
Maximum Independent Set
MIS
• Defini�on: Maximum number of ver�ces with no two adjacent
• NP-Hard Problem

Set Independent Set Maximum
Independent SetApplica�ons

• Many problems involving resource alloca�on can be mapped on to the 
maximum independent set problem
• Financial Services, Electric Car Charging Sta�ons, and Vaccine Distribu�on

Determining the most accessible loca�ons of vaccine centers for nearby ci�es
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Introduc�on
Quantum Compu�ng
• Specialized computers (ie GPU)
• Superposi�on and entanglement
• Leading paradigm to solve classically 
computa�onally intensive problems

Our Pla�orm
• Op�cally trapped stron�um
• Applica�ons in Quantum Compu�ng, Simula�on, 
and Op�cs
• Cross disciplinary - atomic physics, novel metasur-
faces, and quantum op�cs

Why Neutral Atoms?
• All atoms are iden�cal
• Mul�ple op�ons for qubit basis
• Long lived (seconds)
• Arbitrary geometry
• Tunable interac�on range
• Large array size

Kuhn group (2018) J. Mod. Opt 65, 2133-2141

Our Lab!

Apparatus
Load Atoms

Rearranage

Operate and Readout

= Excited State
= Ground State
= Empty Trap

Beam of Stron�um Atoms!

2D MOT

3D MOT

3rd Coldest Place
In

New York City!
Vacuum

Glass Cell

QAOA
• Quantum/Classical hybrid
• Prepare quantum state and op�-
mize varia�onal parameters
• For MIS, objec�ve func�on is size 
of Independent Set

Quantum Approximate Op�miza�on Algorithm

Tunable Parameters
• Laser Intensity
• Laser Detuning
• Laser Phase
(All �me dependent)

Giacomo, G. & Smelyanskiy, M., arXiv:1701.01450

QAA
• Slowly evolve Hamiltonian of a 
system to end up in the lowest 
energy state
• Similar to op�mizing the classi-
cal cost func�on

Quantum Adiaba�c Algorithm

Classical vs Quantum Cost Func�on

Favors being “on” Penalizes neighboring “on”

Unit Disk Representa�on
• Graph where nodes are connect-
ed if they fall within some unit dis-
tance away
• Arbitrary geometry allows for ar-
bitrary graph mapping
• Tunable interac�on distance cre-
ates edges between nodes 

3 μm

r

r =
 u

ni
t d

isk
 si

ze

Acknowledgements

QII-TAQS
NSF Convergence Accelerator 

Twee Sr

Weijun Yuan acknowledges


