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RESEARCH TOPICS

IEEE QCE 2024, TUTORIAL #15

DISTRIBUTED QUANTUM COMPUTING

* KEY APPLICATIONS IN THE PANORAMA OF QUANTUM TECHNOLOGIES: BRIDGE TO STEP BEYOND THE CURRENT NISQ ERA

®* BY INTER-CONNECTING SPATIALLY DISTRIBUTED QUANTUM PROCESSORS, WE AIM AT ACHIEVING A COMPUTING POWER
WHICH SCALES EXPONENTIALLY WITH THE COMPUTING RESOURCES

QUANTUM INTERNET PROTOCOL STACK

®* DESIGNING AN ABSTRACT MODEL, ENABLING THE STANDARDIZATION BY ABSTRACTING FROM THE PARTICULARS

® PECULIARITIES OF QUANTUM PHENOMENA IMPOSE A MAJOR PARADIGM SHIFT: NO ONE-TO-ONE MAPPING BETWEEN
CLASSICAL INTERNET AND QUANTUM INTERNET PROTOCOL STACK

ENTANGLEMENT GENERATION AND DISTRIBUTION

® |INVESTIGATING THE INTRIGUING GENUINELY QUANTUM PHENOMENA OF ENTANGLEMENT AND QUANTUM COHERENCE IN
THE PHENOMENA OF SUPERADDITIVITY, SUPERACTIVATION AND CAUSAL ACTIVATION OF QUANTUM CHANNEL CAPACITIES

® FOR GENERATING ENTANGLEMENT IN QUANTUM NETWORKS IN A DISTRIBUTED MANNER.

QUANTUM INTERNET TESTBED
®  EXPLOIT CURRENTLY AVAILABLE TECHNOLOGY FOR DISTRIBUTING ENTANGLEMENT VIA METRO-SCALE FIBER NETWORK WITH
A COMMUNICATION-ENGINEERING PERSPECTIVE

®* LEVERAGING PROOF-OF-CONCEPT DEMONSTRATION AS FEEDBACK FOR ON-GOING RESEARCH ACTIVITIES * Images: flaticon.com
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QUANTUM INTERNET PROTOCOL STACK

“STACK-LIKE” VIEW OF CURRENT RESEARCH ACTIVITIES (@)
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QUANTUM INTERNET UNCONVENTIONAL FEATURES

ENTANGLEMENT # INFORMATION

CLASSICAL INFORMATION QUANTUM INFORMATION ENTANGLEMENT
TEMPORAL CONSTRAINTS NO YES: DECOHERENCE
DUPLICATION CONSTRAINTS NO YES: NO-CLONING NO
SINGLETON YES NO
SCOPE LOCAL NON-LOCAL
STATE NEARLY STATELESS SOMEHOW STATEFUL (TIMING) PROFOUNDLY STATEFUL
VALUE LOCAL AND PRE-DETERMINED GLOBAL AND DYNAMIC
OPERATION AND FLOW DIRECTION YES FLEXIBLE
CLASSES NO YES

* IN DEPTH-DISCUSSION IN “QUANTUM INTERNET PROTOCOL STACK: A COMPREHENSIVE SURVEY", COMPUTER NETWORKS, 2022
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OPEN ISSUES AND RESEARCH DIRECTIONS

LATENCY AND SYNCHRONIZATION

DECOHERENCE AND TIGHT SYNC FOR ENTANGLEMENT GENERATION

SIGNALING

ENTANGLEMENT TASKS RELY ON CLASSICAL SIGNALING

METRICS

QUANTUM UNCONVENTIONAL FEATURES PLUS QUANTUM-CLASSICAL INTERPLAY

MEDIUM ACCESS AND BROADCAST

ENTANGLEMENT ACCESS CONTROL WITHOUT BROADCASTING

NETWORKING

ENTANGLEMENT RULES CONNECTIVITY

QUANTUM PATH AND QUANTUM ADDRESSING

QUANTUM INFORMATION CARRIER PROPAGATION

QUANTUM VS CLASSICAL INTERNET

COMPLEX INTERPLAY YET TO BE FULLY UNDERSTOOD

INDUSTRIAL PERSPECTIVE AND STANDARDS

IEEE QCE 2024, TUTORIAL #15

TRADE-OFF: BASIC RESEARCH AGAINST INDUSTRIALIZATION

* “QUANTUM INTERNET PROTOCOL STACK: A COMPREHENSIVE SURVEY", COMPUTER NETWORKS, 2022
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QUANTUM INTERNET UNCONVENTIONAL FEATURES

OPEN ISSUES AND RESEARCH DIRECTIONS

LATENCY AND SYNCHRONIZATION DECOHERENCE AND TIGHT SYNC FOR ENTANGLEMENT GENERATION
SIGNALING ENTANGLEMENT TASKS RELY ON CLASSICAL SIGNALING
METRICS QUANTUM UNCONVENTIONAL FEATURES PLUS QUANTUM-CLASSICAL INTERPLAY
MEDIUM ACCESS AND BROADCAST ENTANGLEMENT ACCESS CONTROL WITHOUT BROADCASTING
NETWORKING ENTANGLEMENT RULES CONNECTIVITY
QUANTUM PATH AND QUANTUM ADDRESSING QUANTUM INFORMATION CARRIER PROPAGATION
QUANTUM VS CLASSICAL INTERNET COMPLEX INTERPLAY YET TO BE FULLY UNDERSTOOD
INDUSTRIAL PERSPECTIVE AND STANDARDS TRADE-OFF: BASIC RESEARCH AGAINST INDUSTRIALIZATION
® CLASSICAL NETWORKS ® QUANTUM NETWORKS

®* NEIGHBORHOOD RULED BY PHYSICAL CONNECTIVITY ®* NEIGHBORHOOD IS DYNAMIC AND TIME-VARIANT

® A PERSISTENT PHYSICAL CHANNEL IS MANDATORY ® ENTANGLEMENT SWAPPING

® CONNECTIVITY CAN BE ENGINEERED

(]
IEEE QCE 2024, TUTORIAL #15 PROF. ANGELA SARA CACCIAPUOTI AND PROF. MARCELLO CALEFFI 9
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QUANTUM INTERNET: HOW?

BEYOND PHYSICAL CONNECTIVITY

:> VIRTUAL CONNECTIVITY TIME-VARIANT (DEPLETABLE) CONNECTIVITY REGARDLESS OF INSTANTANEOUS CONDITIONS

AUGMENTED CONNECTIVITY

ON-DEMAND CONNECTIVITY

®* PHYSICAL CONNECTIVITY ® VIRTUAL CONNECTIVITY
* REQUIRES THE AVAILABILITY OF A * ENABLED BY ENTANGLEMENT
PHYSICAL CHANNEL * PHYSICAL CHANNEL REQUIRED ONLY FOR
e DEPENDS ON  THE  INSTANTANEOUS ENTANGLEMENT DISTRIBUTION
CONDITIONS OF PROPAGATION ®* NOT NEEDED FOR ACTUAL TELEPORTATION
* WIDELY ASSUMED: * TEMPORAL DYNAMICS
* TEMPORAL DYNAMICS WAY LARGER THAN ®* SHORTER THAN NETWORK FUNCTIONALITIES

NETWORK FUNCTIONALITIES RUN TIMES
®* ENTANGLEMENT DEPLETED BY USE

® TIME-CONSTRAINTS WORKS, 2022
PROF. ANGELA SARA CACCIAPUOTI AND PROF. MARCELLO CALEFFI et o
12 Future Communications Laboratol
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QUANTUM INTERNET: HOW?
BEYOND PHYSICAL CONNECTIVITY
TIME-VARIANT (DEPLETABLE) CONNECTIVITY REGARDLESS OF INSTANTANEOUS CONDITIONS

I:> VIRTUAL CONNECTIVITY
AUGMENTED CONNECTIVITY

ON-DEMAND CONNECTIVITY

~<— .
: e sor and diob

? Entanglement depletion
S— RRORRRRRRS Starting entanglement generation
t¢, Disconnected ff  Connected t Disconnected tta !
<< Proactive strategy

\ J
s - R 3

Reactive strategy

dependance from independance from
physical connectivity physical connectivity

* ENTANGLEMENT GENERATION AND DISTRIBUTION

®* PROACTIVE SCHEMES
® EARLY DISTRIBUTION OF ENTANGLEMENT RESOURCES BEFORE ACTUAL NEED ARISES

® REACTIVE SCHEMES

® ON-THE-FLY DISTRIBUTION, WHEN NEEDED * “QUANTUM INTERNET PROTOCOL STACK: A COMPREHENSIVE SURVEY", COMPUTER NETWORKS, 2022
PROF. ANGELA SARA CACCIAPUOTI AND PROF. MARCELLO CALEFFI 13 !_:u %uYre Communications Laboratory
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QUANTUM INTERNET: HOW?

BEYOND PHYSICAL CONNECTIVITY

VIRTUAL CONNECTIVITY TIME-VARIANT (DEPLETABLE) CONNECTIVITY REGARDLESS OF INSTANTANEOUS CONDITIONS

|:> AUGMENTED CONNECTIVITY INDEPENDENT FROM PHYSICAL NODE LOCATION

ON-DEMAND CONNECTIVITY

®* ENTANGLEMENT SWAPPING * AUGMENTED CONNECTIVITY
®* OVERCOMES LIMITATION OF PHYSICAL ® SWAPPING INCREASES THE CONNECTIVITY
CONNECTIVITY BETWEEN NODES
* BOUNDED BY THE PHYSICAL DISTANCE ®* MORE THAN LINEARLY
AMONG THE NETWORK NODES * NO FREE MEALS
* ENABLING e THE MORE SWAPPING, THE HIGHER EPR
® DIRECT VIRTUAL LINK COST
* BETWEEN REMOTE NODES ® CONSTRAINTS INCREASE
WORKS, 2022
PROF. ANGELA SARA CACCIAPUOTI AND PROF. MARCELLO CALEFFI 14 Futore Communications Laboratory
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QUANTUM INTERNET: HOW?
BEYOND PHYSICAL CONNECTIVITY

VIRTUAL CONNECTIVITY TIME-VARIANT (DEPLETABLE) CONNECTIVITY REGARDLESS OF INSTANTANEOUS CONDITIONS

l:> AUGMENTED CONNECTIVITY
ON-DEMAND CONNECTIVITY

INDEPENDENT FROM PHYSICAL NODE LOCATION

LOCAL CNOT

TIME-CONSTRAINED REMOTY

TIME-CONSTRAINED REMOTE

QUANTUM LINK
VIA ENTANGLEMENT SWAPPING

QUANTUM LINK

QUANTUM PROCESSOR #3

QUANTUM PROCESSOR #1
VIRTUAL QUANTUM PROCESSOR

VIRTUAL QUANTUM LINK

e “COMPILER DESIGN FOR DISTRIBUTED QUANTUM COMPUTING", COMPUTER NETWORKS, 2022
FLY
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QUANTUM INTERNET: HOW?

BEYOND PHYSICAL CONNECTIVITY

VIRTUAL CONNECTIVITY TIME-VARIANT (DEPLETABLE) CONNECTIVITY REGARDLESS OF INSTANTANEOUS CONDITIONS

AUGMENTED CONNECTIVITY INDEPENDENT FROM PHYSICAL NODE LOCATION

l:> ON-DEMAND CONNECTIVITY

* BIPARTITE ENTANGLEMENT * MULTIPARTITE ENTANGLEMENT
* |LE,, EPRS * LE,, GHZ STATES
* CREATES HALF-DUPLEX UNICAST LINK * ENABLES DISTILLATION OF DIFFERENT EPR
* IDENTITIES OF SOURCE-DESTINATION PAIR PAIRS

®* DIFFERING IN THE |IDENTITIES OF THE
SOURCE-DESTINATION PAIR

® VIRTUAL NEIGHBORS CHOSEN AT RUNTIME
®* DEPENDING ON THE COMMUNICATION NEEDS

® FIXED
® BUT ROLES CAN BE SWAPPED

WORKS, 2022
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QUANTUM INTERNET: HOW?

BEYOND PHYSICAL CONNECTIVITY

VIRTUAL CONNECTIVITY TIME-VARIANT (DEPLETABLE) CONNECTIVITY REGARDLESS OF INSTANTANEOUS CONDITIONS
AUGMENTED CONNECTIVITY INDEPENDENT FROM PHYSICAL NODE LOCATION
C—> ON-DEMAND CONNECTIVITY ENABLING HALF-DUPLEX UNICAST LINK BETWEEN NODES CHOSEN AT RUN-TIME
® BIPARTITE ENTANGLEMENT ® MULTIPARTITE ENTANGLEMENT
* |.E., EPRs * |.E., GHZ STATES
® CREATES HALF-DUPLEX UNICAST LINK * ENABLES DISTILLATION OF EPR PAIRS
* IDENTITIES OF SOURCE-DESTINATION PAIR * DIFFERING IN THE IDENTITIES OF THE

SOURCE-DESTINATION PAIR
®* BETWEEN VIRTUAL NEIGHBORS CHOSEN AT
RUNTIME
®* DEPENDING ON THE COMMUNICATION NEEDS

® FIXED
® BUT ROLES CAN BE SWAPPED

WORKS, 2022
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QUANTUM INTERNET: HOW?

BEYOND PHYSICAL CONNECTIVITY

VIRTUAL CONNECTIVITY TIME-VARIANT (DEPLETABLE) CONNECTIVITY REGARDLESS OF INSTANTANEOUS CONDITIONS
AUGMENTED CONNECTIVITY INDEPENDENT FROM PHYSICAL NODE LOCATION
[:> ON-DEMAND CONNECTIVITY ENABLING HALF-DUPLEX UNICAST LINK BETWEEN NODES CHOSEN AT RUN-TIME
EPR-BASED CONNECTIVITY ON-DEMAND CONNECTIVITY
quantum network
node
data qubit
EPR pair

GHZ state

*]lsE

unentangled qubit

* “QUANTUM INTERNET PROTOCOL STACK: A COMPREHENSIVE SURVEY", COMPUTER NETWORKS, 2022
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QUANTUM INTERNET: HOW?
BEYOND PHYSICAL CONNECTIVITY

EPR CONNECTIVITY: NODE IDENTITIES FOR VIRTUAL LINK SELECTED A-PRIORI

<€ > CLASSICAL CHANNEL

e S. CHEN, J. ILLIANO, A.S. CACCIAPUOTI AND M. CALEFFI, “SCALING QUANTUM NETWORKS: INTER-QLANS ARTIFICIAL
Connecnivity ", IEEE QCE, 2024.

FLY
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QUANTUM INTERNET: HOW?
BEYOND PHYSICAL CONNECTIVITY

MULTIPARTITE ENTANGLEMENT: ON-DEMAND SELECTION OF NODE IDENTITIES FOR VIRTUAL LINK

N

> CLASSICAL CHANNEL

bq MULTIPARTITE ENTANGLEMENT

] SINGLE QUBIT MEASUREMENT

v CHARLIE

E.2

t 3
p——n p—m @©vwwwwwwn () oN-DEMAND EPR

e S. CHEN, J. ILLIANO, A.S. CACCIAPUOTI AND M. CALEFFI, “SCALING QUANTUM NETWORKS: INTER-QLANS ARTIFICIAL
ConneciviTy ", IEEE QCE, 2024.
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ADDRESSING
1. INTRO Ql
2. QUANTUM INTERNET UNCONVENTIONAL FEATURES ENTANGLEMENT m_, BEYOND SHANNON
UTILIZATION

3. ENGINEERING QUANTUM CONNECTIVITY

&

WHEN TO STOP

ENTANGLEMENT G" QUANTUM MAC
DISTRIBUTION

TRANSDUCTION
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GENERATION

QIRG MEETING, IETF 121 @ DUBLIN

»
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—
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ENGINEERING QUANTUM CONNECTIVITY

QUANTUM NETWORK ARCHITECTURE

INTERCONNECTION OF MULTIPLE QLANS

... super-node

E client node

SAAON
WNINVNO

intra-QLAN
channel

inter-QLAN
channel

STANNVHD
WNINVND

EPR pair

multipartite
* entangled
state

SHANOSHY
LINGWHTONVINGY

DISTRIBUTION IN THE QUANTUM
) SERVICE MANAGEMENT, 2024.
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WITHIN A QLAN

e F. MAzza, M. CALEFFI, A.S. CACCIAPUOTI, "INTRA-QLAN CONNECTIVITY: BEYOND THE PHYSICAL TOPOLOGY ",
ARXIV.2406.09963, 2024.
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ENGINEERING CONNECTIVITY 1/2: INTRA-QLAN
QUANTUM NETWORK ARCHITECTURE

ZOOMING ON A SINGLE QLAN

(a) The super-node generates the EPR pairs (or- (b) The super-node distributes the EPR pairs (c) By exploiting the distributed EPR pairs,
ange squares) and the multipartite entangled state to the targeted clients through the physical the multipartite entangled state is teleported
(purple atom). quantum channel (gray line). to the targeted client nodes.

e A.S. CACCIAPUOTI, J. ILLIANO, M. VISCARDI, M. CALEFFI, "MULTIPARTITE ENTANGLEMENT DISTRIBUTION IN THE QUANTUM

INTERNET: KNOWING WHEN TO STOP!", IEEE TRANS. ON NETWORK AND SERVICE MANAGEMENT, 2024.
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ENGINEERING CONNECTIVITY 1/2: INTRA-QLAN
GOALS Physical topology

—— Artificial topology

* WHAT ii/»?/f? ‘W/
* DESIGN PRINCIPLES FOR QUANTUM NETWORKS e i
® COVERING LIMITED GEOGRAPHIC AREA ‘f;/:;g’ — ’
* How =l g
* LEVERAGING ENTANGLEMENT-BASED CONNECTIVITY. %/
® BY DEFINING A SIMPLE AND FEASIBLE STRUCTURE
* TO ENGINEER ARTIFICIAL CONNECTIVITY ON-DEMAND //’ i oz
Rl > pe
* OVERCOMING THE LIMITATIONS INDUCED BY PHYSICAL TOPOLOGY. | fff’ - | ’
* CREATION OF ON-DEMAND ENTANGLEMENT-BASED LINKS. Vs //‘%
* LIGHTWEIGHT CLIENTS. Z i ’

¢ F. MAzza, M. CALEFFI, A.S. CACCIAPUOTI, "INTRA-QLAN CONNECTIVITY: BEYOND THE PHYSICAL TOPOLOGY ",
ARXIV.2406.09963, 2024.
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MULTIPARTITE RESOURCE

GRAPH STATES
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Graph Domain

=
c
.
i

&- Pauli measurement
on qubit ¢

Graph States Domain

* F. MAZ

No. |

1 1 | 1
:</4 :</ 4 :<I\ 4 :\l 4
3 3 3 3

No. 5

| 1 | |
3%4 3¢4 :4/4 3®4
3 3 3 3
1 1 !
OJ' :64 L /04
3 3 3

No. 2 No. 3 No. 4

No. 6 No. 7 No. 8

No. 9 No. 10 No. 11

PHYSICAL TOPOLOGY ",
.2406.09963, 2024.

PROF. ANGELA SARA CACCIAPUOTI AND PROF. MARCELLO CALEFFI
"QUANTUM INTERNET: WIRING THE WEIRDNESS"

IEEE QCE 2024, TUTORIAL #15
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ENGINEERING CONNECTIVITY 1/2: INTRA-QLAN
MULTIPARTITE RESOURCE Cassicat

SIGNALING
GRAPH STATES \

¢—Pauli measurement i ,
* [G) > €, £)'®|G")

Graph Domain

G — i lfO'é — 0,
. G =q7G) -1 if o = 0y
G') Tho (7i(Tho (G)) — @) if 0 = 0.

=

-

£

.
2
ol

v
&- Pauli measurement

|G> on qubiti |§, :|:>i X

Graph States Domain e F. MAzzA, M. CALEFFI, A.S. CACCIAPUOTI, "INTRA-QLAN CONNECTIVITY: BEYOND THE PHYSICAL TOPOLOGY ",
ARXIV.2406.09963, 2024.
FLY
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MULTIPARTITE RESOURCE

GRAPH STATES
X
X

kO X l

IEEE QCE 2024, TUTORIAL #15

. ¢—Pauli measurement

oL t l * |G) > 1€, 1)'Q|G')

a} L G' =< 7(G) —i if ¢ = 0y
; Tko (Ti (Tko (G)) - 7’) lfO'é — Og.

i
Oy X!
e F. MAzza, M. CALEFFI, A.S. CACCIAPUOTI, "INTRA-QLAN CONNECTIVITY: BEYOND THE PHYSICAL TOPOLOGY ",

|

l

|

ARXIV.2406.09963, 2024.
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ENGINEERING CONNECTIVITY 1/2: INTRA-QLAN
QLAN PROTOTYPE FOR MULTIPARTITE ENTANGLEMENT

9

/-—_? SIMPLE CENTALIZED PHYSICAL TOPOLOGY: ORCHESTRATOR NODE.
-

' \ \ ’ Initial linear graph state

r N
== 00009000000
\ J : ]

IT GENERATES AND DISTRIBUTES A MULTIPARTITE ENTANGLED
STATE.

* |T IS PHYSICALLY CONNECTED TO ALL THE CLIENTS.

Distribution Process .

* |T IMPLEMENTS THE NETWORK LOGIC THROUGH LOCAL PAULI

MEASUREMENTS.
Physical topology
Artificial topology
A Q
og"e IT IMPOSES A HARD CONSTRAINT ON THE ADMISSIBLE PHYSICAL QLAN TOPOLOGY, WHICH
o IS COMPELLED TO BE A STAR TOPOLOGY. * F. MAZzzA, M. CALEFFI, A.S. CACCIAPUOTI, "INTRA-QLAN CONNECTIVITY: BEYOND THE PHYSICAL TOPOLOGY ",
ARXIV.2406.09963, 2024.
FLY
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ENGINEERING CONNECTIVITY 1/2: INTRA-QLAN
RESULTS: ON-DEMAND TOPOLOGY ENGINEERING

FROM STAR TO BUS FROM STAR TO RING

fon) ﬂ T

Q {O'y, Tyy-nns O'y} C(kf2—2) C(kj2—1) Ck/2
— — — — Orchestrator Level — — — — Client level C(k/2+1) C(k/2+2) C(k/243) C(k—2) C(k—1) Ck

¢ F. MAzza, M. CALEFFI, A.S. CACCIAPUOTI "INTRA-QLAN CONNECTIVITY: BEYOND THE PHYSICAL TOPOLOGY ",
ARXIV.2406.09963, 2024.
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ENGINEERING CONNECTIVITY 1/2: INTRA-QLAN
RESULTS: ON-DEMAND TOPOLOGY ENGINEERING

MANIPULATING NODES PROXIMITY ON-DEMAND: ENTANGLEMENT ROLLING

olo?)

—

(b) Example of entanglement rolling with generalized tree-like topology and k. = 6, n, = 2 and k; = 3. In this example, clients c;
and cs have a proximity d(c1,cs) = 2.

ARXIV.2406.09963, 2024.

FLY
PROF. ANGELA SARA CACCIAPUOTI AND PROF. MARCELLO CALEFFI I
31 Future Communications Laboratory

IEEE QCE 2024, TUTORIAL #15 "QUANTUM INTERNET: WIRING THE WEIRDNESS" www.guantuminternet.t



IEEE QCE 2024, TUTORIAL #15

University of Naples
e Federicoll

BETWEEN QLANS

e S. CHEN, J. ILLANO, A. S. CACCIAPUOTI, M. CALEFFI, "SCALING QUANTUM NETWORKS: INTER-QLANS ARTIFICIAL
ConNECTIVITY", IEEE QCE, 2024.

e S. CHEN, J. ILLIANO, A.S. CACCIAPUOTI, M. CALEFFI, "ENTANGLEMENT-BASED ARTIFICIAL TOPOLOGY: NEIGHBORING REMOTE
NETWORK NODES", ARXIV.2404.16204, 2024.
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ENGINEERING CONNECTIVITY 2/2: INTER-QLAN
GOAL

ON-DEMAND CONNECTIVITY BETWEEN NODES BELONGING TO DIFFERENT QLANS

... super-node Z g
<)
O Z
-é- client node n @ §
intra-QLAN
channel Q @
> >
z z
zZ =
inter-QLAN g g
— channel s
EPR pair xZ
S
oz
c Qo
= C
multipartite o] ;
* entangled “g
state =
ORKS: INTER-QLANS ARTIFICIAL
NNECTIVITY", IEEE QCE, 2024.
POLOGY: NEIGHBORING REMOTE
s", ARXIV.2404.16204, 2024.
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ENGINEERING CONNECTIVITY 2/2: INTER-QLAN
OLD-SCHOOL

@Wv\@ Bipartite entanglement : Bell measurement

SWAPPING AND PURIFICATION
Alice Bob Charlie

Entanglement Distribute

O

Bell Measurement

O

Entanglement Swapping

¢ M. CALEFFI, "OPTIMAL ROUTING FOR QUANTUM NETWORKS", IEEE ACCESS, VOL. 5, PP. 22299-22312, OCTOBER 2017.
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ENGINEERING CONNECTIVITY 2/2: INTER-QLAN
OUR APPROACH

CLASSICAL
SIGNALING

GRAPH STATES

¢—Pauli measurement

Graph Domain o |G) X |€; i)i®|G')
L R e
q Graph operation ~(C
T G—1 if O.é — 0,
Icl:,f GEATO if o¢ = oy
| A
’ LU equivalence 1 Tko (TZ (Tko (G)) ?’) lf O-g Og-

| G> ¢- Pauli measurement

it '® |G
on qubit |§, :|:> X >
' S. CHEN, J. ILLIANO, A. S. CACCIAPUOTI, M. CALEFFI, "SCALING QUANTUM NETWORKS: INTER-QLANS ARTIFICIAL

........................................................................ ConNECTVITY" IEEE OCE, 2024,
Graph States Domaln e S. CHEN, J. ILLIANO, A.S. CACCIAPUOTI, M. CALEFFI, "ENTANGLEMENT-BASED ARTIFICIAL TOPOLOGY: NEIGHBORING REMOTE
NETWORK NODES", ARXIV.2404.16204, 2024.
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ENGINEERING CONNECTIVITY 2/2: INTER-QLAN
COMMUNICATION ARCHETYPES

HIERARCHICAL PEER-TO-PEER CLIENT HAND-OVER

Final state Final state

e

=

e S. CHEN, J. ILLANO, A. S. CACCIAPUOTI, M. CALEFFI, "SCALING QUANTUM NETWORKS: INTER-QLANS ARTIFICIAL
ConNECTIVITY", IEEE QCE, 2024.

e S. CHEN, J. ILLIANO, A.S. CACCIAPUOTI, M. CALEFFI, "ENTANGLEMENT-BASED ARTIFICIAL TOPOLOGY: NEIGHBORING REMOTE
NETWORK NODES", ARXIV.2404.16204, 2024.

FLY
PROF. ANGELA SARA CACCIAPUOTI AND PROF. MIARCELLO CALEFFI I
36 Future Communications Laboratory

IEEE QCE 2024, TUTORIAL #15 "QUANTUM INTERNET: WIRING THE WEIRDNESS" www.guantuminternet.t



University of Naples
e Federicoll

ENGINEERING CONNECTIVITY 2/2: INTER-QLAN
COMMUNICATION ARCHETYPES

GENUINE PEER-TO-PEER ROLE DELEGATION

Final state Final state

e S. CHEN, J. ILLANO, A. S. CACCIAPUOTI, M. CALEFFI, "SCALING QUANTUM NETWORKS: INTER-QLANS ARTIFICIAL
ConNECTIVITY", IEEE QCE, 2024.

e S. CHEN, J. ILLIANO, A.S. CACCIAPUOTI, M. CALEFFI, "ENTANGLEMENT-BASED ARTIFICIAL TOPOLOGY: NEIGHBORING REMOTE
NETWORK NODES", ARXIV.2404.16204, 2024.
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CONCLUDING
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ENGINEERING CONNECTIVITY

CONCLUDING OPEN ISSUES

®* ENTANGLEMENT ENABLES AN ARTIFICIAL ® CLASSICAL COMMUNICATIONS
NETWORK TOPOLOGY ® IS REALLY AN ISSUE?
* THAT CAN BE MANIPULATED ON-DEMAND
* SIMPLY, BY MEASURING QUBITS

® TRADE-OFF INITIAL RESOURCES VS FINAL

CONNECTIVITY
®* WITHOUT FURTHER QUANTUM RESOURCES ,
® WHAT’S THE BEST ENTANGLED STATE TO START
* IE.,, LOCC WITH?

NEIGHBORHOOD 15 UP TO YOU ® PHYSICAL VS ARTIFICIAL CONNECTIVITY

® IMPACT ON NETWORK DESIGN
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HOW DEEP IS THE RABBHF QUANTUM HOLE?

CONCLUDING

®* WE JUST STARTED SCRATCHING THE SURFACE OF
QUANTUM NETWORKING

“.. IF YOU WANT TO BE ON THE CUSP OF THE
FUTURE, YOU HAVE TO BE WILLING TO FAIL ... YOU
BETTER BELIEVE IT'S SCARY. BuUT IT'S AN
EXHILARATING INTELLECTUAL ADVENTURE ... SO IF
YOU KNOW WHAT YOU’RE DOING, DON’T DO IT!”

JEFF KIMBLE (1949, 2024)

* Images: flaticon.com, lewiscarroll.org
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THANKS FOR YOUR ATTENTION

Questions or comments?
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