
SESSION IV:
MIS OPTIMIZATION



By the end of the workshop, you will be able to:
• Encode unit-disk graph maximum independent set problems in Rydberg atoms
• Determine the Rydberg blockade radius for adiabatic algorithms for optimization
• Write down a Bloqade code pipeline to solve maximum independent set problems 

on unit-disk graphs
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Learning objectives



R. Samajdar et al., Phys. Rev. Lett. 124, 103601 (2020) 4

Starting point: patterns

<latexit sha1_base64="geCkgxI2mUUZd192o+Sd8J1uhpE=">AAAB/3icbVDLSgMxFM3UV62vquDGTbAIdTOdqXVaF0KxG3dWsQ9o65BJM21o5kGSEcrYhb/ixoUibv0Nd/6N6QNR64HLPZxzL7k5TsiokIbxqSUWFpeWV5KrqbX1jc2t9PZOXQQRx6SGAxbwpoMEYdQnNUklI82QE+Q5jDScQWXsN+4IFzTwb+QwJB0P9XzqUoykkuz03rXtnGUrtpVrX3qkh45uYzNnjex0xtCPT/PmSREaumpWyYKmbkzwTTJghqqd/mh3Axx5xJeYISFaphHKToy4pJiRUaodCRIiPEA90lLURx4RnXhy/wgeKqUL3YCr8iWcqD83YuQJMfQcNekh2Rd/vbH4n9eKpFvqxNQPI0l8PH3IjRiUARyHAbuUEyzZUBGEOVW3QtxHHGGpIkupEOa+PE/qed209MJVIVM+n8WRBPvgAGSBCYqgDC5AFdQABvfgETyDF+1Be9JetbfpaEKb7eyCX9DevwCufZSh</latexit>

Rb = (C6/⌦)
1/6
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Hardware-efficient Optimization

Choose possible locations Create an atomic twin Excite atoms to find answer!

How to optimally cover Boston with coffee shops?
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Optimization

Maximum
Independent
Set

Adapted from Ebadi et. al 
Science, 376, 6598 (2022)

(NP-Complete)

Vertex= atom
Edge = blockade
Cost function = Hamiltonian
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Adiabatic algorithms
<latexit sha1_base64="iiUZ01Z4txSJ15Je/mtGMha5L44="></latexit>

H = ⌦(t)
X

i

(|giihri|+H.c.)��(t)
X

i

ni +
X

i<j

Vijninj

Pushes atoms to
ground state

Pushes atoms to
Excited state

Precludes global mutual excitation

Quantum scrambling! (superposition)

How do we define connectivity?!
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Blockade radius choice

1 2

43

Choose a blockade radius so that only first neighbors are connected in the unit-disk sense

? ?
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Blockade radius choice

1 2

43

Choose a blockade radius so that only first neighbors are connected in the unit-disk sense
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Rydberg blockade paradigm

<latexit sha1_base64="giHj+vUdVr2lvoSigJrv2FNseAM=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZCUI9BLx4TMAskQ+jp1CRteha6e4Qw5Au8eFDEq5/kzb+xJ4ng+qDpx3tVVNXzE8GVdpx3q7Cyura+UdwsbW3v7O6V9w/aKk4lwxaLRSy7PlUoeIQtzbXAbiKRhr7Ajj+5yv3OHUrF4+hGTxP0QjqKeMAZ1UZqOoNyxbGrTg7ym7j2/HcqsERjUH7rD2OWhhhpJqhSPddJtJdRqTkTOCv1U4UJZRM6wp6hEQ1Redl80Rk5McqQBLE0L9Jkrn7tyGio1DT0TWVI9Vj99HLxL6+X6uDCy3iUpBojthgUpILomORXkyGXyLSYGkKZ5GZXwsZUUqZNNiUTwuel5H/SrtrumV1r1ir1y2UcRTiCYzgFF86hDtfQgBYwQLiHR3iybq0H69l6WZQWrGXPIXyD9foBhMWMww==</latexit>

0

Energy

<latexit sha1_base64="qIY1scHMRnq9HdAPkkqVJDEwckM=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYhqMegF48JmAWSIfT01CRteha6e4Qw5Au8eFDEq5/kzb+xJ4ng+qDpx3tVVNXzEsGVdpx3q7Cyura+UdwsbW3v7O6V9w86Kk4lwzaLRSx7HlUoeIRtzbXAXiKRhp7Arje5yv3uHUrF4+hGTxN0QzqKeMAZ1UZq+cNyxbFrTg7ym1Tt+e9UYInmsPw28GOWhhhpJqhS/aqTaDejUnMmcFYapAoTyiZ0hH1DIxqicrP5ojNyYhSfBLE0L9Jkrn7tyGio1DT0TGVI9Vj99HLxL6+f6uDCzXiUpBojthgUpILomORXE59LZFpMDaFMcrMrYWMqKdMmm5IJ4fNS8j/p1OzqmV1v1SuNy2UcRTiCYziFKpxDA66hCW1ggHAPj/Bk3VoP1rP1sigtWMueQ/gG6/UD05WM9w==</latexit>

d

<latexit sha1_base64="IRHQ6GEaW3gqz1Wrr2Tqd9Xe5ZI=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5CUUt0IxW5cVrAPaGOYTCbt0MkkzEyEErPwV9y4UMStv+HOv3HSVvB54HIP59zL3Dl+wqhUtv1uLCwuLa+sltbK6xubW9vmzm5HxqnApI1jFouejyRhlJO2ooqRXiIIinxGuv64WfjdGyIkjfmVmiTEjdCQ05BipLTkmfsdL3Oq+dkgFAhnTa+eZ8F1PffMim1V7QLwN3GsabcrYI6WZ74NghinEeEKMyRl37ET5WZIKIoZycuDVJIE4TEakr6mHEVEutn0/hweaSWAYSx0cQWn6teNDEVSTiJfT0ZIjeRPrxD/8vqpCk/djPIkVYTj2UNhyqCKYREGDKggWLGJJggLqm+FeIR0EkpHVtYhfP4U/k86VcupW7XLWqVxPo+jBA7AITgGDjgBDXABWqANMLgF9+ARPBl3xoPxbLzMRheM+c4e+Abj9QM3i5Wb</latexit>

V12 =
C6

d6𝐻 = −∆	(𝑛! + 𝑛") + 𝑉!"𝑛!𝑛"

= 
0
0

0
−∆

0
0

0
0

	0
	0

0
0

	−∆
	0

0
−2∆ + 𝑉!" <latexit sha1_base64="QPBUL0DjQkO5QPwejUaETribZOM=">AAAB7nicbVBNS8NAEN34WetX1aOXxSJ4sSRS1GNRDx4r2A9oQ9lsJ+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0O/VbT6CNiNUjjhPwIzZQIhScoZVa5907kMh6pbJbcWegy8TLSZnkqPdKX91+zNMIFHLJjOl4boJ+xjQKLmFS7KYGEsZHbAAdSxWLwPjZ7NwJPbVKn4axtqWQztTfExmLjBlHge2MGA7NojcV//M6KYbXfiZUkiIoPl8UppJiTKe/077QwFGOLWFcC3sr5UOmGUebUNGG4C2+vEyaFxXvslJ9qJZrN3kcBXJMTsgZ8cgVqZF7UicNwsmIPJNX8uYkzovz7nzMW1ecfOaI/IHz+QPNqo88</latexit>

��
<latexit sha1_base64="sM5UpxiSGonmNQsxxp05AgNwk6I=">AAAB+HicbVBNS8NAEN34WetHox69LBZBEEtSinos6sFjBfsBbQib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe0439bK6tr6xmZhq7i9s7tXsvcPWipOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsY3Uz99iNIxWLxoMcJeBEZCBYySrSRfLt0Xu3dAtfkrOVnbnXi22Wn4syAl4mbkzLK0fDtr14/pmkEQlNOlOq6TqK9jEjNKIdJsZcqSAgdkQF0DRUkAuVls8Mn+MQofRzG0pTQeKb+nshIpNQ4CkxnRPRQLXpT8T+vm+rwysuYSFINgs4XhSnHOsbTFHCfSaCajw0hVDJzK6ZDIgnVJquiCcFdfHmZtKoV96JSu6+V69d5HAV0hI7RKXLRJaqjO9RATURRip7RK3qznqwX6936mLeuWPnMIfoD6/MHNLKSKg==</latexit>

�2�+ V12
<latexit sha1_base64="4s+MWYak/pLDN7hSL970qSnRBy0=">AAACAHicbVDLSgMxFM34rPVVdeHCTbAIdTOdqXVaF0KxLlxWsQ9oxyGTpm1o5kGSEcowG3/FjQtF3PoZ7vwb0wei1gOXezjnXpJ73JBRIQ3jU1tYXFpeWU2tpdc3Nre2Mzu7DRFEHJM6DljAWy4ShFGf1CWVjLRCTpDnMtJ0h9Wx37wnXNDAv5WjkNge6vu0RzGSSnIy+zeOew5zVcfKdy4Jk+j4LjbzVuJksoZ+clYwT0vQ0FWzyhY0dWOCb5IFM9SczEenG+DII77EDAnRNo1Q2jHikmJGknQnEiREeIj6pK2ojzwi7HhyQAKPlNKFvYCr8iWcqD83YuQJMfJcNekhORB/vbH4n9eOZK9sx9QPI0l8PH2oFzEoAzhOA3YpJ1iykSIIc6r+CvEAcYSlyiytQpg7eZ40Crpp6cXrYrZyMYsjBQ7AIcgBE5RABVyBGqgDDBLwCJ7Bi/agPWmv2tt0dEGb7eyBX9DevwAJK5TM</latexit>

Rb = (C6/�)1/6
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Adiabatic algorithms
<latexit sha1_base64="iiUZ01Z4txSJ15Je/mtGMha5L44="></latexit>

H = ⌦(t)
X

i

(|giihri|+H.c.)��(t)
X

i

ni +
X

i<j

Vijninj

<latexit sha1_base64="4s+MWYak/pLDN7hSL970qSnRBy0=">AAACAHicbVDLSgMxFM34rPVVdeHCTbAIdTOdqXVaF0KxLlxWsQ9oxyGTpm1o5kGSEcowG3/FjQtF3PoZ7vwb0wei1gOXezjnXpJ73JBRIQ3jU1tYXFpeWU2tpdc3Nre2Mzu7DRFEHJM6DljAWy4ShFGf1CWVjLRCTpDnMtJ0h9Wx37wnXNDAv5WjkNge6vu0RzGSSnIy+zeOew5zVcfKdy4Jk+j4LjbzVuJksoZ+clYwT0vQ0FWzyhY0dWOCb5IFM9SczEenG+DII77EDAnRNo1Q2jHikmJGknQnEiREeIj6pK2ojzwi7HhyQAKPlNKFvYCr8iWcqD83YuQJMfJcNekhORB/vbH4n9eOZK9sx9QPI0l8PH2oFzEoAzhOA3YpJ1iykSIIc6r+CvEAcYSlyiytQpg7eZ40Crpp6cXrYrZyMYsjBQ7AIcgBE5RABVyBGqgDDBLwCJ7Bi/agPWmv2tt0dEGb7eyBX9DevwAJK5TM</latexit>

Rb = (C6/�)1/6
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Activity: build UDG, find MIS

1 2 3

4 5

6

7

8

9

<latexit sha1_base64="7XeCa6i4dQKvi/xLwuxHZNrtURE=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBg4Skra3HUi8eq9gPaEPZbLft0s0m7G6EEvojvHhQxKu/x5v/xk1boYo+GHi8N8PMPD/iTGnH+bQya+sbm1vZ7dzO7t7+Qf7wqKXCWBLaJCEPZcfHinImaFMzzWknkhQHPqdtf3Kd+u0HKhULxb2eRtQL8EiwISNYG6l910/qF3jWzxdc25kDOXbJLVWLlymplKtOBX1bBVii0c9/9AYhiQMqNOFYqa7rRNpLsNSMcDrL9WJFI0wmeES7hgocUOUl83Nn6MwoAzQMpSmh0VxdnUhwoNQ08E1ngPVY/fZS8S+vG+vhlZcwEcWaCrJYNIw50iFKf0cDJinRfGoIJpKZWxEZY4mJNgnlVkP4n7SKtluxy7flQq2+jCMLJ3AK5+BCFWpwAw1oAoEJPMIzvFiR9WS9Wm+L1oy1nDmGH7DevwAarY9x</latexit>

RB,a
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Quantum effects on hard MIS instances

Adapted from Ebadi et. al 
Science, 376, 6598 (2022)
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MIS applications are ubiquitous

Wurtz et al., “Industry applications of 
neutral-aom quantum computing solving 
independent set problems” 
https://arxiv.org/abs/2205.08500
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Summary

Hardware-efficient encoding

Quantum adiabatic algorithm

<latexit sha1_base64="4s+MWYak/pLDN7hSL970qSnRBy0=">AAACAHicbVDLSgMxFM34rPVVdeHCTbAIdTOdqXVaF0KxLlxWsQ9oxyGTpm1o5kGSEcowG3/FjQtF3PoZ7vwb0wei1gOXezjnXpJ73JBRIQ3jU1tYXFpeWU2tpdc3Nre2Mzu7DRFEHJM6DljAWy4ShFGf1CWVjLRCTpDnMtJ0h9Wx37wnXNDAv5WjkNge6vu0RzGSSnIy+zeOew5zVcfKdy4Jk+j4LjbzVuJksoZ+clYwT0vQ0FWzyhY0dWOCb5IFM9SczEenG+DII77EDAnRNo1Q2jHikmJGknQnEiREeIj6pK2ojzwi7HhyQAKPlNKFvYCr8iWcqD83YuQJMfJcNekhORB/vbH4n9eOZK9sx9QPI0l8PH2oFzEoAzhOA3YpJ1iykSIIc6r+CvEAcYSlyiytQpg7eZ40Crpp6cXrYrZyMYsjBQ7AIcgBE5RABVyBGqgDDBLwCJ7Bi/agPWmv2tt0dEGb7eyBX9DevwAJK5TM</latexit>

Rb = (C6/�)1/6

Maximum Independent Sets

Quantum Matters Many applications



Now you are able to:

• Encode unit-disk graph maximum independent set problems in Rydberg atoms
• Determine the Rydberg blockade radius for adiabatic algorithms for optimization
• Write down a Bloqade code pipeline to solve maximum independent set problems 

on unit-disk graphs
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Learning objectives

Graph Atom register

Node Atom

Independent set Excited atoms

Edge Rydberg blockade

Cost function Hamiltonian

Optimization problem Energy minimization

MIS Mindset


