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The Munich Quantum VaIIey initiative develops quantum computation
and quantum technologies in Bavaria.
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Mission of MQV

The primary goal of the Munich Quantum Valley initiative is
developing and operating competitive quantum computers
in close cooperation with strong industry partners and visionary
start-ups and making them available for a broad range of
applications.

The Munich Quantum Valley initiative develops quantum computation

and quantum technologies in Bavaria. It links universities, research institutions and industry, and
fosters research and industrialization
of quantum technologies throughout Bavaria.
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Mission of MQV

The primary goal of the Munich Quantum Valley initiative is
developing and operating competitive quantum computers
in close cooperation with strong industry partners and visionary

Y o LT e e )V = start-ups and making them available for a broad range of
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The Munich Quantum Valley initiative develops quantum computation

and quantum technologies in Bavaria. It links universities, research institutions and industry, and

fosters research and industrialization
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Leibniz-Rechenzentrum

der Bayerischen Akademie der Wissenschaften

EURO-Q-EXA

PRACTICAL, SCALABLE AND RELIABLE EUROPEAN
QUANTUM-ACCELERATED EXASCALE-CLASS COMPUTING

SPONSORED BY THE

k Federal Ministry
of Education
and Research

A Two-stage system delivery,
all superconducting

A 53 qubit in 2025

A 100-150 qubit in 2026
A Academic and industrial use
A Inauguration: Spring 2026

Progressively tighter HPCQC integration and
demands on vendor
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Quantum computers will not replace HPC.

Quantum accelerators are HPC.

From HPC to HPCQC: Software Foundations for Hybrid Classicali Quantum Computing, Martin Schulz, TUM, HPCSE, May 21st 2026



wWhy HPC-QC?

Quantum Computing

High-Performance
Computing
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New compute capability that adds to
the supercomputing portfolio.



HPCQC Integration 'I'I.m

Strategy: Quantum Computing as Accelerator for HPC

Usage as accelerator for HPC workloads
A Intended for fine-grained kernels within larger applications or workloads
A Targeted towards very specific workloads and kernels
A Tight interactions needed for variational algorithms
A Similar to other accelerators, on-node (like GPUs, FPGAS) or dissaggregated (like Al HW)

Quantum Computing as a stand -alone system not viable at growing scales
A Complex control systems, especially when moving to FT-QC systems
A Data staging and post-processing
A Complex compilation and runtime environment with high demands need HPC

Consequences: HPC and QC as a single HPCQC system
A Requires tools and models to extract application components relevant for acceleration
A Requires easy access for HPC community to QC programming (or library usage)
A Requires integration into a single programming environment / software stack
A Requires unified user access/management/experience
A Requires close hardware integration (single system) for latencies and management

From HPC to HPCQC: Software Foundations for Hybrid Classicali Quantum Computing, Martin Schulz, TUM, HPCSE, May 21st 2026
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How to connect to/integrate with
existing compute & HPC
to enable quantum acceleration?
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MQSS Requirements

— MQSS

Munich Quantum
n Software Stack

Support a wide range of QC modalities
A Find common abstraction among modalities
A Query properties from concrete systems where needed

Support a wide range of programming models and abstractions
A Decouple programming model from support stack, compiler and back-end
A Enable models from existing Python/Scripting models to high-performance approaches

Support HPCQC integration
A Integrate QC into the existing HPC ecosystem as a specialized accelerator
A Hybrid programming abstractions building on HPC models and languages

Support efficient resource utilization
A Efficient, hierarchical scheduling combined with resource and runtime predictions

A Optimize qguantum compilation and optimization on modern hardware

Support easy system management
A Comprehensive monitoring and Online Data Analytics
A Easy user and system management through configurable, modern portal interface

Support internal and external users and installations

AMQV



Desigrof the runtime core, the compiler — MQSS

Munich Quantum
n Software Stack

Device Constraints ( Calibration
and Characteristics? ?

Device - agnostic
Compilation Passes

Device - specific

Compilation Passes

Available Devices?

Status? Job Submission?
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Desigrof the runtime core, the compiler — Mass

Software Stack

QQ Github.com/
Munich-QuantumSoftwareStack/QDMI

Device - specific
Compilation Passes

Device - agnostic
Compilation Passes
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Integration of a Wide Range of Backends — MQSS
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QDMI is Avallable Open Source

QDMI: Quantum Device
Management Interface

A Manage job execution
A Various levels of abstraction

Enables information retrieval
A Static device properties
A Pre-analysis of results
A Live system status
A Environmental sensor data

QDMI is already being leveraged
by Academic and Industry Leaders
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Compatibility to QDMI
EVIDEN «% parityqc
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[IJ README &[2 Apache-2.0 license
]
— MQSS
@ Y O
QDMI — Quantum Device Management Interface

H DOCUMENTATION

The Quantum Device Management Interface (QDMI) is one of the core components of the Munich Quantum
Software Stack (MQSS)—a sophisticated software stack to connect end users to the wide range of possible
quantum devices. It enables the submission to and the control of gate-based quantum systems and enables
software tools to automatically retrieve and adapt to changing physical characteristics and constraints of different
platforms. QDMI strives to connect the software and hardware developers, mediating between their competing
interests, bridging between technologies, and eventually providing corresponding figures of merits and constraints
to be considered. QDMI is therefore the method of choice for integrating new platforms into the MQSS and for
software tools to query information from these platforms. QDMI is provided as a collection of C header files to
allow fast integration into an HPC environment.
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https:// github.comMunich-QuantumSoftware Stack/QDMI
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Munich Quantum
Software Stack

Remote Connection via QDMI ; MQss

Co-located
QDMI
Device
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Munich Quantum
Software Stack

Remote Connection via QDMI .."';E. MQss
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Remote Connection via QDMI — Mass

Munich Quantum
Software Stack
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Remote Connection via QDMI — Mass

Munich Quantum
Software Stack
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Remote Connection via QDMI
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Integration Options via QDM .'::. MQSS
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Munich Quantum
Software Stack

Easy Access for Industry Peak ——
A Quantum integration across partners Quantum i
A Open for more partner sites ¥ plangc
A Common interface for heterogeneous systems | QM
A Consulting and support
A Integration into Centers of Excellence
A QDMI Network as the driver F4PASQAL
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Quantum Pathway W S
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The MQV Quantum Pathway program is a one-stop shop that connects current industry problems to quantum solutions and i —
3 e e 3 5 2 2 s A A S Your next step onto the — —
MQV expertise. Through lightweight joint research projects, it provides industrial users with assistance, training, and co-de- - e m—_
" R i © Quantum Pathway [ - — - ——
of omp g applications tailored to their needs. - -

— —— —

— 1 —

= Quantum Pathway's vision is to ensure that German industry can access q P s with mini barriers, scientifi- Let's get in touch!
cally evaluate them for their applications, and recognize their use in an industrial environment before the competition does. Santiiis an amall

Quantum Pathway's vision is to minimize the barriers to accessing quantum computers for industry partners, enable scientific

evaluation of their applications, and facilitate their adoption in an industrial environment before the competition does.
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Integration of a Wide Range of Backends — MQSS

Munich Quantum
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MQSS Architecture — Mass

Munich Quantum
Software Stack

System ; User and System Management Telemetry/ODA & MQV System
Administrators (Authentication, Configuration, Quotas, Operations) ¢ System Configuration Back-ends
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Extracting Topology Information with Sege = Mass

Munich Quantum
n Software Stack
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MQSS Architecture — Mass

Software Stack
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MQSS Components Catalog

B

—_ MQSS

Munich Quantum
n Software Stack

FrontEnd
QPI: Hybrid Programming from C/C++
A LRZ/LS & TUM/MS: Erciiment Kaya

FPQA Compiler for Max3SAT problems
A TUM/ PB: Ojuzcan

gTPU: Large circuits as tensor networks
A TUM/PB: Nathaniel Tornow

ISV Job execution for Spin Hamiltonians
A LRZ/LS: Burak Mete and Tobias Bauer

MQT QECC: EC quantum circuit preparation
A TUM/RW: Lucas Berent

Parallel circuit extraction from ZX Diagrams
A LMU/DK: Karl Fihrlinger

GA4QCD: Application -specific synthesis
A LMUJ/CLP: Leo Suinkel

gcd -gym: Circuit builder/optimizer using RL
A LMU/CLP: Philipp Altmann

Middle-End

MQT Predictor: Predict suitable back
A TUM/RW: Nils Quetschlich

MILQ: Assigning circuits backends

-ends

Kér merpi kKA TUM/CM: Philipp Seitz and Manuel Geiger

Al-based compiler path selection

A LRZ/LS& TUM/MS: Al eksandr a
MQT QMAP: Topology mapping of circuits

A TUM/RW: Lukas Burgholzer

MQT QCEC: Tool for equivalence checking
A TUM/RW: Lukas Burgholzer

MQT Qudits: Compilation for multistate Qbits
A TUM/RW: Kevin Mato

Quantum constant propagation
A TUM/HS: Yanbin Chen

Mid-Circuit measurement reduction
A TUM/HS: Innocenzo Fulginiti

$

BackEnd

Hardware backend development with partners
A LRZ/LS: Jorge Echavarria

FoMaCs via Sys -Sage tool library
A TUM/MS: Stepan Vanecek

Unified Quantum Platform (UQP)

Vi e A KOMINSK Amr Elsharkawy

Quantum Control Processor (QCP) and ISA
A TUM/MS: Xiaorang Guo

Simulator: MQT DDSIM
A TUM/RW: Lukas Burgholzer

Simulator: Tensor networks
A TUM/CM: M. Geiher and Q. Huang

Simulator: Parallel Clifford+T
A LMU/DK: Florian Kroetz

Simulator: Back -ends for HPC simulators
A LRZ/LS: Marco De Pascale

Munich Quantum Portal (MQP) and plugins
A LRZ/LS: Marco De Pascale

Resource prediction and circuit scheduler
A LRZ/LS: Minh Chung

0T Environment / ODA / Digital Twins
A LRZ/LS & TUM/MS: H. Ahmed and Y. Gambo

HPC scheduling
A LRZ/LS & TUM/MS: Nufail Farooqi

Ope}rations, Configuration, Calibration
A LRZ/LS: Matt Tovey and Xiaolang Deng
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HPCQC Workflow — Mass
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