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Why Do We Need Another Simulator?

● Entanglement routing research increasingly complex
● Difficult to evaluate full network behavior at scale with current simulators
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routing paradigms

swapping/purification 
policies

timing regimes

multiplexing strategies

memory management

classical delay

heterogeneous hardware
network management & 
control

What we need:

● Joint evaluation in a single simulation environment
● Study entanglement distribution as a network system



Goal of MQNS 
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Challenges:

● Photon-level simulation, density matrix, state vector is slow
● Lack of technology maturity, process uniformity, standards



Design Approach
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Architecture-agnostic

- Does not assume a 
specific quantum network 
architecture

Realistic abstractions

- Avoids artifacts that do 
not correspond to real 
network components

- Forces to model 
node-level behavior and 
realistic coordination

Protocol-stack agnostic

- Does not adopt layered 
modeling

- Models network functions 
composed into different 
architectures



Design Approach
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Architecture-agnostic

It can support:

- Centralized control

- Distributed protocols

- Proactive/reactive routing

- Connection/connectionless

- Sync/async timing

Realistic abstractions

Intentionally avoided:

- Global resource manager

- Centralized scheduler 
controlling all nodes

Protocol stack agnostic

Convergence from literature:

- EPR generator (~ link layer)

- Forwarder/FIB

- Memory Management

- Purification/Swapping



Entanglement Generation Modeling

● Photon-level simulation is computationally 
expensive

● MQNS uses analytical link models
● Simulation time skips ahead to the 

successful event
● Scales to hundreds of nodes where 

photon-level simulators become impractical

Scalability with 10 qubits channel capacity
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Entanglement Generation Modeling

→Entangled state abstraction:

● Werner states
● Bell-diagonal states

→Fidelity definition:

● Predefined initial fidelity
● Single-run “mini-simulation” estimates fidelity

→Preserves correct statistics while avoiding 
millions of photon-level events
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Individual links

One-repeater chain



Link Architectures Framework

For each link architecture, MQNS models entanglement generation using:

● success probability
● attempt duration
● qubit age at heralding
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Unified Qubit FSM
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Relation to Ongoing QIRG Work

Quantum-native architecture
(A. S. Cacciapuoti et al.)

Experiment architectures enabled by:

● Quantum-native addressing
● Entanglement as a network resource
● Quantum-native packet structure

Multiplane architecture 
(D. Lopez et al.)

Enables exploration of:

● Network functions interfaces
● Control and management APIs
● interaction between control and 

forwarding functions

Timing and physics constraints
(M. Hajdusek et al.)

● Refine/enforce timing aspects in MQNS
● Explore timing constraints at 

routing/control level
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Conclusion

MQNS Enables

● Evaluation of routing strategies
● Comparison of swapping policies
● Study of heterogeneous hardware
● Exploration of control-plane designs
● Testing of QN architectures
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Perspectives
● External control and management
● Dynamic composition of QN functions
● Quantum control plane 


