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What is a Pulse?
Munich Quantum Software Stack - MQSS
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Potential Use Cases
Munich Quantum Software Stack - MQSS

Ø Extended Supported 
Gate Sets

Ø Automated Calibration

Ø Pareto-optimal Gate 
Pulse Implementation

Ø Pulse-level VQEs

Ø Dynamical Decoupling

Ø Marketing
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Source: WMI; Modality: Superconducting

MQV’s Munich Quantum Software 
Stack MQSS

The MQSS is the output of the Q-DESSI1 (K5) 
consortium of the Munich Quantum Valley
(MQV)

Our mission is to develop a:

Ø comprehensive,
Ø extendable, and
Ø flexible open-source

software for full-stack quantum computing 
systems.

1 Quantum Development Environment, System Software & Integration

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10 5
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Source: planqc; Modality: Neutral Atoms System

MQSS Solutions

§ Munich Quantum Portal 
MQP

§ Quantum Programming Interface 
QPI

§ Quantum Resource Manager 
QRM

§ Quantum Device Management Interface 
QDMI

§ …
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Source: AQT; Modality: Ion-trap System

MQSS Services

§ Noiseless Simulation

§ Noise-based Simulation

§ JIT Compilation and Optimization

§ Telemetry-based Error Mitigation

§ Automated Calibration

§ Pulse-level Control

§ …
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Integrating Pulse-level Support
Munich Quantum Software Stack - MQSS
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Integrating Pulse-level Support
Munich Quantum Software Stack - MQSS
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Integrating Pulse-level Support
Munich Quantum Software Stack - MQSS
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Integrating Pulse-level Support
Munich Quantum Software Stack - MQSS

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10



12

Integrating Pulse-level Support
Munich Quantum Software Stack - MQSS
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Integrating Pulse-level Support
Munich Quantum Software Stack - MQSS
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Status Quo
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Status Quo
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A True Full Software Stack
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A True Full Software Stack
Munich Quantum Software Stack - MQSS
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Challenges Identified
Munich Quantum Software Stack - MQSS
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Munich Quantum Software Stack - MQSS
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Munich Quantum Software Stack - MQSS
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Munich Quantum Software Stack - MQSS
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Summary
Munich Quantum Software Stack - MQSS

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Ø Challenges

v User Interface

v Device Interface

v Intermediate Representation

v Exchange Format
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Path to MQSS-pulse
Munich Quantum Software Stack - MQSS

C-based Quantum Programming Interface

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10
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Munich Quantum Software Stack - MQSS

LLVM/IR-based compilation

C-based Quantum Programming Interface

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Path to MQSS-pulse
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Munich Quantum Software Stack - MQSS

Technology-agnostic device-side interface

LLVM/IR-based compilation

C-based Quantum Programming Interface

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Path to MQSS-pulse
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Munich Quantum Software Stack - MQSS

HPCQC integration

Technology-agnostic device-side interface

LLVM/IR-based compilation

C-based Quantum Programming Interface

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Path to MQSS-pulse



28

Munich Quantum Software Stack - MQSS

LLVM/MLIR-based compilation

HPCQC integration

Technology-agnostic device-side interface

LLVM/IR-based compilation

C-based Quantum Programming Interface
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Path to MQSS-pulse
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Munich Quantum Software Stack - MQSS

The MQSS

LLVM/MLIR-based compilation

HPCQC integration

Technology-agnostic device-side interface

LLVM/IR-based compilation

C-based Quantum Programming Interface
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Path to MQSS-pulse
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Munich Quantum Software Stack - MQSS

Pulse-support

The MQSS

LLVM/MLIR-based compilation

HPCQC integration

Technology-agnostic device-side interface

LLVM/IR-based compilation

C-based Quantum Programming Interface

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Path to MQSS-pulse
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Pulse Abstractions

3 While hiding the complexities of the device’s underlying technology

Munich Quantum Software Stack - MQSS

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Ø Port

v Software abstraction representing any input or output component controlling qubits

v It allows a hardware vendor to provide relevant actuation knobs they wish to 
expose to the user in order to manipulate and observe qubits3
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Pulse Abstractions

Ø Waveform

v Time-dependent envelope that can be used to emit signals on an output port or receive
signals from an input port

Munich Quantum Software Stack - MQSS

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10
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Pulse Abstractions

5 When capturing signals from a qubit, at minimum a frame determines the time at which the signal is captured

4 When transmitting signals to the qubit, a frame determines: a) time at which the waveform envelope is emitted, b) its carrier frequency, 
and c) its phase offset

Munich Quantum Software Stack - MQSS

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Ø Frame

v A software abstraction that acts as4,5: 

§ Clock within the quantum program with its time being incremented on each usage

§ A stateful carrier signal defined by a frequency and phase
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Summary
Munich Quantum Software Stack - MQSS

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Ø Challenges

v User Interface

v Device Interface

v Intermediate Representation

v Exchange Format

Ø Abstractions

v Frame

v Waveform

v Port



35Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Quantum Resource Manager and 
Compiler Infrastructure(QRM&CI)

…

QDMI Device
Ion Trap

QDMI Device
Classical Simulator

QDMI Device
Neutral Atoms

QDMI Device
Superconducting

Middle-end Back-end

Intermediate Representation

Scheduler
Compiler

Pass Runner

Passes
DB

FoMaC
lib.

Quantum 
Device 

Management 
Interface
(QDMI)

Device Interface

Exchange Format

User Interface

Remote

Dashboard

HPC
Daemon

MQSS Client

Python 
Interface

C/C++
Interface

RE
ST

-C
lie

nt
HP

C-
Cl

ie
nt

Python
MQSS 

Adapter

Eg: Qiskit, CUDAQ, 
Pennylane, …

C/C++
MQSS 

Adapter

Eg: QPI, CUDAQ, …

Remote Access

HPC Access

Front-end



36

Current MQSS Adapters

CUDA-QQPI

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Upcoming MQSS Adapters with pulse-level support

User Interface
MQSS Pulse

QPI
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cal { ... }

• The cal (calibration) block is where you describe pulses and
measurements directly (rather than high-level gates)

• Anything inside here is interpreted as a pulse program

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Calibration block

MQSS Pulse
User Interface – MQSS Braket Adapter
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cal { ... }

• The cal (calibration) block is where you describe pulses and
measurements directly (rather than high-level gates)

• Anything inside here is interpreted as a pulse program

.

.

.

.

.

.

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

MQSS Pulse
User Interface – MQSS Braket Adapter

Calibration block (OPENQASM 3.0 cal { … }) ü OPENQASM 3.0 cal { … } à OpenPulse (waveform)
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cal { ... }

• The cal (calibration) block is where you describe pulses and
measurements directly (rather than high-level gates)

• Anything inside here is interpreted as a pulse program

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

MQSS Pulse
User Interface – MQSS Braket Adapter

ü OPENQASM 3.0 cal { … } à OpenPulse (frame)Calibration block (OPENQASM 3.0 cal { … })
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cal { ... }

• The cal (calibration) block is where you describe pulses and
measurements directly (rather than high-level gates)

• Anything inside here is interpreted as a pulse program

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

MQSS Pulse
User Interface – MQSS Braket Adapter

ü OPENQASM 3.0 cal { … } à OpenPulse (port)Calibration block (OPENQASM 3.0 cal { … })
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MQSS Pulse
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Native

User Interface – MQSS Braket Adapter
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MQSS Pulse
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Native

User Interface – MQSS Braket Adapter
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User Interface – MQSS Quantum Programming Interface (QPI) Adapter
MQSS Pulse

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10
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Intermediate Representation – The Path to Pulse-level Control

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

MQSS Pulse
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Intermediate Representation – The Path to Pulse-level Control
MQSS Pulse
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Low
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Level of
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Back-end
Runtime & Compilation Flow

Source code

Intermediate Representation – The Path to Pulse-level Control
MQSS Pulse
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Ø “Traditional” pulse compilation workflow:

1. Quantum operations are translated into pulse-level operations

2. Pulse-level operations are optimized and scheduled

3. Optimized and scheduled pulse-level operations are lowered to hardware primitives

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Intermediate Representation – MLIR Dialects
MQSS Pulse
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IBM’s  pulse

Ø IQM’s Quantum Engine Compiler (qe_compiler) supports the following MLIR dialects:

v OpenQASM3 IR (oq3)

v Quantum IR/dialect (quir)
ü Consistent with QDMI Operations2

v Pulse IR (pulse)
üConsistent with OpenPulse

Ø Seamless translation from gate-level quantum circuits into sequences of pulse operations on 
frames using MLIR pulse calibrations that the compiler receives as input

2 Quantum Operations ≡ Gates & Measurements

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

Intermediate Representation – MLIR Dialects
MQSS Pulse
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Intermediate Representation – MLIR Dialects
MQSS Pulse

IBM’s  pulse
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MQSS Pulse
Device Interface – Quantum Device Management Interface (QDMI)

The Structure of the QDMI

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10
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Opaque Pointers in QDMI

Ø Objects such as sessions, jobs, devices, sites, and operations are opaque pointers

Ø Pointers to a data structure that is not defined in the header file

v The actual implementation is only known to the entity that defines the object

v They allow changing the internal representation of the object without breaking the 
client code

v Opaque pointers effectively serve as type-safe IDs that are checked statically by the 
compiler

à More stable and easier to maintain interface

hardware provider

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

MQSS Pulse
Device Interface – Quantum Device Management Interface (QDMI)
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Opaque Pointers in QDMI
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MQSS Pulse
Device Interface – Quantum Device Management Interface (QDMI)
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Opaque Pointers in QDMI
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MQSS Pulse
Device Interface – Quantum Device Management Interface (QDMI)
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Opaque Pointers in QDMI
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MQSS Pulse
Device Interface – Quantum Device Management Interface (QDMI)
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Opaque Pointers in QDMI
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MQSS Pulse
Device Interface – Quantum Device Management Interface (QDMI)
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Opaque Pointers in QDMI

New potential candidates

Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

MQSS Pulse
Device Interface – Quantum Device Management Interface (QDMI)
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Enums in QDMI

Ø QDMI relies on enumerations to define properties for sessions, jobs, devices, sites, and 
operations

Ø For each type of property, a corresponding enumeration is defined

Ø We do not define a separate function for each property à the value of a property is 
retrieved by calling a single function with the property enumeration as an argument

Ø QDMI’s enumerations allow adding new properties without breaking the interface

Ø If a new property is added, the corresponding enumeration can be added to the 
interface without changing the existing functions

à More compact, extensible, and predictable interface
Jorge Echavarria | Tackling the Challenges of Adding Pulse-level Support to a Heterogeneous HPCQC Software Stack | ZKI | 2025.09.10

MQSS Pulse
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Enums in QDMI

…
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Pulse-related Enums in QDMI

…

Non-exhaustive list1

1 Property types not mentioned: a) Pulse channel properties, b) Pulse operation properties, and c) Site properties.
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Routines in QDMI

…
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Pulse-related Routines in QDMI
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Join the conversation
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Ø https://tiny.badw.de/gSkYAK

Ø -
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Exchange Format – Quantum Intermediate Representation (QIR) 

QIR-Pulse

Ø The LRZ as a member of the steering committee of the QIR Alliance will lead a workstream for
creating QIR-Pulse

v We suggest creating Pulse Profile and modify the output schemas accordingly

v The QDMI specification will adopt QIR-Pulse as the default pulse exchange format but it will 
also support OpenPulse and IQM-Pulse
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Prototypical extension 
to the       specification 

enabling pulse-level 
support

Exchange Format – Quantum Intermediate Representation (QIR) 
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Ø Goal: Remove obstacles to pulse-level quantum control in HPCQC integration with the MQSS

Ø Pulse abstractions: Ports, frames, and waveforms supported at front-end, middle-end, and back-
end of a heterogeneous HPCQC software stack similar to MQSS

Ø Challenges: User interface, device interface, intermediate representation, and exchange formats 
require pulse abstractions support

Ø Compatibility: Native pulse representation across the stack preserving HPC 
scheduling/execution models

Ø Impact: Enables pulse-aware hybrid workloads (calibration, custom waveforms) and new 
quantum-accelerated algorithms for near-term hardware

Final Thoughts
MQSS Pulse
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Academic and Industry Leaders Supporting MQSS Pulse
MQSS Pulse


