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Qubit

2

Bit

0/1 |ψ⟩  = a |0⟩  + b |1⟩  



Qubit - 2
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Qubit - 1

|ϕ⟩  = c |0⟩  + d |1⟩  |ψ⟩  = a |0⟩  + b |1⟩  

|ψ⟩  = ac |00⟩ + ad |01⟩ + bc |10⟩ + bd |11⟩



Qubit - 2
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Qubit - 1

|ψ⟩  = ac |00⟩ + ad |01⟩ + bc |10⟩ + bd |11⟩
|ψ⟩  = ac |00⟩ + bd |11⟩

Entangled Qubits



Measurement

▪ Information Extraction from a Qubit

▪Probabilistic nature of quantum 

Measurement 
Device

|ψ⟩ = a|0⟩ + b|1⟩
|0⟩
or
|1⟩

|b0⟩
or
| b1 ⟩

Probability
|a|2

or
|b|2

 

Nielsen, Michael A., and Isaac Chuang. "Quantum computation and quantum information." (2002): 558-559.



No Cloning Theorem

Cloning Device (U)
|ψ⟩ |ψ⟩

|ψ⟩|0⟩

CNOT|0⟩|0⟩ = |0⟩
|0⟩
CNOT|1⟩|0⟩ = |1⟩
|1⟩

U|ψ⟩|0⟩ = |ψ⟩|ψ⟩
U|ϕ⟩|0⟩ = |ϕ⟩|ϕ⟩
Taking inner product
⟨ϕ|ψ⟩ = (⟨ϕ|ψ⟩)2

⟨ϕ|ψ⟩ = 0 or 1

No Cloning of 
Arbitrary State!

Wootters, W. K., & Zurek, W. H. (1982). A single quantum cannot be cloned. Nature, 299(5886), 802-803.



Quantum Network
▪ Quantum Nodes connected through Physical Channel

▪ Shared Entanglement (Virtual Link)

▪ Applications
▪ Quantum Key Distribution [BB84]

▪ Clock Synchronization [CS]

▪ Distributed Quantum Computation [DQC]

▪ Blind Quantum Computation [BQC]



Transmission 
of Qubits
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Direct Transmission

|ψ⟩

Limited by distance due to fiber attenuation
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Teleportation

Bell Basis Measurement

|ψ⟩=a|0⟩+b|1⟩

Site A
Site B

  |ψ⟩=a|0⟩+b|1⟩
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Entanglement Swapping

Bell Basis Measurement

Bangalore Hyderabad Nagpur
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Hop by Hop Transmission with Error 
Correction

|ψ⟩

Encoding Techniques: Quantum Parity Code, CSS

Requires Sophisticated Hardware

 

Encode

 
Transmit

|ψ⟩

Recover

 
Transmit

Bangalore Hyderabad

Encode

0→000
1→111



End to End Entanglement

 

t=0

t=1

t=2

t=3



Fidelity

|ψ⟩ p1, |ψ1⟩
p2, |ψ2⟩
p3, |ψ3⟩
.
.
.

Jozsa, Richard. "Fidelity for mixed quantum states." Journal of modern optics 41.12 (1994): 2315-2323.



Quantum routing

▪ Introduction

▪ Challenges
▪ No retransmission
▪ Hop by Hop teleportation reduces fidelity
▪ One unit of Quantum Communication 

requires Entanglement, Swapping, 
Purification and Classical communication

▪ Decoherence
▪ Multiplexing
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Introduction Image Source: 
https://en.wikibooks.org/wiki/Communication_Networks/Routing



Quantum 
Infrastructure:

Switch to End Node
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Quantum Switch: Crossbar Architecture
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Simplicity & Scalability



9

Network Coding: Butterfly Topology
Classical
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Network Coding: Butterfly Topology
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Quantum Repeaters: 1G
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Quantum Repeaters: 2G
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Quantum Router



Quantum Network: Node Types



Specialized Quantum Nodes



Quantum Link Architectures 



Memory-Source-Memory Architecture 



Quantum Link Challenges



Satellite Based Entanglement Distribution



Quantum Link Challenges



Repeater Graph States



Sneakernet / Physical Quantum Memory Transport



The 4200-Qubit / 40-Day Example 



How Do We Identify a Physical Qubit? 



The Qubit-Reuse Problem 



Entanglement Identity After Swapping 



How Do We Name a Distributed Quantum State? 



Quantum Network Routing — Q-Dijkstra 



Quantum Network Routing — Q-Dijkstra 

Pandey, Anoop Kumar, Bheemarjuna Reddy Tamma, and MV Panduranga Rao. "Quantum network routing with 
heterogeneous nodes." 2025 17th International Conference on COMmunication Systems and NETworks (COMSNETS). 
IEEE, 2025. 



Local Optimum vs Global Optimum 



Local Optimum vs Global Optimum 



Thank You

Questions?


