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Research Note for Financial Services

Financial Conduct Authority

Research Note

03/10/2025

Quantum Computing
Applications in Financial
Services
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Optimization Workflow Ji J

Modeling

Implementing mathematical model

Conversion / Encoding
Convert and encode model for solver

Preprocess
Variable reduction based on models

Run Optimization
Algorithm

Run main algorithm performance

Post Process
Decode the solutions
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Optimization Software stack Jij

Optimization Workflow Classical Software

Modeling Modeler

Implementing mathematical model

Pulp, JuMP, AMPL, ...

Conversion / Encoding - -
Convert and encode model for solver

Solver
CBC, SCIP, Gurobi, ...

Preprocess
Variable reduction based on models

Run Optimization
Algorithm

Run main algorithm performance

Post Process
Decode the solutions
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Optimization Software stack Jij

Optimization Workflow Classical Software Quantum Software

Modeling Modeler - Write by your hand /
Implementing mathematical model : .
PUlp’JUMP’AMPL’ '::::::::::::::::::::::::::::::::::.’l
. . Map your model to the Hamiltonian
Conversion / Encoding - Y by your hand //
Convert and encode model for solver : :
Solver | eseessssesrsrssresseresrerseries
CBC, SCIP, Gurobi, ... : , :
Preprocess : Do by your hand /
Variable reduction based on models L .
Implement algorithm with Quantum
Run Optimization SDK by your hand
Algorithm 5 a Hard
Run main algorithm performance unon , uantum Hardware
Superconducting, lon trap, Neutral Atoms, ...
DPOjt tl:I’O(iet.SS . Decode bitstrings by your hand /
ecode the solutions :
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Jij Optimization Software stacks Jij

Optimization Workflow Jij’s Optimization Software

Modeling JijModeling 4\

Implementing mathematical model
OMMX {3

Conversion / Encoding - w

Convert and encode model for solver . Qamonmile
Classical Solver m

CBC, SCIP, Gurobi, ...

Preprocess

JijPresolve
Variable reduction based on models

Run Optimization Your favorite Quantum SDK

Algorithm

Run main algorithm performance

Run on Your favorite
Quantum Hardware

Post Process

) Qamomile
Decode the solutions
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Jij Optimization Workflow Ji j
Implement your model

def graph_coloring_problen() > jm.Problem: © 3
# define variables Problem: Graph Coloring

V = jm.Placeholder("V") N-1
i min E E Teg,i * Teysi
shape=(V, N))

.o . '
JijModeling M : ,
n = Jm.Element("1", belong_to=(0, N)) =0 &F

v = jm.Element("v", belong_to=(0, V)) {s.t.}
e = jm.Element("e", belong_to=E)

# set problem

problem = jm.Problen("Graph Coloring")

N-1
one-color 5 Ty = 1 Yo € {0,...,V -1}
# set one-hot constraint that each vertex has only one color 7%
o=
OM MX problen += jm.Constraint("one-color”, x[v, :].sum() == 1, forall=v) {where}

ndim=2)

# set objective function: minimize edges whose vertices connected by edges are the same
problem += jm.sum([n, el, x[e[e], n] * x[e[1], n])
return problem

T 2-dim binary variable

‘ interpreter = jm.Interpreter(instance_data)
) instance: ommx.vl.Instance = interpreter.eval_problem(problem)
Qamonmile O
:
Convert your model to Quantum Algorithm
= qm. : i (@]
‘ A o A S Currently support

qaoa_circuit = qaoa_converter.get_gaoa_ansatz(p=1)

JijPresolve Eat e QAOA, QRAO, FQAOA

Your favorite Quantum SDK Transpile Algorithm to Quantum SDK
‘:::i;::z;’i‘:fq;,Eiz::;lichzi;:xik,c,,cm(qaoamm £ Qiskit CUDA-G gl QuTIP

qk_cost = qk_transpiler. transpile_hamiltonian(qaoa_cost)

Run on Your favorite
Quantum Hardware

QURI

4
W PENNYLANE PARTS

Analyze your result

sampler = gk_pr.StatevectorSampler ()

. gk_circuit.measure_all() H . .
Qamonmile Automatically, check objective values,
constraint violation

job_result = job. result()
sampleset = qaoa_converter.decode (qk_transpiler, job_result[0].datal'meas'])
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What’s next? Jij

Of+:0

Algorithms

We plan to enhance available algorithms!

Write your favorite Quantum Optimization algorithm in the

discord at ! i :
.-

Benchmark E

We are developing OMMXQuantumBenchmark.

Please check our poster! mJij Open Community

Want to know more? Feel free to ask on Discord or stop by our poster!
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Demo: QAOA for graph coloring problem Jij
Implement your model

JijModeIing def graph_coloring_problem() -> jm.Problem:
define variables

jm.Placeholder("V")

jm.Placeholder("E", ndim=2)

jm.Placeholder("N")

jm.BinaryVar("x", shape=(V, N))

jm.Element("i", belong_to=(0, N))

jm.Element("v", belong_to=(0, V))

= jm.Element("e", belong_to=E)

set problem

problem = jm.Problem("Graph Coloring")

OMMX

HO<SXZ2mM<H
(RN TR R TR TR TR

H # set one-hot constraint that each vertex has only one color

Qamomile

problem += jm.Constraint("one-color", x[v, :l.sum() == 1, forall=v)

# set objective function: minimize edges whose vertices connected by edges are the same

problem += jm.sum([n, el, x[e[0], n] * x[e[1], n])

return problem
J U PreSOI\Ie problem = graph_coloring_problem()

problem
H Problem: Graph Coloring
Your favorite Quantum SDK .
min Z Zzen,i “Teyi
i=0 ecE
Run on Your favorite {54}
N-1
one-color Ty, =1 e {0,...,V -1}
Quantum Hardware PIL
{where}
T 2-dim binary variable
Qamonmile
@2025 Jij Inc. 14



Demo: QAOA for graph coloring problem Jij
Transpile your model to Ising Hamiltonian

JijModeling and QAOA circuit
interpreter = jm.Interpreter(instance_data)
OMMX instance: ommx.vl.Instance = interpreter.eval_problem(problem)

Qamomile gaoa_converter = gm.gaoa.QAOAConverter(instance) ©
qaoa_converter.ising_encode(multipliers={"one-color": 5})

gaoa_circuit = gaoa_converter.get_qgaoa_ansatz(p=1)
gaoa_cost = gaoa_converter.get_cost_hamiltonian()
JijPresolve
. You can transpile your model to
Your favorite Quantum SDK e QAOA
Run on Your favorite e QRAO
Quantum Hardware e FQAOA
Qamomile
@2025 Jij Inc. 15



Demo: QAOA for graph coloring problem Jij
Convert Algorithm to your favorite Quantum

JijModeling SDK

‘ gk_transpiler = QiskitTranspiler()

k_ci it = gk_t iler.t ile_ci it( Lifeal it)
OMMX Qs e s e
Qamomile
Qamomile currently supports
JijPresolve

€S Qiskit CUDA-G W PENNYLANE

QURI .
PARTS 4> QuTiP

Your favorite Quantum SDK

Run on Your favorite
Quantum Hardware

Qamomile
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Demo: QAOA for graph coloring problem Jij
Decode bitstring from device to meaningful

JijModeling optimization results
samp?er = qgk_pr.StatevectorSampler()
OM MX gl{ﬁ:;g‘:{;.measu re_all()

job = sampler.run([(gk_circuit, result.x)], shots=10000)
job_result = job.result()

Qamomile

sampleset = qaoa_converter.decode(qk_transpiler, job_result[0].data['meas'])

JijPresolve

Your favorite Quantum SDK

Run on Your favorite

Quantum Hardware /

Qamomile
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