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Icebreaker questionnaire

https://forms.gle/KZAp1C1uvUacAtzQ6 

2

https://forms.gle/KZAp1C1uvUacAtzQ6


The Next Four (Working) Hours (give or take)

● Discuss questionnaire / these slides / introduction to networks
● QCE25 keynote speech reprise:

QCE Keynote Modular Quantum Multicomputers 2509 
● Hands-on: teleportation, entanglement swapping, and purification 

(in Qiskit)
○ content: sfc-aqua/wqrn-tutorial
○ progress tracker: teleportation-QiskitWS-progress-worksheet-E  

● Toward Standardized Quantum Internet Protocols
● Putting it all together: hands-on with QuISP

https://github.com/sfc-aqua/quisp 
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https://docs.google.com/presentation/d/16pDsMia2eJae-dG3Q93Zpkuf_ONhpcEox1KCjbNzpzA/edit?usp=sharing
https://github.com/sfc-aqua/wqrn-tutorial
https://docs.google.com/spreadsheets/d/1mKyBqWxsqHylFUNNkKAd7iH_kTXsyazsrkCiGeU4Z64/edit?usp=sharing
https://docs.google.com/presentation/d/13I9MB53NRzEQMmyqP_iPqtJcBXGkM6LkjBR2BZCnO7c/edit?usp=sharing
https://github.com/sfc-aqua/quisp


progress worksheet                                                         Qiskit notebook
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From Experiment Toward Systems

I showed Dave Farber (grandfather of the 
Internet) some Qiskit code, complete with job 
management and data post-processing. He 
responded (paraphrasing),

This isn’t an application, it’s an 
experiment.

So how do we get to applications and 
systems that people can use?
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Quick Advertisement: IEEE QCE
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QCE 2026

● Toronto, Sept. 13-18 → you should come! You should organize (or help us 
organize) workshops!

● Paper submission deadline ~April 1?
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Quantum Repeater Networks
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The job of a quantum repeater 
network is…

• …to make end-to-end entanglement 
(modulo some arguments about 
temporal matters).

• And, entanglement is a consumable 
resource, so we have to make lots of it.
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So the job of a quantum 
repeater is…

• 1) to make base-level entanglement over a link

• 2) to couple entangled links along an end-to-end path 
to meet the applications’ needs

• 3) to monitor and manage errors 
(purification, QEC, or both)

• 4) to participate in the management of the network
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And the job of a Quantum 
Internet is…

To do all of this:

• across heterogeneous networks 
(both physically and logically hetero)

• in an environment with minimal trust between networks

• no knowledge of the internals of autonomous 
networks

• possible presence of malicious nodes
17



18

All opaque to me



Networks
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https://rarehistoricalphotos.com/the-stockholm-telephone-tower-1890/ 
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https://rarehistoricalphotos.com/the-stockholm-telephone-tower-1890/
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https://computerhistory.org/blog/wh
at-do-anniversaries-mean-internet-
protocols-at-40/protocals-anniversa
ries-tcp-transition-button/ 23



Map of the Internet (1999)
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Steve Deering’s Waist

Watching the Waist of the Protocol Hourglass

IETF 51, London, Plenary session

August 2001

https://www.ietf.org/proceedings/51/slides/plenary-1/ 
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https://www.ietf.org/proceedings/51/slides/plenary-1/


OSI Model v. 
TCP/IP Stack

https://www.geeksforgeeks.org/computer-networks/difference-between-osi-model-and-tcp-ip-model/ 
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https://www.geeksforgeeks.org/computer-networks/difference-between-osi-model-and-tcp-ip-model/


Packet Headers

This will be preceded by the link layer 
header (e.g. Ethernet) and the payload 
data may include additional headers for 
e.g. HTTPS

● Ethernet frame header: 14 bytes
● IPv4 header: 20 bytes
● IPv6 header: 40 bytes
● TCP header: 20+ bytes
● Ethernet trailer (checksum): 4 bytes

https://www.potaroo.net/ispcol/2004-07/tcp1.html 

https://www.geeksforgeeks.org/computer-networks/ethernet-frame-format/ 27

https://www.potaroo.net/ispcol/2004-07/tcp1.html
https://www.geeksforgeeks.org/computer-networks/ethernet-frame-format/


Issues in Network Design

● Communication model
● Resource allocation method
● Naming & Addressing
● Routing
● Scaling & Heterogeneity: Internetworking
● Security
● Network management
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Communication Model

● Circuit switching (old school, original telephone network)
● Virtual circuit (see multiplexing)
● Datagram (the Internet)

n.b.: Dave Farber is fond of saying (paraphrasing), “The principles remain the 
same, but the technology changes, the economic, business and political 
environments change; so it’s wise to revisit this decision every couple of decades.”
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Multiplexing

Aparicio & rdv
Proc. SPIE, 2011

● Spatial (cellular)
● Temporal (fixed time division)
● Statistical (datagram)
● Frequency (wave division)
● Mathematical (code division)
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Naming & Addressing (Jon Postel, IANA, USC/ISI 1943-1998)
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Domain Name System

Translates one type of name to another type of name

Generally a human-readable text string, an FQDN (fully 
qualified domain name) to an IP address (IPv4 or IPv6)
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Routing

rdv et al., 
Net. Sci. 2013
arXiv: 1206.5655
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Dijkstra’s Algorithm, 1959

● …is just a graph theory problem
● solvable in polynomial time
● builds a spanning tree from some root
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Dijkstra’s Algorithm

Interestingly, if every node builds a 
spanning tree using the same 
information, those trees will be different 
but mutually consistent (no routing 
loops!)

https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm 
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https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm
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https://www.rfc-editor.org/info/rfc2328 

244 pages!
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https://www.rfc-editor.org/info/rfc2328
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All opaque to me

Internetworking



Internetworking: Map of the Internet (1999)
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Internet Routing

● IGP: Interior Gateway Protocol
○ OSPF
○ IS-IS
○ RIP (long since outdated)

● EGP: Exterior Gateway Protocol
○ global choice: BGP, Border Gateway Protocol

● Also, LANs have their own routing protocol
○ e.g., switched Ethernet’s spanning tree (Radja Perlman)

● (and then there are tunnels, VPNs, overlay networks, network slicing…)
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https://rdvlivefromtokyo.blogspot.com/2025/04/basic-signal-modulation-in-sdh-optical.html 

Some background on 
optical physical layers
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https://rdvlivefromtokyo.blogspot.com/2025/04/basic-signal-modulation-in-sdh-optical.html


https://rdvlivefromtokyo.blogspot.com/2025/05/modern-day-optical-network-physical.html 42

https://rdvlivefromtokyo.blogspot.com/2025/05/modern-day-optical-network-physical.html


Back to Quantum Networks, Briefly
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Icon set for network diagrams

End
nodes Repeaters

Support 
nodes

Graph 
state

SNSR

MEAS

COMP

MEAS

1G

2G

RTR

OSW

EPPS

BSA

ABSA

RGSS

https://github.com/sfc-aqua/quisp/tree/master/Network%20icons 
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https://github.com/sfc-aqua/quisp/tree/master/Network%20icons
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Additional References

● Siam keynote Modular Quantum Multicomputers 2411
● van-meter-timing-regimes-seefeld-2406 
● Timing regime in Quantum networks (IETF 119, Mar. 2024)
● van-meter-engineering-quantum-internet-seefeld-2206 
● Naphan Benchasattabuse, PhD dissertation, Sept. 2025

https://aqua.sfc.wide.ad.jp/publications/whit3z-thesis-local-compiled.pdf
● A #QuantumComputerArchitecture Tweetstorm

https://zenodo.org/records/3496597
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https://docs.google.com/presentation/d/1H4tWzjxlK4LVWssK3xPV13UebILRDOnj5YRkEj5Qj8Y/edit
https://docs.google.com/presentation/d/16sBUWx_-x3oAXs-59tT7oXHrOeRKp0Bbf1xx9CnzcbA/edit?slide=id.g212139d4657_0_1487#slide=id.g212139d4657_0_1487
https://docs.google.com/presentation/d/1Evpu2KxmtXfzTn3BATsqsgBB9MrQ09UBAy-DvWMekUE/edit?slide=id.g2c25c50136d_0_196#slide=id.g2c25c50136d_0_196
https://docs.google.com/presentation/d/1NfFI6l6UF728A3cQnIyylu-Oh0JpXtqeFyK_LgUCbLY/edit?usp=sharing
https://aqua.sfc.wide.ad.jp/publications/whit3z-thesis-local-compiled.pdf
https://zenodo.org/records/3496597
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