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A vertex cover is a set of nodes 
that “covers” all edges. 

Finding a minimum vertex cover (Min-VC) is one of the 
most well-studied NP-hard problems.



Nate Veldt 3

A vertex cover is a set of nodes 
that “covers” all edges. 

The complement set is an 
independent set 

Finding a minimum vertex cover (Min-VC) is one of the 
most well-studied NP-hard problems.



Nate Veldt 4

A vertex cover is a set of nodes 
that “covers” all edges. 

The complement set is an 
independent set 

Finding a minimum vertex cover (Min-VC) is one of the 
most well-studied NP-hard problems.



Nate Veldt 5

Finding a minimum vertex cover (Min-VC) is one of the 
most well-studied NP-hard problems.

Simple linear-time 2-approximation 
algorithms for Min-VC have existed 
since the 1970s and 1980s.

For every fixed ε > 0, it is UGC-hard to 
obtain a 2-ε approximation. (KR ‘08)

This talk will cover a simple new 2-
approximation algorithm for 
minimum vertex cover.

Khot & Regev, Jour. Comp. and Sys. Sci. 2008
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Simple, linear-time Min-VC algorithms have been known 
for decades.  So what is new, and what’s this talk about?
1. New and unifying connections
• Equivalence with an existing greedy independent set algorithm
• New connections to correlation clustering algorithms
• This has implications for a parallel MIS algorithm that simultaneously 

solves multiple problems

2. Simple and fast algorithms for problems that can be reduced to Min-VC

3. Open questions



A standard 2-approximation is to include all nodes from 
a maximal matching
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Theorem. 
For every maximal matching,  
the endpoints are 2-approx for Min-VC.

M

C



This can be implemented by iterating through edges
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<latexit sha1_base64="8Fa9fiLbGIKQSlV8IiKF0P+ECSs=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ArVJAy04W6LIrgsoJ9QDuUTJppQzPJkGQKZezCX3HjQhG3/oY7/8ZMOwttPavDOfdyzz1+xKjSjvNt5VZW19Y38puFre2d3T17/6CpRCwxaWDBhGz7SBFGOWloqhlpR5Kg0Gek5Y9uUr81JlJRwR/0JCJeiAacBhQjbaSefRQICQnCQ1gqx+fjM9ilHN6WenbRqTgzwGXiZqQIMtR79le3L3AcEq4xQ0p1XCfSXoKkppiRaaEbKxIhPEID0jGUo5AoL5nln8JTo/RhmiQQXMOZ+nsjQaFSk9A3kyHSQ7XopeJ/XifWwZWXUB7FmnA8PxTEDGoB0zJgn0qCNZsYgrCkJivEQyQR1qayginBXXx5mTSrFfei4t5Xi7XrrI48OAYnoAxccAlq4A7UQQNg8AiewSt4s56sF+vd+piP5qxs5xD8gfX5A9dQlAs=</latexit>

for each (u, v) 2 E
<latexit sha1_base64="tSfabk2zBmu6C87AaPubmAOfXI4=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKFaTMdKEui25cVrAPaIeSyWTa0EwyJJlCGYobf8WNC0Xc+hXu/Bsz7Sy0eiBwOOcecu/xY0aVdpwvq7Cyura+UdwsbW3v7O7Z+wdtJRKJSQsLJmTXR4owyklLU81IN5YERT4jHX98k/mdCZGKCn6vpzHxIjTkNKQYaSMN7CMawko1OZ+cVSBVkAsNsTABEgzsslNz5oB/iZuTMsjRHNif/UDgJCJcY4aU6rlOrL0USU0xI7NSP1EkRniMhqRnKEcRUV46P2EGT40SwFBI83i2g1F/JlIUKTWNfDMZIT1Sy14m/uf1Eh1eeSnlcaIJx4uPwoRBLWDWBwyoJFizqSEIS2p2hXiEJMLatFYyJbjLJ/8l7XrNvai5d/Vy4zqvowiOwQmoAhdcgga4BU3QAhg8gCfwAl6tR+vZerPeF6MFK88cgl+wPr4BuNyVvQ==</latexit>

if (u, v) is not covered

<latexit sha1_base64="zYJwSyCpoTP+Ay6yxk12Miln1qw=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDCaChYTdFGoZTGMZwTwgG8LsZDYZMjuzzCMSllQ2/oqNhSK2foOdf+Mk2UKjBy6cOede5t4TJowq7XlfTm5ldW19I79Z2Nre2d1z9w+aShiJSQMLJmQ7RIowyklDU81IO5EExSEjrXBUm/mtMZGKCn6nJwnpxmjAaUQx0lbqucelGgwYiTSSUtxD+8AmgUFqzsfBtNRzi17ZmwP+JX5GiiBDved+Bn2BTUy4xgwp1fG9RHdTJDXFjEwLgVEkQXiEBqRjKUcxUd10fsYUnlqlDyMhbXEN5+rPiRTFSk3i0HbGSA/VsjcT//M6RkdX3ZTyxGjC8eKjyDCoBZxlAvtUEqzZxBKEJbW7QjxEEmFtkyvYEPzlk/+SZqXsX5T920qxep3FkQdH4AScAR9cgiq4AXXQABg8gCfwAl6dR+fZeXPeF605J5s5BL/gfHwDSByXvA==</latexit>

C  C [ {u, v}
<latexit sha1_base64="5E90FXf0cfPEINs5jyuTcm9a6yQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHoxWNF+wFtKJvNpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6QBkOKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n81On5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x07edcpplByRaLokwQk5DZ3yTkCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7XrNu6x59/Vq46aIowSncAYX4MEVNOAOmtACBkN4hld4c4Tz4rw7H4vWNaeYOYE/cD5/AFQtjdM=</latexit>

end
<latexit sha1_base64="5E90FXf0cfPEINs5jyuTcm9a6yQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHoxWNF+wFtKJvNpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6QBkOKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n81On5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x07edcpplByRaLokwQk5DZ3yTkCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7XrNu6x59/Vq46aIowSncAYX4MEVNOAOmtACBkN4hld4c4Tz4rw7H4vWNaeYOYE/cD5/AFQtjdM=</latexit>

end
C

This has also been generalized to node-weighted Min-VC. (B-Y, E ‘85)

Bar-Yehuda & Even, Ann. Dis. Math 1985

O(E) runtime



Pitt’s algorithm is a randomized 2-approximation
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<latexit sha1_base64="8Fa9fiLbGIKQSlV8IiKF0P+ECSs=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ArVJAy04W6LIrgsoJ9QDuUTJppQzPJkGQKZezCX3HjQhG3/oY7/8ZMOwttPavDOfdyzz1+xKjSjvNt5VZW19Y38puFre2d3T17/6CpRCwxaWDBhGz7SBFGOWloqhlpR5Kg0Gek5Y9uUr81JlJRwR/0JCJeiAacBhQjbaSefRQICQnCQ1gqx+fjM9ilHN6WenbRqTgzwGXiZqQIMtR79le3L3AcEq4xQ0p1XCfSXoKkppiRaaEbKxIhPEID0jGUo5AoL5nln8JTo/RhmiQQXMOZ+nsjQaFSk9A3kyHSQ7XopeJ/XifWwZWXUB7FmnA8PxTEDGoB0zJgn0qCNZsYgrCkJivEQyQR1qayginBXXx5mTSrFfei4t5Xi7XrrI48OAYnoAxccAlq4A7UQQNg8AiewSt4s56sF+vd+piP5qxs5xD8gfX5A9dQlAs=</latexit>

for each (u, v) 2 E
<latexit sha1_base64="tSfabk2zBmu6C87AaPubmAOfXI4=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKFaTMdKEui25cVrAPaIeSyWTa0EwyJJlCGYobf8WNC0Xc+hXu/Bsz7Sy0eiBwOOcecu/xY0aVdpwvq7Cyura+UdwsbW3v7O7Z+wdtJRKJSQsLJmTXR4owyklLU81IN5YERT4jHX98k/mdCZGKCn6vpzHxIjTkNKQYaSMN7CMawko1OZ+cVSBVkAsNsTABEgzsslNz5oB/iZuTMsjRHNif/UDgJCJcY4aU6rlOrL0USU0xI7NSP1EkRniMhqRnKEcRUV46P2EGT40SwFBI83i2g1F/JlIUKTWNfDMZIT1Sy14m/uf1Eh1eeSnlcaIJx4uPwoRBLWDWBwyoJFizqSEIS2p2hXiEJMLatFYyJbjLJ/8l7XrNvai5d/Vy4zqvowiOwQmoAhdcgga4BU3QAhg8gCfwAl6tR+vZerPeF6MFK88cgl+wPr4BuNyVvQ==</latexit>

if (u, v) is not covered

<latexit sha1_base64="5E90FXf0cfPEINs5jyuTcm9a6yQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHoxWNF+wFtKJvNpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6QBkOKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n81On5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x07edcpplByRaLokwQk5DZ3yTkCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7XrNu6x59/Vq46aIowSncAYX4MEVNOAOmtACBkN4hld4c4Tz4rw7H4vWNaeYOYE/cD5/AFQtjdM=</latexit>

end
<latexit sha1_base64="5E90FXf0cfPEINs5jyuTcm9a6yQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHoxWNF+wFtKJvNpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6QBkOKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n81On5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x07edcpplByRaLokwQk5DZ3yTkCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7XrNu6x59/Vq46aIowSncAYX4MEVNOAOmtACBkN4hld4c4Tz4rw7H4vWNaeYOYE/cD5/AFQtjdM=</latexit>

end

This has also been generalized to node-weighted Min-VC 

<latexit sha1_base64="yXBuDHv3BOuO/9xKf9uliw1X1dI=">AAACEnicbVC7TgJBFJ31ifhCLW0msibakF0KtSTSWGIijwQIuTs7CxNmZzYzsySE8A02/oqNhcbYWtn5N84ChYKnmZNz7s3cc4KEM20879tZW9/Y3NrO7eR39/YPDgtHxw0tU0VonUguVSsATTkTtG6Y4bSVKApxwGkzGFYzvzmiSjMpHsw4od0Y+oJFjICxUq9wSQZSaord1MVSYXfkYjBYgQhljI3EEIbZ41bdXqHolbwZ8CrxF6SIFqj1Cl+dUJI0psIQDlq3fS8x3Qkowwin03wn1TQBMoQ+bVsqIKa6O5lFmuJzq4Q4sidFUhg8U39vTCDWehwHdjIGM9DLXib+57VTE910J0wkqaGCzD+KUp6FzPrBIVOUGD62BIhi9lZMBqCAGNti3pbgL0deJY1yyb8q+fflYuV2UUcOnaIzdIF8dI0q6A7VUB0R9Iie0St6c56cF+fd+ZiPrjmLnRP0B87nD+dzmxY=</latexit>

choose u or v at random to add to C

C

Leonard Pitt, Yale University, 1985

O(E) runtime<latexit sha1_base64="pHqr17MiJntJwky0Xgl2dHWrJoM=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFqNgFe5SqGXQxjKK+YDkCHubuWTJ3t6xuyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpoXfWL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpFWrepdV775Wqd/kcRThBE7hAjy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDxkAjRI=</latexit>

$
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The new* algorithm generates a random node permutation 
and greedily grows a maximal independent set

<latexit sha1_base64="2tw/V8ltiWjoyaUC3aE3OgBQNCE=">AAACDXicbVA9SwNBEN3zM8avU0ubxUSwCncp1FK0sYxgopCEMLeZxCW7e8funBCCf8DGv2JjoYitvZ3/xs1H4deDgcd7M8zMSzIlHUXRZzA3v7C4tFxYKa6urW9shlvbDZfmVmBdpCq11wk4VNJgnSQpvM4sgk4UXiWDs7F/dYvWydRc0jDDtoa+kT0pgLzUCct9NGiBkFsw3VTzDK3OaeLycsvJvoZyJyxFlWgC/pfEM1JiM9Q64Uerm4pcoyGhwLlmHGXUHoElKRTeFVu5wwzEAPrY9NSARtceTb654/te6fJean0Z4hP1+8QItHNDnfhODXTjfntj8T+vmVPvuD2SJssJjZgu6uWKU8rH0fCutChIDT0BYaW/lYsbsCDIB1j0IcS/X/5LGtVKfFiJL6qlk9NZHAW2y/bYAYvZETth56zG6kywe/bIntlL8BA8Ba/B27R1LpjN7LAfCN6/AE4jm7A=</latexit>

generate random permutation �

<latexit sha1_base64="7Kc5M93CU+CzQZEqj43J2u6xvAs=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAixCbsplDLoI1lBPOAZAmzs7PJkHksM7OBEFP4KzYWitj6G3b+jZNkC008cOFwzr3ce0+YMKqN5307ubX1jc2t/HZhZ3dv/8A9PGpqmSpMGlgyqdoh0oRRQRqGGkbaiSKIh4y0wuHtzG+NiNJUigczTkjAUV/QmGJkrNRzT0ZUUwOFjAgsdTXtc1SmF6WeW/Qq3hxwlfgZKYIM9Z771Y0kTjkRBjOkdcf3EhNMkDIUMzItdFNNEoSHqE86lgrEiQ4m8/un8NwqEYylsiUMnKu/JyaIaz3moe3kyAz0sjcT//M6qYmvgwkVSWqIwItFccqgkXAWBoyoItiwsSUIK2pvhXiAFMLGRlawIfjLL6+SZrXiX1b8+2qxdpPFkQen4AyUgQ+uQA3cgTpoAAwewTN4BW/Ok/PivDsfi9ack80cgz9wPn8AbVqVDw==</latexit>

visit node �(i)

<latexit sha1_base64="LgRY2azRIasXJHLNnhN8m1yaS0c=">AAAB/XicbVC7TsMwFHXKq5RXeGwsFg0SU5V0ABakChbGItGH1EaV4zqtVceObAeppBW/wsIAQqz8Bxt/g9NmgJYzHZ1zr+65J4gZVdp1v63Cyura+kZxs7S1vbO7Z+8fNJVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC0U3mtx6IVFTwez2OiR+hAachxUgbqWcfhUJCh8Ir6DlQC+hMmhOnZ5fdijsDXCZeTsogR71nf3X7AicR4RozpFTHc2Ptp0hqihmZlrqJIjHCIzQgHUM5iojy01n6KTw1Sh9mOULBNZypvzdSFCk1jgIzGSE9VIteJv7ndRIdXvop5XGiCcfzQ2HCsjezKmCfSoI1GxuCsKQmK8RDJBHWprCSKcFbfHmZNKsV77zi3VXLteu8jiI4BifgDHjgAtTALaiDBsDgETyDV/BmPVkv1rv1MR8tWPnOIfgD6/MH8cyS9g==</latexit>

for i = 1 to |V |

<latexit sha1_base64="lCh7gxG0oY+fjywSlkIYU1Wf0AE=">AAAB/3icbVC7TsMwFL0pr1JeASQWFosWialKOgBjBQtsRaIPqa0qx3Faq04c2Q5SFTrwKywMIMTKb7DxNzhtBmg5kqWjc+6R7z1ezJnSjvNtFVZW19Y3ipulre2d3T17/6ClRCIJbRLBhex4WFHOItrUTHPaiSXFocdp2xtfZ377gUrFRHSvJzHth3gYsYARrI00sI+w7yMtUOW2gliAYqEUM9mBXXaqzgxombg5KUOOxsD+6vmCJCGNNOFYqa7rxLqfYqkZ4XRa6iWKxpiM8ZB2DY1wSFU/ne0/RadG8VEgpHmRRjP1dyLFoVKT0DOTIdYjtehl4n9eN9HBZT9lUZxoGpH5R0HCs4OzMpDPJCWaTwzBRDKzKyIjLDHRprKSKcFdPHmZtGpV97zq3tXK9au8jiIcwwmcgQsXUIcbaEATCDzCM7zCm/VkvVjv1sd8tGDlmUP4A+vzBwuulNg=</latexit>

add to I if possible
<latexit sha1_base64="DvxOH4JLS6mvk6FT9GdG46wKXH8=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNoKJJ9JyUI9ELh4xETCBhmy3U9iw3Ta7WxNs+CVePGiMV3+KN/+NW+hBwZdM8vLeTGbm+QlnSjvOt1Xa2Nza3invVvb2Dw6r9tFxT8WppNClMY/lg08UcCagq5nm8JBIIJHPoe9P27nffwSpWCzu9SwBLyJjwUJGiTbSyK4CV4BJEGAd43q7PrJrTsNZAK8TtyA1VKAzsr+GQUzTCISmnCg1cJ1EexmRmlEO88owVZAQOiVjGBgqSATKyxaHz/G5UQIcxtKU0Hih/p7ISKTULPJNZ0T0RK16ufifN0h1eO1lTCSpBkGXi8KU50/mKeCASaCazwwhVDJzK6YTIgnVJquKCcFdfXmd9JoN97Lh3jVrrZsijjI6RWfoArnoCrXQLeqgLqIoRc/oFb1ZT9aL9W59LFtLVjFzgv7A+vwB1oiR5Q==</latexit>

else add to C
<latexit sha1_base64="5E90FXf0cfPEINs5jyuTcm9a6yQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHoxWNF+wFtKJvNpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6QBkOKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n81On5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x07edcpplByRaLokwQk5DZ3yTkCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7XrNu6x59/Vq46aIowSncAYX4MEVNOAOmtACBkN4hld4c4Tz4rw7H4vWNaeYOYE/cD5/AFQtjdM=</latexit>

end

Can be easily generalized to weighted Min-VC!  
The runtime becomes O( V log V + E) 

Permutation 
depends on 
node weight

C

I

O(E) runtime (unweighted case)
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The unweighted version has been used for decades as a 
Greedy Maximal Independent Set algorithm

Theorem (Veldt, 2022).  GreedyMIS is a randomized 2-approximation algorithm for 
Min-VC (and can be generalized to node-weighted graphs).

Coppersmith, Raghavan & Tompa, FOCS 1987

Gamarnik & Goldberg, Prob. & Computing 2010

Blelloch, Fineman & Shun, SPAA 2012

Bennet & Bohman, RSA 2016

Fischer & Noever, TALG 2019, SODA 2018

J. Shi, Wang, Shang, (survey) 2018

A sample of references on GreedyMIS

These focus on MIS, no mention of Min-VC

C

I

4

3

7

9

26
5

8

1

https://arxiv.org/abs/2209.04673

https://arxiv.org/abs/2209.04673
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A corollary regarding Parallel GreedyMIS
A simple parallel version of GreedyMIS selects 
multiple IS nodes in each round. 

Returns same output as the sequential version!

WHP, it terminates in O(log n) rounds (FN ‘18).

Corollary. Parallel GreedyMIS returns:

• A maximal independent set
• 2-approximate vertex cover
• 3-approximation for correlation clustering
• 3-approximation for STC+ 

(related to Lutz’s talk)

C

I

Fischer & Noever, SODA 2018

4

3
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9

26
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Proof sketch
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We need to “pay” for nodes added to C.

Say u is added to C.

It must have had a neighbor v that was 
added to I.

Charge edge (u,v) for adding u to C.

v
u
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v

u

Step 1: algorithm’s expected cost is: 
<latexit sha1_base64="7QHAl/OJKxI3onREDd1OhVBElN4=">AAACHnicbVDLSgMxFM3Ud31VXboJFqGClBnxtRFEKbisYKvQGYZMmtrQTGZIbgplmC9x46+4caGI4Er/xvSx0OqBwOGce7k5J0oF1+C6X05hZnZufmFxqbi8srq2XtrYbOrEKMoaNBGJuouIZoJL1gAOgt2lipE4Euw26l0O/ds+U5on8gYGKQtici95h1MCVgpLR35MoBtFWS1vjSiHjCYa8gCfYV+bOMwqZr+/h30ucS3HaZiZfh6Wym7VHQH/Jd6ElNEE9bD04bcTamImgQqidctzUwgyooBTwfKibzRLCe2Re9ayVJKY6SAbxcvxrlXauJMo+yTgkfpzIyOx1oM4spPDBHraG4r/eS0DndMg4zI1wCQdH+oYgSHBw65wmytGQQwsIVRx+1dMu0QRCrbRoi3Bm478lzQPqt5x1bs+LJ9fTOpYRNtoB1WQh07QObpCddRAFD2gJ/SCXp1H59l5c97HowVnsrOFfsH5/AZIeKKN</latexit>

E[cost ] =
X

(u,v)2E

puv

<latexit sha1_base64="TRdHMUZmLHPGtEJdcTwcM/rz5uA=">AAACGXicbVC5TsNAFFyHK4TLQEmzIkGiiuwUQIMUQUMZJHJIiWWt1+tklfWhPSJZVn6Dhl+hoQAhSqj4G9aOC0iYajTzzvESRoW0rG+jsra+sblV3a7t7O7tH5iHRz0RK45JF8cs5gMPCcJoRLqSSkYGCSco9Bjpe9Pb3O/PCBc0jh5kmhAnROOIBhQjqSXXtBqpm6nZHF7DUcARtlswKYQGpAIGBAmqR8Eg5tBXiDVrrlm3mlYBuErsktRBiY5rfo78GKuQRBIzJMTQthLpZIhLihmZ10ZKkAThKRqToaYRColwsuKzOTzTil9sD+JIwkL93ZGhUIg09HRliORELHu5+J83VDK4cjIaJUqSCC8WBYpBGcM8JuhTTrBkqSYIc6pvhXiCdEBSh5mHYC+/vEp6raZ90bTvW/X2TRlHFZyAU3AObHAJ2uAOdEAXYPAInsEreDOejBfj3fhYlFaMsucY/IHx9QPj4574</latexit>

yuv = 1
2puv is feasible for dual.

<latexit sha1_base64="kEzodiPlUjosAnBc9NcikrNda7g=">AAACEnicbVDLSsNAFJ3UV62vqEs3g43QgpSkC3UjFN24rGAf0IYwmUzaoZMHM5NCCP0GN/6KGxeKuHXlzr9xmmahrQcuHM65l3vvcWNGhTTNb620tr6xuVXeruzs7u0f6IdHXRElHJMOjljE+y4ShNGQdCSVjPRjTlDgMtJzJ7dzvzclXNAofJBpTOwAjULqU4ykkhy9bsROlkxnBryGMY9c5FJGZQqNWnI+rRuQCojHiI+I5+hVs2HmgKvEKkgVFGg7+tfQi3ASkFBihoQYWGYs7QxxSTEjs8owESRGeIJGZKBoiAIi7Cx/aQbPlOJBP+KqQglz9fdEhgIh0sBVnQGSY7HszcX/vEEi/Ss7o2GcSBLixSI/YVBGcJ4P9CgnWLJUEYQ5VbfmASAsVYoVFYK1/PIq6TYb1kXDum9WWzdFHGVwAk5BDVjgErTAHWiDDsDgETyDV/CmPWkv2rv2sWgtacXMMfgD7fMHgD6cGw==</latexit>

puv = probability (u, v) is charged

Step 2: Prove (implicitly) that
Dual LP (fractional matching)

z

<latexit sha1_base64="MHhOslsgkTVmVhnnfgo894U4caI="></latexit>

max
X

(u,v)2E

yuv

s.t. 8u 2 V :
P

i:(u,i)2E yui  1
yuv � 0 for (u, v) 2 E.

LP duality 

Proof sketch

<latexit sha1_base64="B2W8cdY41wY+RRPVSjW/DzmTfsY="></latexit>

Min-VC � OPT Dual LP �
X

(u,v)2E

puv
2

=
E[cost ]

2
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v

u

Step 1: algorithm’s expected cost is: 
<latexit sha1_base64="7QHAl/OJKxI3onREDd1OhVBElN4=">AAACHnicbVDLSgMxFM3Ud31VXboJFqGClBnxtRFEKbisYKvQGYZMmtrQTGZIbgplmC9x46+4caGI4Er/xvSx0OqBwOGce7k5J0oF1+C6X05hZnZufmFxqbi8srq2XtrYbOrEKMoaNBGJuouIZoJL1gAOgt2lipE4Euw26l0O/ds+U5on8gYGKQtici95h1MCVgpLR35MoBtFWS1vjSiHjCYa8gCfYV+bOMwqZr+/h30ucS3HaZiZfh6Wym7VHQH/Jd6ElNEE9bD04bcTamImgQqidctzUwgyooBTwfKibzRLCe2Re9ayVJKY6SAbxcvxrlXauJMo+yTgkfpzIyOx1oM4spPDBHraG4r/eS0DndMg4zI1wCQdH+oYgSHBw65wmytGQQwsIVRx+1dMu0QRCrbRoi3Bm478lzQPqt5x1bs+LJ9fTOpYRNtoB1WQh07QObpCddRAFD2gJ/SCXp1H59l5c97HowVnsrOFfsH5/AZIeKKN</latexit>

E[cost ] =
X

(u,v)2E

puv

<latexit sha1_base64="TRdHMUZmLHPGtEJdcTwcM/rz5uA=">AAACGXicbVC5TsNAFFyHK4TLQEmzIkGiiuwUQIMUQUMZJHJIiWWt1+tklfWhPSJZVn6Dhl+hoQAhSqj4G9aOC0iYajTzzvESRoW0rG+jsra+sblV3a7t7O7tH5iHRz0RK45JF8cs5gMPCcJoRLqSSkYGCSco9Bjpe9Pb3O/PCBc0jh5kmhAnROOIBhQjqSXXtBqpm6nZHF7DUcARtlswKYQGpAIGBAmqR8Eg5tBXiDVrrlm3mlYBuErsktRBiY5rfo78GKuQRBIzJMTQthLpZIhLihmZ10ZKkAThKRqToaYRColwsuKzOTzTil9sD+JIwkL93ZGhUIg09HRliORELHu5+J83VDK4cjIaJUqSCC8WBYpBGcM8JuhTTrBkqSYIc6pvhXiCdEBSh5mHYC+/vEp6raZ90bTvW/X2TRlHFZyAU3AObHAJ2uAOdEAXYPAInsEreDOejBfj3fhYlFaMsucY/IHx9QPj4574</latexit>

yuv = 1
2puv is feasible for dual.

<latexit sha1_base64="kEzodiPlUjosAnBc9NcikrNda7g=">AAACEnicbVDLSsNAFJ3UV62vqEs3g43QgpSkC3UjFN24rGAf0IYwmUzaoZMHM5NCCP0GN/6KGxeKuHXlzr9xmmahrQcuHM65l3vvcWNGhTTNb620tr6xuVXeruzs7u0f6IdHXRElHJMOjljE+y4ShNGQdCSVjPRjTlDgMtJzJ7dzvzclXNAofJBpTOwAjULqU4ykkhy9bsROlkxnBryGMY9c5FJGZQqNWnI+rRuQCojHiI+I5+hVs2HmgKvEKkgVFGg7+tfQi3ASkFBihoQYWGYs7QxxSTEjs8owESRGeIJGZKBoiAIi7Cx/aQbPlOJBP+KqQglz9fdEhgIh0sBVnQGSY7HszcX/vEEi/Ss7o2GcSBLixSI/YVBGcJ4P9CgnWLJUEYQ5VbfmASAsVYoVFYK1/PIq6TYb1kXDum9WWzdFHGVwAk5BDVjgErTAHWiDDsDgETyDV/CmPWkv2rv2sWgtacXMMfgD7fMHgD6cGw==</latexit>

puv = probability (u, v) is charged

Step 2: Prove (implicitly) that
Dual LP (fractional matching)

z

<latexit sha1_base64="MHhOslsgkTVmVhnnfgo894U4caI="></latexit>

max
X

(u,v)2E

yuv

s.t. 8u 2 V :
P

i:(u,i)2E yui  1
yuv � 0 for (u, v) 2 E.

LP duality 

Proof sketch

<latexit sha1_base64="B2W8cdY41wY+RRPVSjW/DzmTfsY="></latexit>

Min-VC � OPT Dual LP �
X

(u,v)2E

puv
2

=
E[cost ]

2

Inspired by the proof that 

Pivot is a 3-approximation 

for correlation clustering!



Colored Hypergraph Clustering can be reduced to Min-VC 
in an approximation preserving way
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Edge-Colored Hypergraph Clustering. Given an edge-colored hypergraph, 
color nodes in a way that leaves the fewest number of edges unsatisfied.

Equivalently: delete (or cover) min # number of edges to destroy pairs of edges 
that overlap and are a different color.

Two unsatisfied edges:
Node colors don’t 
match edge color

Amburg, Veldt, & Benson, WWW 2020, Veldt 2022



Colored Hypergraph Clustering can be reduced to Min-VC 
in an approximation preserving way
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<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

C

I

Naive 2-approximation. Explicitly form G and run an existing 2-approximation 
algorithm that iterates through all edges in G. 

<latexit sha1_base64="LrzNBXWzkEsCUhSfLFfaZZI+DcA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUkLIrol6Eogg9VrAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLyd+M0nqjSL5IMZxdQXuC9ZyAg2VnqsomtUapzenXQLRbfsToEWiZeRImSodQtfnV5EEkGlIRxr3fbc2PgpVoYRTsf5TqJpjMkQ92nbUokF1X46PXiMjq3SQ2GkbEmDpurviRQLrUcisJ0Cm4Ge9ybif147MeGVnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb2Lsre/XmxcpPFkYNDOIISeHAJFahCDepAQMAzvMKbo5wX5935mLUuOdnMAfyB8/kDNEaOtw==</latexit>

H = (V,E)
<latexit sha1_base64="bnhhuUHwdmHqBVuO05gZnsXgHS8=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUkJKIqBehKFKPFewHtDFstpt26WYTdjdKCf0fXjwo4tX/4s1/47bNQVsfDDzem2Fmnh9zprRtf1sLi0vLK6u5tfz6xubWdmFnt6GiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3A99puPVCoWiXs9jKkb4p5gASNYG+mhii5RqeFVj9GNVz3yCkW7bE+A5omTkSJkqHmFr043IklIhSYcK9V27Fi7KZaaEU5H+U6iaIzJAPdo21CBQ6rcdHL1CB0apYuCSJoSGk3U3xMpDpUahr7pDLHuq1lvLP7ntRMdXLgpE3GiqSDTRUHCkY7QOALUZZISzYeGYCKZuRWRPpaYaBNU3oTgzL48TxonZees7NydFitXWRw52IcDKIED51CBW6hBHQhIeIZXeLOerBfr3fqYti5Y2cwe/IH1+QMgj5BU</latexit>

G = (VG, EG)

<latexit sha1_base64="Sqg0hrTVi9WSH32xVv3+6O26rOk=">AAACCHicbVDLSgMxFM3UV62vqksXBotQEcpMEXVZFMGdFewD2umQSdM2NMkMSaZQpl268VfcuFDErZ/gzr8xbWehrQcuHM65l3vv8UNGlbbtbyu1tLyyupZez2xsbm3vZHf3qiqIJCYVHLBA1n2kCKOCVDTVjNRDSRD3Gan5/euJXxsQqWggHvQwJC5HXUE7FCNtJC97eJdvqoh78QA2qYDVMWx7g1YRnsLRzahVPPGyObtgTwEXiZOQHEhQ9rJfzXaAI06Exgwp1XDsULsxkppiRsaZZqRIiHAfdUnDUIE4UW48fWQMj43Shp1AmhIaTtXfEzHiSg25bzo50j01703E/7xGpDuXbkxFGGki8GxRJ2JQB3CSCmxTSbBmQ0MQltTcCnEPSYS1yS5jQnDmX14k1WLBOS8492e50lUSRxocgCOQBw64ACVwC8qgAjB4BM/gFbxZT9aL9W59zFpTVjKzD/7A+vwB1ryX7w==</latexit>

O(
X

v2V

d
2
v + |E|2)Runtime.                                     ,        |E| = # hyperedges



We can implicitly implement GreedyMIS in linear-time!
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We never actually form this 
graph or consider all its edges.

When we visit an edge e, we just check 
each node in e, which takes O(|e|) time

Applying this procedure to H takes                       time. 

<latexit sha1_base64="Kc3D+rATVXwxEQWDysleECL8wQo=">AAACC3icbVBNS8NAEN34bf2qevSyWAS9lEREPRZF8GYFawtNCJvtpF3cbMLuRCixdy/+FS8eFPHqH/Dmv3H7cfDrwcDjvRlm5kWZFAZd99OZmp6ZnZtfWCwtLa+srpXXN65NmmsODZ7KVLciZkAKBQ0UKKGVaWBJJKEZ3ZwO/eYtaCNSdYX9DIKEdZWIBWdopbC8feFLiHGX+iZPwgKoLxQ9G9A7uKO+Ft0e7oXlilt1R6B/iTchFTJBPSx/+J2U5wko5JIZ0/bcDIOCaRRcwqDk5wYyxm9YF9qWKpaACYrRLwO6Y5UOjVNtSyEdqd8nCpYY008i25kw7Jnf3lD8z2vnGB8HhVBZjqD4eFGcS4opHQZDO0IDR9m3hHEt7K2U95hmHG18JRuC9/vlv+R6v+odVr3Lg0rtZBLHAtki22SXeOSI1Mg5qZMG4eSePJJn8uI8OE/Oq/M2bp1yJjOb5Aec9y9uJJoI</latexit>

O

 
X

e2E

|e|
!

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e
<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e

<latexit sha1_base64="q1WW3rLfU1JyS+tfwms7vtsZuuQ=">AAACH3icbVC7TsMwFHXKq5RXgJHFUCExVQlCgNSlgoWxSPQhNVHlOE5r1bEj20Gqos58Bx/ACp/Ahlj7BfwGTpuBthzZOkfn3qtrnyBhVGnHmVqltfWNza3ydmVnd2//wD48aiuRSkxaWDAhuwFShFFOWppqRrqJJCgOGOkEo/u83nkmUlHBn/Q4IX6MBpxGFCNtrL59iqBX9+owmBM2lJ+wYAIrfbvq1JwZ4KpwC1EFBZp9+8cLBU5jwjVmSKme6yTaz5DUFDMyqXipIgnCIzQgPSM5ionys9lXJvDcOCGMhDSXazhz/05kKFZqHAemM0Z6qJZruflfrZfq6NbPKE9STTieL4pSBrWAeS4wpJJgzcZGICypeSvEQyQR1ia9hS2BECONAjUxybjLOayK9mXNva65j1fVxl2RURmcgDNwAVxwAxrgATRBC2DwAt7AO/iwXq1P68v6nreWrGLmGCzAmv4CujOfTA==</latexit>

a b c d e



The proof is inspired by a 3-approximation algorithm 
for correlation clustering called Pivot
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Correlation clustering (also called cluster editing)

Pivot algorithm: cluster 
random pivot nodes with 
their unclustered neighbors

Goal: add/delete a minimum # of edges to change into disjoint clique graph 

Same as 
clustering



Pivot is (basically) equivalent to GreedyMIS!
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The random pivot nodes are a 
greedy maximal independent set.

This has been observed in previous 
work on parallel MIS algorithms.

Fischer & Noever, TALG 2019

However, this is not the inspiration 
for the new Min-VC algorithm!

That is related to a more subtle 
relationship.



Pivot can be implicitly viewed as a 3-approximation for 
a 3-uniform hypergraph Vertex Cover algorithm
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<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="Wvi2dauVFo8Qohybl1ZHjLObTXs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPne2M0Q==</latexit>

G

Correlation clustering in G… …can be lower-bounded by a  Min-VC 
problem in a 3-uniform hypergraph H

<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34

<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34
<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34

<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34

<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34
<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34 <latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

Adding/deleting an edge in G… ….means covering a node in H



Pivot can be implicitly viewed as a 3-approximation for 
a 3-uniform hypergraph Vertex Cover algorithm

Nate Veldt 22

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="Wvi2dauVFo8Qohybl1ZHjLObTXs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPne2M0Q==</latexit>

G

Correlation clustering in G… …can be lower-bounded by a  Min-VC 
problem in a 3-uniform hypergraph H

<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34

<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34
<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34

<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34

<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34
<latexit sha1_base64="LWoSe0wxHMkovkvYOwLnvnHfZpE=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUCZtUaGbohuXFewDOkPJpJk2NJMZkoxQhn6EG3/FjQtF3Lpw59+YdmahrQdCzj3nXpJ7/JgzpR3n21pZXVvf2CxsFbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88c3M7zxQqVgk7vUkpl6Ih4IFjGBtpL59jirQrbt1CFE1I6iW3ZW8ruR1tda3S07ZmQMuE5STEsjR7Ntf7iAiSUiFJhwr1UNOrL0US80Ip9OimygaYzLGQ9ozVOCQKi+dLzWFp0YZwCCS5ggN5+rviRSHSk1C33SGWI/UojcT//N6iQ6uvJSJONFUkOyhIOFQR3CWEBwwSYnmE0Mwkcz8FZIRlphok2PRhIAWV14m7UoZXZTRXa3UuM7jKIBjcALOAAKXoAFuQRO0AAGP4Bm8gjfryXqx3q2PrHXFymeOwB9Ynz8owZgD</latexit>

12 13 14 23 24 34 <latexit sha1_base64="R7P1U+hePPBb6e8Xy2jElmY/qHE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBn3GM0g==</latexit>

H

Adding/deleting an edge in G… ….means covering a node in H

This hypergraph vertex cover 

algorithm is equivalent to STC+



Open questions
Can we further simplify/unify existing parallel algorithms for finding maximal 
independent sets, approximating Min-VC, and approximating correlation clustering?

Can this maximal independent set approach for Min-VC be extended to hypergraph 
vertex cover?

Can we exploit this relationship between Min-VC and correlation clustering to 
develop new combinatorial and parallel algorithms for weighted correlation 
clustering?

23
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Growing a Random Maximal Independent Set Produces a 2-approximate Vertex Cover
Nate Veldt,  https://arxiv.org/abs/2209.04673
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