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Select one good solution out of many possible solutions.
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Optlcal Cross Connect Notation simplified for visualization purposes...
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4 Strategy of Problem Mapping

Express m inequalities as equalities via slack

Ax+b<0, xecN becZm" Ac 7™k
S dseZ" > 0:Ax+-b+s=0

Quadratic optimization of objective and penalty
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5 ILP as QUBO Problem

ILP related matrices are of size
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Modified objective function in QUBO form

becomes

X°(q) = q' Q@ + C — min

with Q= p| 3 &< q:[gj, C = p||b|?

Subcomponents relate to ILP matrices by
1
Qu=ZIA"AZ + diag||2b'A+ “c'| Z,
p
Qus=Z, Z;+ 2diag|Z) b}, Qs=QL = Z,A'Z,
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6 Challenges and Opt. Routes

® Finite hardware resources & finding an
embedding (once)
® Available qubits |g| < 5.6k
® Qubit connectivity |Q;;| < 15 (avg ~ 14.3)
(For higher connectivity, multiple physical qubits
are chained to form a logical qubit)
® Total connectivity [{Q; # 0}| < 40.1k

= Minimize slack size by reducing resolution
Hec R — He QYT (slack digits)

* Finding the ground state (hardware
resolution vs problem energy landscape)

= Problem resolution dependent penalty term

7 Results
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D-Wave Energy

Problem uses same embedding as for n = 3. Invalid solutions do not fulfill constraints.
Statistics: 10k samples; Annealing time: 1us.
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r=(A - C)

Hc’d’td < Demand data rate over circuit capacity for circuits which appear in realization
» Enough ports are available to activate required circuits
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2 Mixed Integer Linear Program for Resource Allocation

Dimensions:

# of all demands: | D |
# of all candidate paths | C|
# of all nodes in network | V|

# of all realizations | T | = Z | T,|
deD

Set of all demands D = {d,, ---}

~

c;,=A—->B->C
are a subset of all circuits / paths C

o

r=(A—->B,B— C) rn=A@A->B-0)
Activates ports at B Does not activate ports at B (Tl = {(Cl, 7’1), (Cz, 1’2), (6‘2, 7'3)})

Demand relevant paths L, (L; = {c{,¢,})

Defines number of realizations
per demand 7

Max. circuit length: 1500 km

— D — C) excluded since D — C will exceed max circuit length’

8 Conclusions

® Theoretical scaling suggests possibility to
embed network sizes up to 11 nodes
Actual embedding related scaling limited to 6
nodes (empirically scaling with ~ n°3);
Room to improve search for embedding?
Assuming robust scaling prediction,
embedding 15-node networks requires more
than x10 # available qubits

Possible to find correct solution for smallest
possible network with high probability.
Scaling to larger networks requires further
optimizations of algorithm

9 Future Steps

Embedding search

Algorithm optimizations

Hybrid Monte Carlo comparison benchmark
Open Data access (via EspressoDB)
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