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The Munich Quantum Valley: Full-Stack QC Systems

Three technologies; One stack
 Superconducting Qubits
 Neutral-atom Qubits
 Trapped-ion Qubits

Seven Consortia/Coordinated Projects
 Seven core partners
 Several associated projects with 

different funding organizations (Germany, 
EU, …)

 Plus Industrial Partners, Startups, and 
Lighthouse Projects

 Educational components
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The HPCQC Workflow
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HPCQC Integration

SW-Level View
 Design of programming models
 Execution Schedulers
 Runtime Environments
 Seamless Integration

HW-Level View
(a) Loose Integration – Standalone
(b) Loose Integration – Co-located
(c) Tight Integration – Co-located
(d) Tight Integration – On-node.
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Challenges on the Optimal Way

Communication Overhead for Conditional Logics
 Hybrid algorithms need large amount of communications between quantum and classical 

processors
 Mid-circuit measurement & Feedforward logic

 Eat away quantum advantages
 Worse case: Exceeds coherence time

Cross-Technology Control
 Each existing backends only supports specific physical modality
 Demand an individual compiler for each backend controller

NEED!
Unified platform (Software environment & Control Processor) 
to dampen the overhead and achieve cross-technology control
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Targeting Layers
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Unified Quantum Platform – Overview
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Unified Quantum Platform – Architecture
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Runtime Environment

Instruction Set Architecture

Microarchitecture - FPGA

Bridge the Gap Between HPC Systems and Various Quantum Platforms: A Unified Quantum Platform| 24/02/2025



Chair of Computer Architecture and Parallel Systems  Department of Computer Engineering  Technical University of Munich

Xiaorang Guo @ QSE 2025

Unified Quantum Platform – Unified Runtime Environment
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Map Quantum Intermediate Representation to Binary Instructions
 Takes care of scheduling instruction (“e.g., timing)
 Takes care of allocating memory (“e.g., registers)
 Generate the binary instructions

 Map to hybrid (classic and quantum) instructions according to customized ISA

Work-in-progress
 Develop an internal representation that accommodates the hybrid instructions
 Investigate hybrid classical-quantum execution protocols/workflows. 
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Unified Quantum Platform – Unified Instruction Set Architecture
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Current Features
 Hybrid Instruction Set

 Mixed length of instructions
− Standard 32-bit instructions

− Special Long instructions (128 bits)
 Fine-grained qubit control
 Mixed addressing mode: Immediate & 

Sliding Mask
 Support superconducting qubits & 

neutral atoms
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Unified Quantum Platform – Unified Quantum Control Processor
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Features
 Built on HiSEP-Q (A Highly Scalable and 

Efficient Quantum Control Processor for 
Superconducting Qubits )
− QCP designed for superconducting 

qubits

 Technology-shared logics + Specialized 
acceleration block

 Switch control to change the modality

Example with Neutral-Atom Application
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Microarchitecture – Processing Core
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Evaluation - Experiment Setup 
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Dataset (Quantum Circuits)
   Munich Quantum Toolkit (MQT) Bench – Workflow 
experiments
   Real quantum circuit: Grover’s operator (GO) & 
Synthetic circuits – QCP experiments

Hardware Setup
   Operating System: Linux 
   CPU: 13th Gen Intel(R) Core(TM) i9- 13900HX
   FPGA : Xilinx ZCU216 & Pynq Z2
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Evaluation -  Workflow Verification I
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Evaluation -  Workflow Verification II
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Mapping Workflow
a) Quantum circuits representing bell state 

in qiskit
b) Corresponding QIR implementation

• Each instruction is represented by an 
external function call to the backend 
runtime library

c) Binary instructions
d) Waveform generation

• By the control logics on FPGA
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Evaluation - Memory and Time Performance
 Super-linearly scales with the number of qubits (size of quantum codes)

 Software infrastructure can expand to accommodate this growth without facing 
exponential increases in resource

 Guarantee for the usability in  larger and more complex quantum algorithms
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Evaluation – QISA Efficiency
 Comparing with state-of-the-art works [2]  

using 100 qubits (exclude eQASM, as  100 
qubits are not supported).

 Four datasets: GO and synthetic  quantum 
circuits with varied gate density.
− Gate density : (the degree of the available 

gates implemented in the circuits at the same 
time)

 62% improvement in real quantum circuit

 Average 28% improvement in synthetic  
circuits
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Less efficient in the synthetic circuits:

In synthetic circuits there are high-density two-qubit gates at the same time stamp. As we use immediate mode to address two qubit operations, we need more efforts to encode this kind of operation.
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Evaluation – QISA Scalability

 Scalability performance

 Two datasets: GO and synthetic quantum circuits with 50% gate density.

 HiSEP-Q: Logarithmic increase 
− Trend of increase is significantly lower than QUASAR
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Evaluation - Microarchitecture

 Zynq SoC implementation

 Constant power consumption

 Negligible overhead of onboard histogram

 Logarithmically increased resource utilization with number of qubits
− Only 30% of LUT and 15% of LUTRAM, when testing with 96 qubits
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Conclusion & Outlook
Conclusion

 We implemented an abstraction layer needed to 
realize a unified quantum platform
− A novel unified runtime library
− A unified hybrid ISA and QCP

 Comprehensive workflow verification
 The first idea of a unified and open quantum 

platform and to implement it within a tight 
HPCQC integration setup
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Future work:
 Extension & optimization of the ISA and 

corresponding QCP
 Extension of the execution/runtime 

environment. 
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