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Quantum-GPU Supercomputing

* Supercomputing architecture connecting
quantum hardware

e Ability to run hybrid algorithms - using
GPUs and QPUs

* A software platform that seamlessly
connects hybrid applications

* The ability to perform gubit-agnostic
development of control and error
correction
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Quantum Circuits: Sparse Matrix-Vector Products

Quantum circuit (the program you write)

do
1)
d1 v M
1)
q> v M
I I I I
I I I I
I I I I
I I I I
I I I I
| | | |
21 21 x 21 21 x 21 2N x 21 2 x 21

Linear algebra (what the machine does)

Each U, is sparse with 2™ nonzeros per row

Yout = Uk - U U9y

k up to poly(n) gates = O(k - 2") flops in total

H In Computational Terms

State vector Y € C2". At n = 30 that is
230 % 16 B = 17 GB, and each extra

qubit doubles it.

Each gate is a sparse unitary U €

C2"*2" with only 2™ nonzeros per row
for an m-qubit gate.

A circuit of depth k is k sparse mat-vec
products in sequence, with k up to

poly(n).

Measurement returns a single index i
with probability Pr(i) = |y;|?.
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Quantum Kernels: The Circuit as a Program

Quantum kernel written in CUDA-Q (Python) Quantum circuit drawn from the same program

circuit(theta: float):

g = Cudaq.qvector(B) do X V] i_
h(q) A

x.ctrl(q[0], q[1]) g4 N " i_
x(q[@]); rz(theta, q[2])

x.ctrl(q[1], q[2]) 7 ) i—

mz(q)

counts = cudaqg.sample(circuit, 0.3, shots count=1000)

jriscess : rog— : : ) : : :

crul - Device code Qubit-agnostic Eg] Line = matrix sample = histogram
Written on the host and launched on One source is compiled for the chosen Each gate call applies one sparse 2™ X The kernel is launched 1000 times
a target, like a CUDA kernel. The body hardware, whether a QPU of any 2™ unitary to the state, so the listing is and each run returns one bitstring.
IS a real program with arguments, qgubit modality or a simulator such as U, --- U; written out one factor per The result is a histogram of outcomes.
function calls, loops and branches. state vector or tensor network. line. The 2™ vector entries never leave the

device.
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Quantum Algorithms: Time Evolution and Eigenvalue Problems

Time evolution Y(t) = e_thl/J(O)

Quantum simulation Quantum CAE
10y —| Had | | P(aet) [{ Had [{ ~A| 5] e e enao - |- |- |
|(I>0) Excit exp(—iHt) Excit? v TN i N _ .--
Energy gaps of boron-like ions, Z = 5 to 103, from Bayesian phase difference For the wave equation, finite-difference operators become explicit gates, giving a
estimation on 18 qubits, S|mulated with cuQuantum. circuit for e 7!t with depth O(log, N) for N cells.
Sugisaki et al., Electron. Struct. 5, 035006 (2023) Sato et al., Phys. Rev. Research 6, 033246 (2024)

Eigenvalue problems HY = EyY

& vaE 7. asci/sap
: Algorithm 2 Quantum computer Classical computer ;:g _2 |
EO ~ mln<lp(8)‘Hh/)(6)> Input state |¢1n . Select configurations rgy %
6 prepared by, e, VOL, » Sampling {]0011),]0101), ...} r : S
Tlhe C.lPLIJCpPrS%IrDeJ 1/)(5) ?nd medasture; the energy, 3 Sample Y on the QPU, keep frequent configurations, o _ .
clas>sica optimizerupdates u. diagonalize H in that subspace on CPU/GPU. Variational cscray  — ascia-os
and noise-robust.
Peruzzo et al., Nat. Commun. 5, 4213 (2014) Kanno et al., Phys. Rev. Research 8, 023268 (2026)
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The Generative Quantum Eigensolver
First demonstration of GPT-generated circuits in the literature

Find a circuit producing e.g. ground state
Optimization of circuits for desired output

GPT-QE specifically employs a GPT model ( . E
o Recent advances in attention-based transformer ] ~ 'Onceupon a time . .. happily ever after"

models can be leveraged word, word, word, word, .- word, . word, , word,, [L[LM
Analogy to Large Language Models (LLMs) > i
o Quantum operations are analogous to words -
o Quantum circuits analogous to sentences ] ~

o When trained, GPT-QE generates a sequence of
operations to form a circuit

g o & h«%

Training learns weights in GPT model [].
o Cost function compares current prediction to measure J1
of desired circuit output

.72 3 JN

GPT-QE

.
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bg GLADIO < Finding cures. Saving children.
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https://arxiv.org/abs/2401.09253
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Generative Circuit Design for QSCI
First GPT-designed circuits validated at 32-qubit scale

. . . e Optimization LOOD oo
* QSCI needs well-designed circuits under hardware noise

(D Generate a batch of @ Sample Slater dets ® Construct Subspace up @ Diagonalize
M Circuits (+Symmetry Completion) to dax dimension

* GQE — Transformer optimizes ansatz via QSCI energy

[ | v L |
> B e, —»
HE—e B B emem B

e

dmax

— [1100),|1010),|1001) ... —> —  Davidson — E®, ‘1/,(1))

— |1100),[0011),]0101).. — S¥  — Davidson — E®, ‘¢(2)>

max

ll=i 2 £==lo —

B D S
b ERL AR law TP
mEEl,  lmmmml -

= 1T © TR e =4 : : -
— L T — —> |1100),11001),[0110)... — S{”  —>  Davidson — E(M),\IIJ(M)>

* QSCI — Samples determinants, diagonalizes in subspace

P @ thlg) I Merge & Refinement

. Local Refinement:  Global Refinement: .
- . (1) (M) _ —
32 qubits 98% fewer 83% fewer GQE + QSCl )= () ) )= () )
| (i: iteration number, R: Refinement map) |
N, validated at 2Q gates Vvs. 2Q gates vs. Transformer
32-qubit scale Trotter ansatz gDRIFT baseline optimizes
(@) 1.1A (c) 2.5A
ansatz energy : ;
o 107 RS 1071
— 10-2. . 102 10-2-2 ‘\\*\\ —
o NN
>, | 5 f ) S
E) 10_5-; 10_53 10-5
2 f f ]
[ 1076 1076 10‘6-?
Keio University 10_75 1077 - 1077
MITSUBISHI 0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
CH FM |C AL ((DZ Number of Slater determinants Number of Slater determinants Number of Slater determinants
GROUP GQE-optimized circuit —%— Single time-evolved —#+— Ground state
Q}( \OQ' i ) ) i nVIDI A@ —— Local refined —A&— Multiple time-evolved —+— HCI
7, 1858 & M|tSU blShl Chem|Ca| —— Global refined —— SqDRIFT Chemical precision
S oLap0®” —e— LUC]
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Auger Spectroscopy via GQE

Generated circuits match FCl and experiment for H,O Auger spectra

* Auger spectroscopy needs many excited states

— -
Step 1: GQE Step 2: g-sc-EOM
Generated circuit U (£€)
. : ; CVS-1P
* Hybrid quantum-classical > | Auger
A Ull [T.. 5 . s s U’—'d l_)r( e i?* -
— GQE + g-sc-EOM + OCA N RN docy
DIP

GPT

* GPU-accelerated via CUDA-Q

/-‘n
E... transition RDNMs

\ J \

Eyp. Epip, transition RDMs

* Validated on H,0 — matches FCl & experiment

Yy
fa b fa
* GQE halves gate count vs. VQE Step 3: OCA Auger Spectrum
- A
\, 4 Ean™"s Tri | £ :
Fill  o(J)*

Atomic integrals

(XElmXecl|XvXp)
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Our system: Local LLM + MCP + hybrid quantum backends

(1) Prompt submission

ORE Ccheduler ; Ollama LLM : Local LLM inside ABCI-Q
B - - ———— MCP-based tool

dispatch

Unified local / remote

execution

run  expenmentsh

User
qsub Ibatch)

Natwra! Laoguasge Prompt

(2) Local LLM inference

CPU or 1 GFPU
NVIDIA H100

(3) MCP tool selection : (5) Result return

¥

PBS Scheduler ﬁ mcp core chent.py
Tool Job Qunu MCP Clearme

) | ) Quantinuum Nexus
Avadabile Tools: S— S — H2-1E |Emulater)
aampher gaem codag
‘-'.m:-m_q:un_qu)ur.'.,um
elimator  gasm_ cudag

gt guantinuum_ result s 8 : M2-1 IQ P :l
' '

-4 GPUs (scalable)
NVIDIA H100

Local deployment keeps execution inside ABCI-Q

Shiraishi et al., “A Model Context Protocol Server for Quantum Execution in Hybrid Quantum-HPC Environments,” QCNC 2026, Kobe, Japan, pp. 1-6. SANVIDIA I



Result 1: Automated GHZ sampling on ABCI-Q Supercomputer (GPU Nodes’)

GHZ sampling (2000 shots)

1016 084
@ Submit prompt (50.8%) (49.2%)

@ LLM inference > MCP sampler tool

(3) PBS job > CUDA-Q on NVIDIA H100

000 111
Measurement outcome

|000) = 0.50, |111)=0.50

Shiraishi et al., “A Model Context Protocol Server for Quantum Execution in Hybrid Quantum-HPC Environments,” QCNC 2026, Kobe, Japan, pp. 1-6. SANVIDIA I



Result 2: Asynchronous execution on Quantinuum (Emulator)

Quantinuum H2-1E (100 shots)

(1) Submit job

S7

@ Receive job ID

@ Retrieve result
1

1111) |000) 1110)
Measurement outcome

Shiraishi et al., “A Model Context Protocol Server for Quantum Execution in Hybrid Quantum-HPC Environments,” QCNC 2026, Kobe, Japan, pp. 1-6. SAnviDIA I



Result 2’: IBM Quantum Platform from ABCI-Q

LLM resources: rt_QG=1, walltime=01:00:00
Tool resources: rt_QG=1, walltime=00:20:00

IBM Quantum Platform
Submitted: 141325.q9jcm

Output for register "c"

Waiting for job to complete...

Measurement outcomes

=== LLM Job Started on gh238 ===
Job ID: 141325.qjcm
Date: Sat May 23 12:42:00 AM JST 2026

Bit-by-bit outcomes

Sort by Outcome representation Frequency threshold

Q. Search

4 492

Measure outcome (low to high) v Binary % 3 3 bl

Starting Ollama server...
Ollama PID: 2991794
/0Ollama is ready (attempt 2)

=== Running MCP Host ===

[

=== Job Completed ===

Exit code: © 400

Result:
{ 300
"job_1id": "d887kk5g7o0kc73en70eg",
| "device": "ibm_kingston",
. "shots": 1000,
"counts": { 200
"900": 492,
111" : 465,
"910": 8,
"611" . 18, 100
1119
"100" :

LGl . — = _

Frequency

I

I
I

492

Masaki Shiraishi's Account

W o1 o W

n | Y
601 * 010]0) 001 010 011 100
} ! Measurement outcome

"probabilities": {
"900": 0.492,
*111": ©.46D,
"910": 0.008,
"911": 0.018,

g Shots
0
"110": 0.003,
0
0
0

1000

"100": 0.006,
"101": 0.005,
"901": 0.003

Shiraishi et al., “A Model Context Protocol Server for Quantum Execution in Hybrid Quantum-HPC Environments,” QCNC 2026, Kobe, Japan, pp. 1-6.
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