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Where Fujitsu QARP fits in the Fujitsu stack
Architecture & design — modularity, composability, ease of use
Algorithms & use cases - from VQE to MonteCarlo and beyond

Future direction - QARP++ and QARP-GUI
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o)
So, why QARP - our philosophy FUJITSU

* Research-first design — built by quantum researchers for quantum researchers, with
the flexibility to go from idea to implementation fast.

 Full-stack coverage — from fermionic Hamiltonians to compiled circuits on real
hardware, in one unified package.

« Backend agnostic — Qulacs, Pytket, Qiskit backends. Run the same algorithm
everywhere.

* Rapid prototyping — block-based composable circuits, symbolic parameters, analytic
gradients. Build, test, iterate.

* Production ready — CI/CD pipeline, comprehensive test suite, documentation, and
versioned releases (currently v0.5).

6 © 2026 Fujitsu Limited



O
Architecture — what, how, where FUJITSU

QARP cleanly separates what you compute, how you measure it, and where you execute it

ALGORITHM LAYER

EXECUTION LAYER
CIRCUIT CONSTRUCTION

PrimitiveAlgorithm Enei
3 g g ngine
. . . . - Defines measurement strategy (Hadamard test, Pauli averaging) .
Block » Block -+ ... » CompositeBlock » Built Circuit . . ? - Executes circuits on backend (Qulacs, pytket, etc.)
- Constructs measurement circuits X
+ - Handles parameter substitution
MeasurementBlock

(classical mapping) < 1

CompositeAlgorithm
- Orchestrates multiple primitives

Device
- Circuit transformation (gate set, architecture)

- Manages classical optimization loops . X N
- Noise model application

- Combines results
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Blocks & Operators Algorithms Engines & Devices
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| - Returns measurement results
\
\
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+ Composable Block objects « StateVector (exact) * QulacsEngine (fast sim)

+ Symbolic parameters + Sampler (shot-based) + TketEngine (compile + run)

* Lazy building & dagger + PauliAveraging * Device configuration
support * HadamardTest » Architecture constraints

* 40+ primitive blocks « SWAPTest / MirrorTest * NoiseModel support

* State preparation blocks « CuttingMeasurement + Gate set compilation

* Fermionic system support « CompositeAlgorithms * Hardware-ready output
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O
The Block layer FUJITSU

Block-based composability — circuits are assembled
from reusable, composable Block objects. L Eb b

blockl = HnBlock(4, target qubi [@, 2,
block2 = LayerBlock(OpType.C rerla 2, )

* Rich library — 40+ blocks including ansatze (HEA,
UCC, QAOA), Trotter, QFT, QPE, QSVT, Qubitization,
and more.

« Symbolic parameters — define circuits with symbols,
substitute values at runtime.

« CompositeBlock — chain blocks respecting target
qubit assignments.

« State preparation — Dicke states, GHZ, computational
basis, mapped ONV, and synth states.
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o)
The algorithm layer FUJITSU

CompositeAlgorithms orchestrate PrimitiveAlgorithms + classical post-processing to solve real
problems.

Phase estimation Projective & others

« VQE / ADAPT-VQE - ground * QPE - standard phase + MonteCarlo - walker-based
state energy estimation ground and excited state

+ VQD / ADAPT-VQD - excited + DOS-QPE - density of states refinement
states (deflation) « MMQCELS - multi-modal « QSE - subspace expansion

RIS e SUbsPace séarCh eigenvalues « Circuit Cutting - gate-based

* QAOA - combinatorial - QMEGS - multi-eigenvalue decomposition for large circuits
optimization . .

Gaussian * QRSI - quantum randomized

* VFF - variational fast forwarding subspace iteration

+ deteQt - modularity-based
community detection

+ PCE - Pauli correlation encoding
* VUMPO - variational unitary MPO
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O
Example - VQE in a handful of lines FUJITSU

d Minimal bOilerplate - deﬁne from garp.algorithms.composite import VQE
Hamiltonian ansatz and run from garp.blocks.primitives import LayeredHEABlock
! ! : from openfermion import QubitOperator
# Hamiltonian
° Swap primitives freely - SWltCh from H = QubitOperator("ze Z1", -1.0) + QubitOperator("Xe", 0.5)
StateVector to HadamardTest without # Ansatz
rewriting the algorithm ansatz = LayeredHEABlock(n_qubits=2, n_layers=2).build()
# VQE
vge = VQE(operator=H, ket=ansatz, verbose=True).build()
. . _ . energy, params = vge.run()
¢ Anal‘ytlc gradlents baCkprOp V.Ia print(f"Ground state energy: {energy:.6f}")
Qulacs for StateVector, or numerical
gradients. VOE Run:

Iteration Energy dE
1 -1.0812345 -1.0812345
P -1.1178032 -0.0365687

* Built-in optimisers — SciPy, Rotosolve,

GradientDescent, or bring your own. 8 "1.1180340 -0.0000001
Ground state energy: -1.118034
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Use cases and application domains

o)
FUJITSU

Quantum chemistry / sim Optimization / Finance

- NISQ and FT routines for

- Fermionic Hamiltonian

. optimization
- Eigenvalue / spectral

- Differential equation solvers

o - Ground state relaxation - Linear system solvers
estimation i )
. - Financial use cases (S&P500 - CFD
- State / subspace preparation etc)

- Extraction of
thermodynamic quantities

- Ground and thermal state
preparations

- Statistical measures

11

Topological features
extraction

Community extraction
Anomaly detection
Graph properties
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o)
Example — use cases and application domains FUJITSU

Quantum chemistry / sim

Optimization / Finance
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[e®)
Fujitsu QARP - framework FUJITSU

1 Higher-level
. .  — N
QARP-GUI (Customer) — click-and-run interface
for non-programmers. Visual workflow builder, 79
result dashboards, and one-click execution. ==
T

QARP (Researcher) — the Python package offering
all you have seen. Full algorithmic flexibility, block
composability, and backend agnosticism.

y

QARP++ (Developer) — high-performance C++
core for critical-path operations. QPE benchmarks, @ [ J

noise-free simulation at scale, HPC integration. _

PRy
)
—

/

| Lower-level
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o)
Roadmap & evolution FUJITSU

1 Going Higher — QARP-GUI

| Going Deeper — QARP++

Shot scaling — 8 qubits, 98 gates

| | = starsimulator (pph 1 3]
107" 3 —»— QarpSimulator (nof

0-2 4

|
0-3 4
4 ] /

wall time ()

Together, these three layers ensure QARP serves every user — from the
customer exploring quantum for the first time, to the researcher pushing
algorithmic frontiers, to the developer optimising at the core of the stack.
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