e 2 dz —& 0 _ q: 3 o
W) = WV [§y);
A\ S ds e l g3 a
<+ttt
—5-4-3-2-10 1 2 3 4 5 chits = bo ¥1 §2 ¢

- N—> QUANTUM CIRCUIT
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Introduction-Quantum Walk

Quantum walk is The discrete-time Tuning a QW's
the quantum guantum walk coin operators
vers(ijon of cllakssicgl (DTQW) and the anCd ﬁ?arfor(‘/ie&fers
ranaom walk an continuous-time - :
harnesses the quantum walk f|e>]§§?f|gorrr%odlgimg
oroperties of (CTQW). systerﬁs
quantum

mechanics to

simulate the

dynamics of
systems.
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Discrete-Time Quantum Walk

Hilbert space of quantum walk H = H. ® H,,, where H, is the coin Hilbert space
and H,, is the position Hilbert space.

W=5C

$= 1 ® ) Jx = 1ixl + N @ ) [+ 1)xl; o .__ DEC
x X u L _ i »

=
cos(l)  —eitsin() L
o U [ DM O & 1
At i(p+A) i
e“’sin(z) e cos(2)
e 2 dz —& 0 _ q: 3 o
W) = WV [§y);
A\ S ds e l g3 a
<+ttt
—5-4-3-2-10 1 2 3 4 5 chits = bo ¥1 §2 ¢

- N—> QUANTUM CIRCUIT
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Discrete-Time Quantum Walk

For example: |2) = |0010) (|93929190))

INC

10011) = |3) 10001) = |1)
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Preliminary Experiments on DTQW

n=zl Sbx=l oz=lo 5

1.0- — 1.0- — 1.0 w=

0.8 = -
_4? 43\0.8 >\0 3
506 50.6 0.6
Qo 3 ©
80.4 80.4' 004
D. Q_ E

0.2/ 0.2 I I 0.2

-6 -4 -2 0 2 4 6 Y 6 -4 -2 0 2 4 6 O " "4 o 0 2 a4 6
X X X
1
W(0)) =11 & [x=0) PO0)=—=(\)+| 1) Q |x =0) P(0)) =1 ® |x =0)

V2




_ T CYGU e

Demonstration

W=S®X,[¥(0)=[|1)Q[x=0)

1.01 —
_4?0'8- o W) =CRX)(I) R |x=0)) = ST v =10))
T:;O-ﬁ‘ =(INH® = 1))

204 PRH=CERXNUN®x= 1) =5 H Q[+ = 1))

0.21

] : | =(| ) ®x = 0))

0026 4 2 0 2 a 6

X WRk+1D))= (1) ®r— 1)

P(0)) =11 & |x=0)

W(2k) = ([ 1) & [x=0)

X|T) =), X)) =T)
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... ... Demonstration
Exercises: Xon |[#(0))=|1T) Q |x = 0) and \/—%(Il) +|T) X

Lo[=iz W=S®X|¥0) =" |x=0)
>0 P =CERNAN® [x =0) =5( 1)@ |« = 0))
E =(| L) ®|xr = 1))
£ RN =CE@NIV® xRN |~ 0)

ZE e 1 =(|NH® x=0)

-6 -4 =2 0 2 4 6}
x WRk+1)= (1) @ [x= 1)

[P(0) =T & [x =0)

W(2k) = (|T) & |x =0

X|T) =), X)) =T)
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... ... Demonstration
Exercises: Xon |[#(0))=|1T) & |x = 0) and \/—g(ll) +|1 ™) &
., — N\
1.0 m—7 coir 1
= e W=5SQX,|¥Y00) =—(|{ T =0
s ® X, |¥P(0)) \/§(|>+| ) & [x=0)
£ 1
506 Y1) = ®X)(E(Il) +|TH & |x=0))
204 .
‘Lo_zl‘ I I L =S(7zUN+ 1) & lx =0)
ool 1 1 | _1 I o
e R T =z =1+510) &= 1)
X

1 _ 1 B 1 B
P(0)) = \/—E(IU +IHRIx=0 [Y@I=0CB X><7§<|T> ® x = 1) +7§| ¢>) ® x = 1))

X = [0, X0 = [1) =s<}§(u>® P= 4o T>) @1~ 1)

1 1
= (—2<Il>® =0+ T)) ® [ = 0))

75
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Demonstration

W=SZ|¥Y0)=[H&|x=0)

1.0 —
08 @Y =CE®DIN® [ = 0) =5 H® [+ - 0)
8" = (| H®x= 1))

90.4-
T 0.2 RN =R V@ = 1) =5(|H® [+ = 1))

00" 6 4 —'2I — 4I 6 =(| )& x = —2))

X

P(0)) =) ® |x = 0) W) = (D L) & [x = k)
ZIM=1m,  ZN)y=—-|1)

Exercises:

: Zon|P(0)) =

1
V2

(L) +11) & |x = 0)and| T) |x = 0)
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Demonstration

Exercises:Zon |[#(0))=|T) & |x = 0) and \/_15(“) |1 T) & [x =0)

W=5®ZI|¥(0)=]1Q& |x=0)
P =CRD(N® [x=0) =5(NQ |x=0))

g =(INQ[x= 1))
0.2- I I
00 a5 e PN =CRDUN®x=1)) =31 &[xr=2))
X
P(0) =T |x=0) W) =[T) & |x=FK)

ZIn =11 zZH)=-)
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... ... Demonstration
1
Exercises:Zon |[#(0))=|T) & |x = 0) and ﬁ(li) |1 T) & [x =0)
1.0 = W=SQZI|¥0)=|"Q |x=0)
0.8-
%‘0_6_ PN =CRDUN[x=0) =5(NQ [x=0))
So —(NH® 1)
02 I I
0.0 8- _'2I : 2' R PN =0CRD(UND®|x=1) =5(1&[x=2))
W) = —= (1) + | 1) @ Jx = 0) WY = 1) @ v = k)

V2
ZINn =11,  Zl}) =-|)
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Demonstration

Exercises:Zon |[#(0))=|T) & |x = 0) and \/_15(“) |1 T) & [x =0)

;: = W=SQ®Z|¥0)=]7Q |x=0)
%o-s W) = @)D+ D) ® 1+~ 0)
Qz;‘l‘ L =S+ 1) ® |x = 0)
0.0 _! _.2| ) 2' 4I : = \/%(—Il) Qr= -1+ &[x=1)
1¥(0)) =\/—1§(|i> +1 1) ® |x = 0) W) = (C® Z)(\/—li(—ll) Rlv=—1+|1 ®lr=1)
Zn=1n, Z=-1Y =S @ = 1) +1) @ [ = 1)

==V ® = -2+ @ |x = 2))

W) = = (D )@ — 1)+ 1) ® [« — 1))
N




Demonstration
1.0 =on| W=SQ®H,[¥(0)=]!)®|x=0)
P W)= @M H® 1x = 0)) =5~ 1)@ [+ = 0)
Z0.6 ) )
2. S D@ - == )@ [ 1)
o 1 1
0.2 I I |‘P(2))=(5®H)(E|T) ®|x:1>_ﬁ|l> X [ =—1))
0.0- | - | -
6 4 2 0 2 1 & = SGADHIW @ = D=5 (D= )@= 1)
1 1 1 1
W(0)) = | 1) ® |x = 0) = D@ =D+ D@1 = 0) =2 D@ [x = 0) 45 D@ [x = 2))
HITY = —= (1) + 1) @ = =2 (D=1 D)@ = ) o ) ® x = —2))
V2 2 B 2 B 2 B
1 WE) = (e (D D)@~ ) m e[ D@+~ (I D[N ® [ — 2
H|l) = \/—E(m — i) 22 V2 2V2

= =N =3+55I 0 =1+(F I V+5MHQr=~1)
— = H® =3

Excercise: Finish all the steps
to the 3 dif ferent state




Demonstration
1.0 mm zcon W=SQ®H, |LIJ(O)> = | & |x = 0)
o8 W) = @M(IN® [~ 0) =S(£(N+ 1) ® [+ = 0)
A S IN® = D= D@ = 1)
00.4
0.2 I I |W(2)):(5®H)(E|T>®|X=1)+ﬁ|l)®|x=—1))
0.0—— 1 & | I 1 1
-6 -4 -2 0 2 4 6 =5GUND+HIN® =D +7(AD =)@ [x =—1)
X
1 1 1 1
P(0) =T X |x =0) =§IT>®|x=2>+§|l>®|x=0>+§|T>®|x=0>—§|l>®|x=—2>)
1 1 1 1
HlT)=\/—§(|T)+|l)) =ZUNQx=2)=Z(D+ [N [x=0)=7[1) @ [r = ~2))

HIY = —

1 = a. = — S — —_ S
(n -y YeN=s (\/_(|T>+|l>)®|x_2>+\/—”>®|x 0) 2\/_(|T> 1) ® v = —2)

W|T>®|x—3>+(fm>+ D)@ === M r = 1)
2ﬁ|l>®|X—_ )
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________________________________________________ INTRODUCTION:SPLIT-STEP QUANTUM WALK
Wss = 54Cg25_Cp1
s+—|l><¢|®2|x><x|+|T><T|®Z|x+1> . -
p1 ‘ X
'”‘“®Z"‘ 1] + 1 T|®Z|x> . 2
P ‘ X
¥ N/ N chits = 2 v v’ v
++—+—t 1>
—5-4-3-2-101 2 3 4 5

Split-Step QW \_) QUANTUM CIRCUIT
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INTRODUCTION:SPLIT-STEP QUANTUM WALK

Wss = 54C025_Coq

S = 10U ® Z|x><x| +I1( @ le +1)x ﬂ 2
1 =
5. "”‘“®Z"‘ 1<x|+|T>T|®Z|x> 3 l 2
3 =
Co2 Cor i ———

¥ N/ \ chits —
+—+—t >

—5-4-3-2-10 1 2 3 4 5

o o o o

Split-Step QW \_) QUANTUM CIRCUIT
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Financial Modeling

Repeat until convergence to
obtain the targeted distribution

/ Initial hvector 1 ¥ Investor 2 Investor k \
v state
) Coin IO) Cg C 17 Cg G 27 C C !
space . . ( \ ( \
Y ( M Y[ ) l (A Measurement
[Yr) = U(8)|0) " ¥ F F
Position : . X S _ Classical
space : > 2 > 2 * < el m = | optimizer
U(6): Evolution operation 0 a i ia
\ J \ J \ J J — N —
- N 4

Y f): The specific quantum state
that encodes the o>

probability distribution of
financial market outcomes

== target
== target 0.20 B trained
B trained

Probability
Probability

A 5 @ " A @ ® @& 7
R R A T BT B I I

L T T O T N N N, BT, S S T SR N B
mA A 9 S8 A N o m § A O

return in %

return in %

Daily Return Distribution for AAPL Daily Return Distribution for SPS00

== target 0.25 1 == target
m trained

B trained

Probability
Probability

return in %

Chang, YJ., Wang, WT., Chen, HY. et al. A novel approach for quantum financial simulation and quantum state
preparation. Quantum Mach. Intell. 6, 24 (2024).
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Finding the "Best" Answer Among Countless Choices

1. Optimization is the process of finding the best possible
solution from all available options, given a set of constraints,
to maximize or minimize a specific goal.

2. Real-world examples:

* Traveling Salesperson Problem (TSP): What is the shortest
possible route that visits a set of cities and returns to the
origin city?

* Knapsack Problem: Given a set of items with weights and
values, what's the most valuable combination of items you
can fit in a backpack with a limited capacity?

* Resource Allocation: How do you assign employees, budget,
and machinery to tasks to achieve maximum efficiency?

39
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Short-Sighted Greed vs. Global Vision

Prospector,
oblivious Ive foupd
the best spot!

Global Treasure
(Global Minimum)

Effort/Energy

Search Space

41
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Annealing
* |sing Model
ISm:-j Mode,l
Site Bond
\ .
‘ D I B N l\ ............
T e o

H = —]2 0;'0;" — hz g}
L,J i

Interation Site

42
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H = —]2 0;'0;" — hz g}
L,J i

Interation Site

43
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Simulated Annealing

Concepts Metropolis—Hastings Process
A i State‘ BT 1. Start with a random configuration E (x,)and high
e e T "temperature” T
0000 2. Repeatedly propose small changes x — x'
0000 3. Accept improvements automatically Accept worse
00000 solutions with probability p = e 2£/T, where
0000 AE = E(x") — E(x)
0000 1. Gradually decrease the temperature according to
High Temperature Low Temperature a "cooling schedule"
High energy = Unstable atoms Low energy = Stable atoms 2. Continue until the system "freezes" into a good
solution
H = —]2 ;0" — hz o
L] l
Interation Site

44
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Quantum Annealing

Concepts Process
Feing Model Ste o 1. Initial Setup (t = 0): A(0) >> B(0)
“ NN N / Ground state: Equal superposition
‘. J I g J 2 y System is in quantum superposition of ALL
ISERERER _/ :2 . Hp = FE 0; possible spin configurations
g et !
H(t) =A(t)-Hp + B(t) - 2. Annealing Process (0 < t < T): A(t) decreases,
- B(t) increases. System gradually transitions from
guantum to classical regime. Quantum tunneling
1.5] allows exploration of solution space
>1.0- SA
o 3. Final State (t = T): A(T) << B(T)
Ground state encodes the optimal solution to
00 the problem
-2 -1 0 1 2 3

Spin Configuration
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Key Differences

Aspect Simulated Annealing Quantum Annealing

Escape mechanism Thermal hopping over barriers S:rar?;rusm tunneling through
Control parameter Temperature (T) Transverse field (')

States Classical bit strings Quantum superposition
Hardware Classical computers Quantum processors
Exploration Sequential random walk Parallel qguantum exploration

46
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Annealing

QUBO & Ising Formulations

Quadratic unconstrained binary optimization(QUBO) Ising model

n n n
1 A _ zZ_7Z _ z
f(x)=ZQiixi+Z Z Qiixix; = x" Qx ——— = ]ZULU] hzal

i=1 i=1 j=i+1 s, = 2x; — 1 i,J i
g; € {—1,1}": binary vector

x; € {0, 1}": binary vector

xi=xi2

47
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Portfolio Cumulative Performance

Value

Time
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Mean-Risk Portfolio Optimization

Goals: Maximize returns & Minimize risk , 20 "k
Weight: w;= }.521 Xix * 2

f(x) =-6, Z rix; + 922 xicov(h_,;, hj)xj Return—target penalty : 0;(}; w; - r; — R)*

i i,J
Risk term: 6 ). ; w; - cov(hy, h;)w;
A 0.0025
Infeasible Portfolios
Portfolio C = Not possible
X Efficient Frontier
(all p:::i?;:i:;f;clant n. n DE U |
Portfolio B = Efficient
(]
5 T Higher return
'{6 same risk
« ~4— X Portfalio A = Inefficient 0.0015 +
Lower risk
same return
Feasible Portfolios
{risky assots only) g
, 0.0010
as
oo

Risk
0.0005 A

0.0000 A

—0.0005 | | | |
0.005 0.010 0.015 0.020 0.025 0.030

V da
Quantum-Inspired Portfolio Optimization In The QUBO Framework, Ying-Chang Lu, Chao-Ming Fu, Lien-Po Yu, Yen-Jui Chang, Ching-Ray Chang, arXiv:2410.05932
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Annealing Feature Selection

* Problem description : * Annealing Feature Selection:
Transaction History Summarization with four types of features: The expression overall to optimize at the minimum to
Basic Statistics, Extra Statistics, Moments, and Deciles. obtain
P

* Preprocessing:

I Seleted Features
Each column represents a feature, and each row represents the \ , Fgfg;m?m &%E
o o . | Feature & Feature Corrleation soture Salsctis K
specific data values for a particular address = L rore oo
] ] > 0 [TITITL]
Uip U122 U113 ... Uin Fealines Closs, Gnarp) Feature & Class Corrleation
U21 V22 U233 ... U2n
U=| . . L . Influence Independence
_Uml Um2 Umg . umn- n n n
Fx)=—a> zilpvl = 1—a)D D zzklpiel|-
The data on past addresses can inform us of the class. L | j=1 =1 k=1, .
*=1
i v]_ ] Quantum
V= g *:;’::::::“’% o Selection Lenrwing
: S_E +T1T=| sStatistics N ?? .
_'Um_ 9 = \ : : Moments : 3__.. é%
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Application of Quantum Computing in Finance

Improved fraud detection

Type Quantum Algorithms Features Time
Method Precision 7 Recall T F17 Accuracy T AUC T Training Time |
Classical Simulated Annealing 23  0.0055 s e a : o s . o8a 599 o tes
. OgISTIC Regression . . . . . mins .0S
Quantum  Quantum Annealing 9 6.644 s 8 & ,
Hvbrid ¢ A I . 6.0041 AdaBoost 0.4 0.81 0.53 0.84 0.74 1106 mins 52.8 s
ybri Quantum Annealing : S Random Forest 0.87 0.97 0.92 0.95 0.99 305 mins 5.7 s
XGBoost 0.86 0.89 0.88 0.95 0.99 70 mins 5 s
Intersection Of SA, QA, And QA Hybrid Select Features LightGBM 0.85 0.88 0.87 0.94 0.98 56 mins 1.8 s
SVM *10 0.73 0.37 0.49 0.85 0.96 532 mins 58.9 s
SA Features Neural Network *10 0.68 0.93 0.79 0.85 0.98 87 mins 51.5s
SA Logistic Regression 0.53 0.8 0.59 0.91 0.83 10 mins 49.6 s
SA AdaBoost 0.33 0.65 0.44 0.81 0.69 589 mins 21.1 s
N 23 Features| sarandom Forest 0.85 0.97 0.91 0.94 0.99 212 mins 23.2 s
t
51 spent (Extra State QA Features | ted SA XGBoost 0.54 0.63 0.58 0.87 0.89 67 mins 13.2 s
;’SD-SPe"t (Erie Bzl selecie SA LightGBM 0.81 0.84 0.83 0.94 0.96 37 mins 43.9 s
~ received (Basic Stats) 3
mn_ql__lpizggﬁglz (Moments) - ot e O by S A SA SVM 10 0.22 1 0.36 0.42 0.71 4465 mins 27.2 s
mrﬁzicg\igglsle( rfn“gﬁq";ﬁ?st)s) (i) G 5 iy SA Neural Network *10 0.66 0.94 0.77 0.83 0.98 83 mins 3.7 s
m_2_payback (Moments) A TO e REETEeeIon UaY ST 0TS0 USZ USZ S 7 S
m_3_interval (Moments) USD received (Extra Stats)
m_3_received (Moments) m_2_interval (Moments) QA AdaBoost 0.57 0.49 0.52 0.85 0.84 513 mins 5.6 s
m_4_payback (Moments) m_4 received (Moments) .
m_4 spent (Moments) QA Random Forest 0.58 0.62 0.60 0.86 0.88 125 mins 27.7 s
bal d
e if?g?‘ii(iéa(tggg)it?ts) : £ TX (Basic Stats) QA XGBoost 0.54 0.63 0.58 0.87 0.89 63 mins 29.5 s
n_payback (EXtra Stats n_coinbase (Extra Stats) . .
o L sl (124 PR/ QA SVM *10 0.26 1 0.41 0.51 0.86 4492 mins 26.3 s
sigma_balance_btc (Extra Stats) A Neural Network *10 0.54 0.60 0.57 0.85 0.88 87 mins 7.3 s
LENE S el ecC Te d _QA'B'Q'IVI'I__t_R_Q ogistic Regression 05T 056 053 085 087 Emins44.1s |
b Q A QA BQM AdaBoost 0.47 0.74 0.57 0.84 0.89 563 mins 56.8 s
y QA BQM Random Forest 0.65 0.76 0.75 0.90 0.93 183 mins 17.5 s
QA BQM XGBoost 0.48 0.76 0.59 0.85 0.90 63 mins 36.6 s
QA BQM LightGBM 0.48 0.75 0.58 0.85 0.90 38 mins 25 s
QA Hybrid Features - .
QA BQM SVM *10 0.54 0.09 0.16 0.83 0.86 4391 mins 7.1 s
QA BQM Neural Network ‘10 0.54 0.58 0.56 0.85 0.88 83 mins49.5s

Efficient Bitcoin Address Classification Using Quantum-Inspired Feature Selection,
Ming-Fong Sie, Yen-Jui Chang, Chien-Lung Lin, Ching-Ray Chang, Shih-Wei Liao, https://doi.org/10.48550/arXiv.2411.15425
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Currency Arbitrage

Objective Constraints
[ 2
Cior = argmin{— ) x;;logr;j + My| XijXiir + XijXiri + Xij— ) Xji | + ) Xixj]+ My ) xi5d;;
] ]
L L) M j il i J J L,j L,J
profit Used at most once In = out Both way  cost
@ AUD/USD @.77161 0.77259 2021-05-02 21:12:24.154000 2021-05-02 23:37:44.256000 1.0000010625833595
< AUD/USD @.77156 0.77264 2021-05-02 21:12:24.704000 JPY to GBP: -2.179140855335442 JPY to USD: -2.0386877047867853

AUD/USD ©.77174 0.77257 2021-05-02 21:12:26.949000 EUR to JPY: 2.118843179485495 USD to EUR: -@.08020786197123585
AUD/JPY 84.321 84.444 2021-05-82 21:12:26.950000 GBP to EUR: 0.06027113856748581 S o0as Ty 0318656
AUD/NZD 1.07469 1.07827 2021-05-02 21:12:26.950000 Profit Rate = 0.9999388975158292 JPY to USD: —2.8387194860168947

AUD/USD 0.77174 ©.77259 2021-05-02 21:12:27.390000 | | 2021-05-02 23:37:44.257000 USD to EUR: -0.08018619797698939
0.01266 AUD/JPY 84.315 84.462 2021-05-02 21:12:30.092000 AUD to JPY: 1.9260078492662447 EUR to JPY: 2.118905936655888
USD/CHF ©.91194 0.91491 2021-05-02 21:12:30.265000 | |JPY to USD: -2.83860426799073 1.0000012909449105
/ .
AUD/NZD 1.07392 1.07855 2021-25-02 21:12:30.375000 | | USD to AUD: 0.11255712754965508 JPY to USD: -2.0387194860168947
\5.47 D.06463 AUD 5 Profit Rate = 0.9999095328189521 USD to EUR: —@.08018258720621427
/IPY 84.31 84.462 2021-05-02 21:12:30.376000 375 _
2021-05-02 23:37:44.258000 EUR to JPY: 2.118902633872998
oo USD/CHF ©.91096 0.91491 2021-05-02 21:12:30.489000 IPY To USD: —3.03860426799073 1. 0000012909449105
: USD/JPY 109.24 109.31 2021-05-02 21:12:34.727000 USD to GBP: —0.14053946697234213 JPY to USD: -2.0387194860168947
AUD/NZD 1.07469 1.07827 2021-05-02 21:12:37.025000 EUR to JPY: 2.118843179485495 USD to EUR: -0.08018258720621427
b.90745 19485 AUD/JPY 84.315 84.462 2021-05-02 21:12:37.025000 GBP to EUR: 0.06027113856748581 EUR to JPY: 2.118902633872998
: v USD/CAD 1.22788 1.23011 2021-05-02 21:12:41.197000 Profit Rate = 0.999932267355301 1.0000012909449105
EUR/USD 1.20279 1.20366 2021-05-02 21:12:42.741000 | | 2021-05-02 23:37:44.260000 JPY to USD: -2.0387194860168947
EUR/JPY 131.391 131.622 2021-05-02 21:12:42.795000 JPY to USD: -2.03860426799073 D Lo R O, e e a2
EUR/GBP ©.87049 0.87158 2021-05-02 21:12:43.786000 USD to CHF: -@.0396243685898418 0000 12000449105
EUR/CHF 1.09725 1.09814 2021-05-02 21:12:43.787000 CHF to EUR: -0.04064980139841118 IPY to USD: —2.p387194860168947
0.14864 EUR/USD 1.20279 1.20351 2021-05-02 21:12:44.348000 EUR to JPY: 2.118843179485495 USD to EUR: —0.08018258720621427
GBP/USD 1.37983 1.3822 2021-05-02 21:12:44.683000 Profit Rate = 0.9999188176139615 EUR to JPY: 2.118902633872998
2021-05-02 23:37:44.427000

JPY to CAD: -1.9494046455380307
USD to EUR: -0.08024757648750093
CAD to USD: -0.08922312229969213
EUR to JPY: 2.118843179485495

Profit Rate = 0.9999259404620644

https://1gbit.com/whitepaper/optimal-feature-selection-in-credit-scoring-classification-using-quantum-annealer/
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Efficient Exploration of Phenol Derivatives Using QUBO Solvers with Group Contribution-

Based Approaches,Chien-Hung Cho, et al., Industrial & Engineering Chemistry
Research 2024 63 (10), 4248-4256
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Thanks for listening
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