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The Munich Quantum Toolkit @wmm
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A Toolfor Solving Problems Using
Quantum Computing

Application
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Intermediate Representation

#include <mgt-core/ir/QuantumComputation.hpp>
#include <memory>
#include <vector>

int main() {
gc::QuantumComputation circ(2, 1); // 2 qubits, 1 classical bit

gcircuit.h(@); // Apply Hadamard to qubit ©

// Create CNOT operation:
auto cnot =

control @, target ql

std: :make_unique<qc::StandardOperation>(
std::vector<qgc::Qubit>{0@, 1}, qc::0pType::X

)5

circ.emplace_back(std::move(cnot));
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Intermediate Representation — QASM (quantum-first)

MUNICH
@ANTUM
TOOLKIT

" DDSIM

#include <mgt-core/ir/QuantumComputation.hpp>
#include <mgt-core/qasm2/Importer.hpp>

< QMAP T

#include <string> MQT COfé:‘,’.:"’-' 1 ._’ .:.‘

std::string gasm_str = R"(OPENQASM 2.0; Q.QQEEF-.J

include "stdgates.inc"; | f'oéyéed.nf
qubit[2] qg; et
h q[e];

cx q[e], q[l1];

)"

gc::QuantumComputation circ = gasm3::Importer::imports(qasm_str);

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., Izaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.



Intermediate Representation — QASM (quantum-first)

MUNICH
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TOOLKIT

7 'DDSIM ™

#include <mgt-core/ir/QuantumComputation.hpp> aMA!;
#include <mgt-core/qgasm3/Importer.hpp> — m—t

.
.

#include <string> MQT CO';,....:."' 1 % ... .....-\
std::string gasm_str = R"(OPENQASM 3.0; *~.F¥EE?-.:>
include "stdgates.inc"; Ii:.éyéed.hﬁ
qubit[2] q; e =
bit c[1];
h q[e];
c[@] = measure q[0];
if (c[e]) {

cx q[e], q[1];
)"

gc::QuantumComputation circ = gasm3::Importer::imports(qasm_str);

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., Izaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
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Intermediate Representation
EET
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. DDSIM
#include <mgt-core/ir/QuantumComputation.hpp> " aMAF;
#include <memory> e h-:____i'“
#include <vector> '~'-'.'.':.MOT Core:,'.:'-"' o I'.:.._ :.?
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int main() {
gc::QuantumComputation qcircuit(2, 1);

circ.h(0);

circ.measure(0, 90);

auto cnot = std::make_unique<qc: :StandardOperation>(
std::vector<qc::Qubit>{0@, 1}, qc::0pType::X);

circ.ifElse(std::move(cnot), nullptr, /*then and no else*/
/*control bit=*/0, /*expected value=*/true);

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., Izaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
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Intermediate Representations — MLIR (classical-first_) | "_lTl
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Intermediate Representations — MLIR
‘e0e® ' |

module {
func.func @sum(%n: index) -> index {
%CcO = arith.constant @ : index
%cl = arith.constant 1 : index
%res = scf.for %i = %c0O to %n step %cl
iter_args(%acc = %c@) -> index {
%acc2 = arith.addi %acc, %i : index
scf.yield %acc2
}

return %res : index

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
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Intermediate Representations — MLIR
‘e0e® ' |

module {
func.func @sum(%n: index) -> index {

%CO = arith.constant @ : index

%cl = arith.constant 1 : index

%res = scf.for %i = %c0O to %n step %cl

iter_args(%acc = %c@) -> index {

%acc2 = arith.addi %acc, %i : index
scf.yield %acc2

}

return %res : index

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
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Intermediate Representations — MLIR
‘e0e® ' |

module {
func.func @sum(%n: index) -> index {

%CcO = arith.constant @ : index

%cl = arith.constant 1 : index

%res = scf.for %1 = %cO to %n step %cl

iter args(%acc = %c@) -> index {

%acc2 = arith.addi %acc, %i : index
scf.yield %acc2

}

return %res : index

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.

16



Intermediate Representations — MLIR
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Intermediate Representations — MLIR
‘e0e -

module <
func.func public @circuit() attributes {..} {

%0 = quantum.alloc( 2) : !quantum.reg
%1 = quantum.extract %0[ @] : !quantum.reg -> !quantum.bit
%2 = quantum.extract %0[ 1] : !quantum.reg -> !quantum.bit
%out_qubits = quantum.custom "Hadamard"() %1 : !quantum.bit
%out _qubits ©0:2 = quantum.custom "CNOT"() %2, %out qubits
Ilquantum.bit, !quantum.bit
%3 = quantum.insert %0[ @], %out_qubits O#1 : !quantum.reg, .
%4 = quantum.insert %3[ 1], %out_qubits O#0 : !quantum.reg, .
quantum.dealloc %4 : l!quantum.reg
return

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.
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Intermediate Representations — MLIR
‘e0e -

module <
func.func public @circuit() attributes {..} {

%0 = quantum.alloc( 2) : !lquantum.reg

%1 = quantum.extract %0[ @] : !quantum.reg -> lquantum.bit
%2 = quantum.extract %0[ 1] : !quantum.reg -> !quantum.bit
%out_qubits = quantum.custom "Hadamard"() %1 : !quantum.bit

%out _qubits ©:2 = quantum.custom "CNOT"() %2, %out qubits

lquantum.bit, !lquantum.bit
%3 = quantum.insert %0[ 0], %out _qubits O#1 : !quantum.reg, .
%4 = quantum.insert %3[ 1], %out_qubits O#0 : !quantum.reg, .
quantum.dealloc %4 : l!quantum.reg
return

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
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Intermediate Representations — MLIR
‘e0e |

module <
func.func public @circuit(%cond: i64) {

%qreg = quantum.alloc(1l) : !quantum.reg
%Qq0 = quantum.extract %qreg[@] : !quantum.reg -> !quantum.bit

scf.if %cond {
%0 _h = quantum.custom "Hadamard"() %90 : !quantum.bit
%qregl = quantum.insert %qreg[@], %90 _h : !quantum.reg, ..

} else {
%qregl = %qreg
}
quantum.dealloc %qregl : !quantum.reg
return

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
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Intermediate Representations — MLIR
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Intermediate Representations — MLIR | | TUT
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Intermediate Representations — MLIR TUN
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module {

func.func public @circuit(%cond: i64) {
%alloc = memref.alloc() : memref<2x!mqtopt.Qubit>
%c0 = arith.constant © : index
%cl = arith.constant 1 : index
%0 = memref.load %alloc[%c@] : memref<2x!mgtopt.Qubit>
%1 = memref.load %alloc[%cl] : memref<2x!mgtopt.Qubit>
%out_qubits = mgtopt.h(static [] mask []) %0 : !mgtopt.Qubit
%out _qubits @, %pos ctrl out qubits = mgtopt.x(static [] mask [])

%1 ctrl %out qubits : Imgtopt.Qubit ctrl !mqgtopt.Qubit

%CcO 1 = arith.constant @ : index
%cl 2 = arith.constant 1 : index
memref.store %pos_ctrl out_qubits, %alloc[%c@_1] : memref<2x!...
memref.store %out _qubits O, %alloc[%cl_2] : memref<2x!...
memref.dealloc %alloc : memref<2x!mgtopt.Qubit>
quantum.device _release
return}

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.
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Intermediate Representations — MLIR Plugin TUm

900
lib/
—— Conversion/
f—— CatalystQuantumToMQTOpt/
L catalystQuantumToMQTOpt.cpp
L— MQTOptToCatalystQuantum/
L— MQTOptToCatalystQuantum.cpp
—— mqt-plugin.cpp

include/mlir/

L— conversion/

—— CatalystQuantumToMQTOpt/
CatalystQuantumToMQTOpt.h
CatalystQuantumToMQTOpt.td
L— MQTOptToCatalystQuantum/

—— MQTOptToCatalystQuantum.h
-—— MQTOptToCatalystQuantum.td

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.

24



@09
lib/
—— Conversion/
|- catalystQuantumToMQTOpt/

L MQTOptToCatalystQuantum/

—— mqt-plugin.cpp

include/mlir/
L— Conversion/
I— catalystQuantumToMQTOpt/

| [ CatalystQuantumToMQTOpt.
| L CatalystQuantumToMQTOpt.

L— MQTOptToCatalystQuantum/

L catalystQuantumToMQTOpt.

L MQTOptToCatalystQuantum.

—— MQTOptToCatalystQuantum.

cpp

cpp

2

Intermediate Representations — MLIR Plugin TLTI

include "mlir/Pass/PassBase.td"

def MQTOptToCatalystQuantum : Pass<"mgtopt-to-catalystquantum"> {

let

let

summary = "Convert MQT's "MQTOpt  to Catalyst's “Quantum .";

description = [{

This pass converts MQT's "MQTOpt™ to Catalyst's ~Quantum .

s
let

dependentDialects = [

::catalyst::quantum: :QuantumDialect"”,
::mlir::arith::ArithDialect"”,
::mlir::func: :FuncDialect",

::mlir: :memref: :MemRefDialect",
::mqt::ir::opt::MQTOptDialect”

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., Izaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.
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0
1ib/
——— Conversion/
|- catalystQuantumToMQTOpt/
L— CatalystQuantumToMQTOpt.cpp
L— MQTOptToCatalystQuantum/

—— mqt-plugin.cpp

include/mlir/
L— conversion/
I— catalystQuantumToMQTOpt/
| L CatalystQuantumToMQTOpt.h
| L CatalystQuantumToMQTOpt.td
L— MQTOptToCatalystQuantum/
—— MQTOptToCatalystQuantum.h
——— MQTOptToCatalystQuantum.td

Intermediate Representations — MLIR Plugin TUT

struct ConvertMQTOptSimpleGate final : OpConversionPattern<MQTGateOp> {
using OpConversionPattern<MQTGateOp>: :0pConversionPattern;

LogicalResult matchAndRewrite(MQTGateOp op,
typename MQTGateOp: :Adaptor adaptor,
ConversionPatternRewriter& rewriter) const override {

auto newOp = rewriter.create<catalyst::quantum::CustomOp>(
/*gate=*/ op.getlLoc(),
/*gate=*/ adaptor.gateName,
/*1in_qubits=*/ adaptor.inQubits,
/*in_ctrl qubits=*/ adaptor.ctrlInfo.ctrlQubits,
/*in_ctrl values=*/ adaptor.ctrlInfo.ctrlValues,
/*params=*/adaptor.getParams(),
/*adjoint=*/false);

rewriter.replaceOp(op, newOp.getResults());
return success(); ...}

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., Izaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.
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Intermediate Representations — MLIR Plugin TUT

9 | @ o
lib/ class MQTOptToCatalystQuantumTypeConverter final : public TypeConverter {
—— Conversion/ public:
[— CatalystQuantumToMQTOpt/ explicit MQTOptToCatalystQuantumTypeConverter (MLIRContext* ctx) {
L— catalystQuantumToMQTOpt.cpp
l— MQTOptToCatalystQuantum/ addConversion([ctx](MemRefType memrefType) -> Type {
L if (auto qubitType =
—— mqgt-plugin.cpp dyn_cast<opt::QubitType>(memrefType.getElementType())) {
return catalyst::quantum: :QuregType::get(ctx);
include/mlir/ }
L— Conversion/ return memrefType;
|— catalystQuantumToMQTOpt/ 1;
| L CatalystQuantumToMQTOpt.h
| —— CatalystQuantumToMQTOpt.td addConversion([ctx](opt::QubitType /*type*/) -> Type {
L MQTOptToCatalystQuantum/ return catalyst::quantum::QubitType::get(ctx);
—— MQTOptToCatalystQuantum.h 1) ;
——— MQTOptToCatalystQuantum.td }
};

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., Izaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.
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Intermediate Representations — MLIR Plugin TLTI

o [ ® =
lib/ extern "C" LLVM ATTRIBUTE_WEAK DialectPluginLibraryInfo
—— Conversion/ mlirGetDialectPluginInfo() {
}—— CatalystQuantumToMQTOpt/ return {.apiVersion = MLIR PLUGIN API VERSION,
L— CatalystQuantumToMQTOpt.cpp .pluginName = "MQTOpt",
L MQTOptToCatalystQuantum/ .pluginVersion = LLVM_VERSION_STRING,
L— MQTOptToCatalystQuantum.cpp .registerDialectRegistryCallbacks = [](DialectRegistry* registry) {
31}
include/mlir/
L— conversion/ extern "C" LLVM ATTRIBUTE_WEAK PassPluginLibraryInfo
f—— CatalystQuantumToMQTOpt/ mlirGetPassPluginInfo() {
| —— CatalystQuantumToMQTOpt.h return {.apiVersion = MLIR PLUGIN_API VERSION,
| -—— CatalystQuantumToMQTOpt.td .pluginName = "MQTOptPasses",
L— MQTOptToCatalystQuantum/ .pluginVersion = LLVM_VERSION_STRING,
—— MQTOptToCatalystQuantum.h .registerPassRegistryCallbacks = []J() {

—— MQTOptToCatalystQuantum.td

ik

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., Izaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
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Intermediate Representations — MLIR Plugin TUTI
~ ' ‘ese® |

mlir-opt \
--load-pass-plugin=/build/lib/mqt-core-plugins-catalyst.dylib \
--load-dialect-plugin=/build/lib/mgt-core-plugins-catalyst.dylib \
--mgtopt-to-catalyst-quantum \
quantum_program.mlir \
-0 mgtopt_program.mlir

mlir-opt \
--load-pass-plugin=/build/lib/mgt-core-plugins-catalyst.dylib \
--load-dialect-plugin=/build/lib/mqt-core-plugins-catalyst.dylib \
--catalyst-quantum-tomgtopt \
mqtopt_program.mlir \
-0 quantum_program.mlir

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
In SCA/HPCAsia 2026: Supercomputing Asia and International Conference on High Performance Computing in Asia Pacific Region. Association for Computing Machinery.
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Intermediate Representations — MLIR Plugin TUTI
' ‘ese® |

mlir-opt \
--load-pass-plugin=/build/lib/mqt-core-plugins-catalyst.dylib \
--load-dialect-plugin=/build/lib/mgt-core-plugins-catalyst.dylib \
--mgtopt-to-catalyst-quantum \
--catalyst-quantum-to-mqgtopt \
quantum_program.mlir \
-0 quantum_program_roundtrip.mlir

Hopf, P., Ochoa Lopez, E., Stade, Y., Rovara, D., Quetschlich, N., Florea, |., 1zaac, J., Wille, R., & Burgholzer, L. (2026). Integrating Quantum Software Tools with(in) MLIR.
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Intermediate Representations — MLIR Plugin TUTI
' ‘ese® |

mlir-opt \
--load-pass-plugin=/build/lib/mqt-core-plugins-catalyst.dylib \
--load-dialect-plugin=/build/lib/mgt-core-plugins-catalyst.dylib \
--mgtopt-to-catalyst-quantum \
--mqt-qgmap \
--catalyst-quantum-to-mqgtopt \
quantum_program.mlir \
-0 quantum_program_roundtrip.mlir
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Version Packaging & Uniform Steep Learning
Compatibility Distribution Exchange Curve
Can we align LLVM How to ship all of this? Format Complex MLIR concepts
versions? Can we agree on some C++
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MQT Core

Catalyst Plugin

github.com/munich-quantum-toolkit/
core-plugins-catalyst

pip install mqgt-core-plugins-catalyst
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