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Integer Programming

Integer programs are linear programs (LPs) with integral variables:

zOPT := min
x

w⊺x subject to Ax ≤ b, x ∈ Z (1)

Solving integer programs (IPs) is hard, but ubiquitous...

Crew Scheduling Power Production Vehicle Routing

Server Load Balancing Portfolio Optimization Neural Network Verification

Why ML? → IPs are many and similar in most applications.
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Branch and Bound Algorithm

IPs can be solved with branch and bound (B&B):

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.
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IPs can be solved with branch and bound (B&B):
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<latexit sha1_base64="7IyuCEEPfqzQMoh6Mhd3IR5znGo=">AAAB83icdVDLSgMxFM3UV62vqks3oa3gapi0tdVdwY3LCvYBnaFk0kwbmsmMSUYsQ3/DjQtF3Poz7vwb04dQRQ9cOJxzL/fe48ecKe04n1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69mfueeSsUicasnMfVCPBQsYARrI7mlhz6CLqd3EJX6+aJjo/J59dKBK6RWraBKHSLbmaMIlmj28x/uICJJSIUmHCvVQ06svRRLzQin05ybKBpjMsZD2jNU4JAqL53fPIWnRhnAIJKmhIZzdXUixaFSk9A3nSHWI/Xbm4l/eb1EBxdeykScaCrIYlGQcKgjOAsADpikRPOJIZhIZm6FZIQlJtrElDMhfH8K/yftso1qdvWmXGwUlnFkwQkogDOAQB00wDVoghYgIAaP4Bm8WIn1ZL1ab4vWjLWcOQY/YL1/AU6YkHo=</latexit>

x1  1
<latexit sha1_base64="+QGRhdz21fGfSFAWIsyfy/EP5oA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8iFn1Fip0xhzERJvUK64VXcBsk68nFQgR3NQ/uqHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7I5dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSbtW9W6q1w+1Sv0ij6MIZ3AOV+DBLdThHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBnEY7e</latexit>

Child 1

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.
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x1  1
<latexit sha1_base64="+QGRhdz21fGfSFAWIsyfy/EP5oA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8iFn1Fip0xhzERJvUK64VXcBsk68nFQgR3NQ/uqHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7I5dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSbtW9W6q1w+1Sv0ij6MIZ3AOV+DBLdThHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBnEY7e</latexit>

Child 1

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="ALQJ4aIBl4M/Iw/7HrH4EqJS9tw=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7Q7jDdqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUh3kHY=</latexit>

x2 � 1
<latexit sha1_base64="5NNsJ4BdXu/so0lrAJPio/deJlw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4Kkkp6rHQi8cK9gPaUDababt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkMfc7T6g0j+WjmSboR3Qk+ZAzaqzUaYy5CEltUCq7FXcBsk68nJQhR3NQ+uqHMUsjlIYJqnXPcxPjZ1QZzgTOiv1UY0LZhI6wZ6mkEWo/W5w7I1dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbta8W4qtYdquX6Zx1GAc7iAa/DgFupwD01oAYMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBrnY7h</latexit>

Child 4

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.
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Branch and Bound Algorithm

IPs can be solved with branch and bound (B&B):
<latexit sha1_base64="zgv9EUFlFPUzfHSqxtqGF3FhqqM=">AAAB63icbVDLSgNBEJyNrxhfUY9eBqPgKewGUY8BLx6jmAckS5idzCZD5rHM9Aoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3md9+YsZyrR5hkrBQkqHiMacEMulBa+iXK37VnwOvkiAnFZSj0S9/9QaappIpoIJY2w38BMIpMcCpYLNSL7UsIXRMhqzrqCKS2XA6v3WGz50ywLE2rhTgufp7YkqktRMZuU5JYGSXvUz8z+umEN+EU66SFJiii0VxKjBonD2OB9wwCmLiCKGGu1sxHRFDKLh4Si6EYPnlVdKqVYOr6uV9rVI/y+MoohN0ii5QgK5RHd2hBmoiikboGb2iN096L96797FoLXj5zDH6A+/zBxdTji8=</latexit>

Root
<latexit sha1_base64="7IyuCEEPfqzQMoh6Mhd3IR5znGo=">AAAB83icdVDLSgMxFM3UV62vqks3oa3gapi0tdVdwY3LCvYBnaFk0kwbmsmMSUYsQ3/DjQtF3Poz7vwb04dQRQ9cOJxzL/fe48ecKe04n1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69mfueeSsUicasnMfVCPBQsYARrI7mlhz6CLqd3EJX6+aJjo/J59dKBK6RWraBKHSLbmaMIlmj28x/uICJJSIUmHCvVQ06svRRLzQin05ybKBpjMsZD2jNU4JAqL53fPIWnRhnAIJKmhIZzdXUixaFSk9A3nSHWI/Xbm4l/eb1EBxdeykScaCrIYlGQcKgjOAsADpikRPOJIZhIZm6FZIQlJtrElDMhfH8K/yftso1qdvWmXGwUlnFkwQkogDOAQB00wDVoghYgIAaP4Bm8WIn1ZL1ab4vWjLWcOQY/YL1/AU6YkHo=</latexit>

x1  1
<latexit sha1_base64="+QGRhdz21fGfSFAWIsyfy/EP5oA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8iFn1Fip0xhzERJvUK64VXcBsk68nFQgR3NQ/uqHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7I5dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSbtW9W6q1w+1Sv0ij6MIZ3AOV+DBLdThHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBnEY7e</latexit>

Child 1

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="ALQJ4aIBl4M/Iw/7HrH4EqJS9tw=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7Q7jDdqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUh3kHY=</latexit>

x2 � 1
<latexit sha1_base64="5NNsJ4BdXu/so0lrAJPio/deJlw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4Kkkp6rHQi8cK9gPaUDababt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkMfc7T6g0j+WjmSboR3Qk+ZAzaqzUaYy5CEltUCq7FXcBsk68nJQhR3NQ+uqHMUsjlIYJqnXPcxPjZ1QZzgTOiv1UY0LZhI6wZ6mkEWo/W5w7I1dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbta8W4qtYdquX6Zx1GAc7iAa/DgFupwD01oAYMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBrnY7h</latexit>

Child 4

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

<latexit sha1_base64="9kvNlg/aYSFYQul+7POgCMKXJ6E=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzGI0HIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZLznl5jnxbeZih2sl9tLshiQWVhnCsdavoRMZLsDKMcDrKtmNNI0wGuEdbKZVYUO0lk4NH6DBVuigIVVrSoIk6P5FgofVQ+GmnwKavf3tj8S+vFZug7CVMRrGhkkwXBTFHJkTj71GXKUoMH6YEE8XSWxHpY4WJSTPKzofwP6m7dvHUPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLTWo8K</latexit>

z⇤ = 5.2

<latexit sha1_base64="JPsYvNrOve4onhZP2CxocpYAn/8=">AAACiHicbVFdT9swFHWysbGwjw4e92KtAk3bFCVVy8cDEmIP8MgmCkhNVTnOTWrh2JE/xiorv4X/xBv/Zm4p0qC7sqWjc8+59/o6bzjTJknug/DFy7VXr9ffRBtv373/0Pm4eaGlVRSGVHKprnKigTMBQ8MMh6tGAalzDpf59Y95/vI3KM2kODezBsY1qQQrGSXGU5PObVZA6b2LSq4Eopm3Kiha9+vkuHW9weD7bt+fNspyqJ hwhLNKfG1xlBn4Y9wUrIqxbRpQOJdWFC3eOcT7OMseFRWXOeGYy5snEpet9sSDuOcbgSge20w63SROFoFXQboEXbSMs0nnLisktTUIQznRepQmjRk7ogyjHHxxq6Eh9JpUMPJQkBr02C1GafG2ZwpcSuWvMHjB/utwpNZ6VudeWRMz1c9zc/J/uZE15f7YMdFYA4I+NCotx0bi+a/ggimghs88IFQxPyumU6IINf7vIr+E9PmTV8FFL0534/7PXvcIL9exjj6hz+gLStEeOkKn6AwNEQ3Wgm9BPxiEUZiEe+HBgzQMlp4t9CTC47/SocLi</latexit>

heur. upper bound = 8

global lower bound = 5.2

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.
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Branch and Bound Algorithm

IPs can be solved with branch and bound (B&B):
<latexit sha1_base64="zgv9EUFlFPUzfHSqxtqGF3FhqqM=">AAAB63icbVDLSgNBEJyNrxhfUY9eBqPgKewGUY8BLx6jmAckS5idzCZD5rHM9Aoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3md9+YsZyrR5hkrBQkqHiMacEMulBa+iXK37VnwOvkiAnFZSj0S9/9QaappIpoIJY2w38BMIpMcCpYLNSL7UsIXRMhqzrqCKS2XA6v3WGz50ywLE2rhTgufp7YkqktRMZuU5JYGSXvUz8z+umEN+EU66SFJiii0VxKjBonD2OB9wwCmLiCKGGu1sxHRFDKLh4Si6EYPnlVdKqVYOr6uV9rVI/y+MoohN0ii5QgK5RHd2hBmoiikboGb2iN096L96797FoLXj5zDH6A+/zBxdTji8=</latexit>

Root
<latexit sha1_base64="7IyuCEEPfqzQMoh6Mhd3IR5znGo=">AAAB83icdVDLSgMxFM3UV62vqks3oa3gapi0tdVdwY3LCvYBnaFk0kwbmsmMSUYsQ3/DjQtF3Poz7vwb04dQRQ9cOJxzL/fe48ecKe04n1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69mfueeSsUicasnMfVCPBQsYARrI7mlhz6CLqd3EJX6+aJjo/J59dKBK6RWraBKHSLbmaMIlmj28x/uICJJSIUmHCvVQ06svRRLzQin05ybKBpjMsZD2jNU4JAqL53fPIWnRhnAIJKmhIZzdXUixaFSk9A3nSHWI/Xbm4l/eb1EBxdeykScaCrIYlGQcKgjOAsADpikRPOJIZhIZm6FZIQlJtrElDMhfH8K/yftso1qdvWmXGwUlnFkwQkogDOAQB00wDVoghYgIAaP4Bm8WIn1ZL1ab4vWjLWcOQY/YL1/AU6YkHo=</latexit>

x1  1
<latexit sha1_base64="+QGRhdz21fGfSFAWIsyfy/EP5oA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8iFn1Fip0xhzERJvUK64VXcBsk68nFQgR3NQ/uqHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7I5dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSbtW9W6q1w+1Sv0ij6MIZ3AOV+DBLdThHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBnEY7e</latexit>

Child 1

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="ALQJ4aIBl4M/Iw/7HrH4EqJS9tw=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7Q7jDdqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUh3kHY=</latexit>

x2 � 1
<latexit sha1_base64="5NNsJ4BdXu/so0lrAJPio/deJlw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4Kkkp6rHQi8cK9gPaUDababt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkMfc7T6g0j+WjmSboR3Qk+ZAzaqzUaYy5CEltUCq7FXcBsk68nJQhR3NQ+uqHMUsjlIYJqnXPcxPjZ1QZzgTOiv1UY0LZhI6wZ6mkEWo/W5w7I1dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbta8W4qtYdquX6Zx1GAc7iAa/DgFupwD01oAYMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBrnY7h</latexit>

Child 4

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

<latexit sha1_base64="9kvNlg/aYSFYQul+7POgCMKXJ6E=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzGI0HIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZLznl5jnxbeZih2sl9tLshiQWVhnCsdavoRMZLsDKMcDrKtmNNI0wGuEdbKZVYUO0lk4NH6DBVuigIVVrSoIk6P5FgofVQ+GmnwKavf3tj8S+vFZug7CVMRrGhkkwXBTFHJkTj71GXKUoMH6YEE8XSWxHpY4WJSTPKzofwP6m7dvHUPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLTWo8K</latexit>

z⇤ = 5.2

<latexit sha1_base64="JPsYvNrOve4onhZP2CxocpYAn/8=">AAACiHicbVFdT9swFHWysbGwjw4e92KtAk3bFCVVy8cDEmIP8MgmCkhNVTnOTWrh2JE/xiorv4X/xBv/Zm4p0qC7sqWjc8+59/o6bzjTJknug/DFy7VXr9ffRBtv373/0Pm4eaGlVRSGVHKprnKigTMBQ8MMh6tGAalzDpf59Y95/vI3KM2kODezBsY1qQQrGSXGU5PObVZA6b2LSq4Eopm3Kiha9+vkuHW9weD7bt+fNspyqJ hwhLNKfG1xlBn4Y9wUrIqxbRpQOJdWFC3eOcT7OMseFRWXOeGYy5snEpet9sSDuOcbgSge20w63SROFoFXQboEXbSMs0nnLisktTUIQznRepQmjRk7ogyjHHxxq6Eh9JpUMPJQkBr02C1GafG2ZwpcSuWvMHjB/utwpNZ6VudeWRMz1c9zc/J/uZE15f7YMdFYA4I+NCotx0bi+a/ggimghs88IFQxPyumU6IINf7vIr+E9PmTV8FFL0534/7PXvcIL9exjj6hz+gLStEeOkKn6AwNEQ3Wgm9BPxiEUZiEe+HBgzQMlp4t9CTC47/SocLi</latexit>

heur. upper bound = 8

global lower bound = 5.2

<latexit sha1_base64="MS0sqvwzuvUC0xAdyvWRyy6CzyY=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxkQQD8NMcEkOQsCLxwhmgWQMPZ2epElPz9DdI8QhH+HFgyJe/R5v/o2dRYiiDwoe71VRVc+POVPacT6tzNLyyupadj23sbm1vZPf3WuoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eTfzmPZWKReJWj2LqhbgvWMAI1kZqFh/uTi4rxW6+4NrOFMixS2dOpbxAvq0CzFHr5j86vYgkIRWacKxU23Vi7aVYakY4Hec6iaIxJkPcp21DBQ6p8tLpuWN0ZJQeCiJpSmg0VRcnUhwqNQp90xliPVC/vYn4l9dOdFD2UibiRFNBZouChCMdocnvqMckJZqPDMFEMnMrIgMsMdEmodxiCP+TRsl2z+3Tm1KhWpzHkYUDOIRjcOECqnANNagDgSE8wjO8WLH1ZL1ab7PWjDWf2YcfsN6/APo/jpo=</latexit>

z⇤ = 9 <latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.
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Branch and Bound Algorithm

IPs can be solved with branch and bound (B&B):
<latexit sha1_base64="zgv9EUFlFPUzfHSqxtqGF3FhqqM=">AAAB63icbVDLSgNBEJyNrxhfUY9eBqPgKewGUY8BLx6jmAckS5idzCZD5rHM9Aoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3md9+YsZyrR5hkrBQkqHiMacEMulBa+iXK37VnwOvkiAnFZSj0S9/9QaappIpoIJY2w38BMIpMcCpYLNSL7UsIXRMhqzrqCKS2XA6v3WGz50ywLE2rhTgufp7YkqktRMZuU5JYGSXvUz8z+umEN+EU66SFJiii0VxKjBonD2OB9wwCmLiCKGGu1sxHRFDKLh4Si6EYPnlVdKqVYOr6uV9rVI/y+MoohN0ii5QgK5RHd2hBmoiikboGb2iN096L96797FoLXj5zDH6A+/zBxdTji8=</latexit>

Root
<latexit sha1_base64="7IyuCEEPfqzQMoh6Mhd3IR5znGo=">AAAB83icdVDLSgMxFM3UV62vqks3oa3gapi0tdVdwY3LCvYBnaFk0kwbmsmMSUYsQ3/DjQtF3Poz7vwb04dQRQ9cOJxzL/fe48ecKe04n1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69mfueeSsUicasnMfVCPBQsYARrI7mlhz6CLqd3EJX6+aJjo/J59dKBK6RWraBKHSLbmaMIlmj28x/uICJJSIUmHCvVQ06svRRLzQin05ybKBpjMsZD2jNU4JAqL53fPIWnRhnAIJKmhIZzdXUixaFSk9A3nSHWI/Xbm4l/eb1EBxdeykScaCrIYlGQcKgjOAsADpikRPOJIZhIZm6FZIQlJtrElDMhfH8K/yftso1qdvWmXGwUlnFkwQkogDOAQB00wDVoghYgIAaP4Bm8WIn1ZL1ab4vWjLWcOQY/YL1/AU6YkHo=</latexit>

x1  1
<latexit sha1_base64="+QGRhdz21fGfSFAWIsyfy/EP5oA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8iFn1Fip0xhzERJvUK64VXcBsk68nFQgR3NQ/uqHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7I5dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSbtW9W6q1w+1Sv0ij6MIZ3AOV+DBLdThHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBnEY7e</latexit>

Child 1

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="ALQJ4aIBl4M/Iw/7HrH4EqJS9tw=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7Q7jDdqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUh3kHY=</latexit>

x2 � 1
<latexit sha1_base64="5NNsJ4BdXu/so0lrAJPio/deJlw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4Kkkp6rHQi8cK9gPaUDababt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkMfc7T6g0j+WjmSboR3Qk+ZAzaqzUaYy5CEltUCq7FXcBsk68nJQhR3NQ+uqHMUsjlIYJqnXPcxPjZ1QZzgTOiv1UY0LZhI6wZ6mkEWo/W5w7I1dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbta8W4qtYdquX6Zx1GAc7iAa/DgFupwD01oAYMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBrnY7h</latexit>

Child 4

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

<latexit sha1_base64="9kvNlg/aYSFYQul+7POgCMKXJ6E=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzGI0HIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZLznl5jnxbeZih2sl9tLshiQWVhnCsdavoRMZLsDKMcDrKtmNNI0wGuEdbKZVYUO0lk4NH6DBVuigIVVrSoIk6P5FgofVQ+GmnwKavf3tj8S+vFZug7CVMRrGhkkwXBTFHJkTj71GXKUoMH6YEE8XSWxHpY4WJSTPKzofwP6m7dvHUPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLTWo8K</latexit>

z⇤ = 5.2

<latexit sha1_base64="JPsYvNrOve4onhZP2CxocpYAn/8=">AAACiHicbVFdT9swFHWysbGwjw4e92KtAk3bFCVVy8cDEmIP8MgmCkhNVTnOTWrh2JE/xiorv4X/xBv/Zm4p0qC7sqWjc8+59/o6bzjTJknug/DFy7VXr9ffRBtv373/0Pm4eaGlVRSGVHKprnKigTMBQ8MMh6tGAalzDpf59Y95/vI3KM2kODezBsY1qQQrGSXGU5PObVZA6b2LSq4Eopm3Kiha9+vkuHW9weD7bt+fNspyqJ hwhLNKfG1xlBn4Y9wUrIqxbRpQOJdWFC3eOcT7OMseFRWXOeGYy5snEpet9sSDuOcbgSge20w63SROFoFXQboEXbSMs0nnLisktTUIQznRepQmjRk7ogyjHHxxq6Eh9JpUMPJQkBr02C1GafG2ZwpcSuWvMHjB/utwpNZ6VudeWRMz1c9zc/J/uZE15f7YMdFYA4I+NCotx0bi+a/ggimghs88IFQxPyumU6IINf7vIr+E9PmTV8FFL0534/7PXvcIL9exjj6hz+gLStEeOkKn6AwNEQ3Wgm9BPxiEUZiEe+HBgzQMlp4t9CTC47/SocLi</latexit>

heur. upper bound = 8

global lower bound = 5.2

<latexit sha1_base64="MS0sqvwzuvUC0xAdyvWRyy6CzyY=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxkQQD8NMcEkOQsCLxwhmgWQMPZ2epElPz9DdI8QhH+HFgyJe/R5v/o2dRYiiDwoe71VRVc+POVPacT6tzNLyyupadj23sbm1vZPf3WuoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eTfzmPZWKReJWj2LqhbgvWMAI1kZqFh/uTi4rxW6+4NrOFMixS2dOpbxAvq0CzFHr5j86vYgkIRWacKxU23Vi7aVYakY4Hec6iaIxJkPcp21DBQ6p8tLpuWN0ZJQeCiJpSmg0VRcnUhwqNQp90xliPVC/vYn4l9dOdFD2UibiRFNBZouChCMdocnvqMckJZqPDMFEMnMrIgMsMdEmodxiCP+TRsl2z+3Tm1KhWpzHkYUDOIRjcOECqnANNagDgSE8wjO8WLH1ZL1ab7PWjDWf2YcfsN6/APo/jpo=</latexit>

z⇤ = 9 <latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="rHI0k9YB4PXp9pB+HczJ+9gB1+A=">AAAB8HicdVDJSgNBEK1xjXGLevQymAjiYZgJLslBCHjxGMEskoyhp9OTNOnuGbp7hDjkK7x4UMSrn+PNv7GzCFH0QcHjvSqq6gUxo0q77qe1sLi0vLKaWcuub2xubed2dusqSiQmNRyxSDYDpAijgtQ01Yw0Y0kQDxhpBIPLsd+4J1LRSNzoYUx8jnqChhQjbaTbwsPd8UXZKRU6ubznuBPYrlM8dculOfJt5WGGaif30e5GOOFEaMyQUi3PjbWfIqkpZmSUbSeKxAgPUI+0DBWIE+Wnk4NH9qFRunYYSVNC2xN1fiJFXKkhD0wnR7qvfntj8S+vleiw5KdUxIkmAk8XhQmzdWSPv7e7VBKs2dAQhCU1t9q4jyTC2mSUnQ/hf1IvOt6Zc3JdzFcKszgysA8HcAQenEMFrqAKNcDA4RGe4cWS1pP1ar1NWxes2cwe/ID1/gXilI8U</latexit>

z⇤ = 9.8
<latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.
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Branch and Bound Algorithm

IPs can be solved with branch and bound (B&B):
<latexit sha1_base64="zgv9EUFlFPUzfHSqxtqGF3FhqqM=">AAAB63icbVDLSgNBEJyNrxhfUY9eBqPgKewGUY8BLx6jmAckS5idzCZD5rHM9Aoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3md9+YsZyrR5hkrBQkqHiMacEMulBa+iXK37VnwOvkiAnFZSj0S9/9QaappIpoIJY2w38BMIpMcCpYLNSL7UsIXRMhqzrqCKS2XA6v3WGz50ywLE2rhTgufp7YkqktRMZuU5JYGSXvUz8z+umEN+EU66SFJiii0VxKjBonD2OB9wwCmLiCKGGu1sxHRFDKLh4Si6EYPnlVdKqVYOr6uV9rVI/y+MoohN0ii5QgK5RHd2hBmoiikboGb2iN096L96797FoLXj5zDH6A+/zBxdTji8=</latexit>

Root
<latexit sha1_base64="7IyuCEEPfqzQMoh6Mhd3IR5znGo=">AAAB83icdVDLSgMxFM3UV62vqks3oa3gapi0tdVdwY3LCvYBnaFk0kwbmsmMSUYsQ3/DjQtF3Poz7vwb04dQRQ9cOJxzL/fe48ecKe04n1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69mfueeSsUicasnMfVCPBQsYARrI7mlhz6CLqd3EJX6+aJjo/J59dKBK6RWraBKHSLbmaMIlmj28x/uICJJSIUmHCvVQ06svRRLzQin05ybKBpjMsZD2jNU4JAqL53fPIWnRhnAIJKmhIZzdXUixaFSk9A3nSHWI/Xbm4l/eb1EBxdeykScaCrIYlGQcKgjOAsADpikRPOJIZhIZm6FZIQlJtrElDMhfH8K/yftso1qdvWmXGwUlnFkwQkogDOAQB00wDVoghYgIAaP4Bm8WIn1ZL1ab4vWjLWcOQY/YL1/AU6YkHo=</latexit>

x1  1
<latexit sha1_base64="+QGRhdz21fGfSFAWIsyfy/EP5oA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8iFn1Fip0xhzERJvUK64VXcBsk68nFQgR3NQ/uqHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7I5dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSbtW9W6q1w+1Sv0ij6MIZ3AOV+DBLdThHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBnEY7e</latexit>

Child 1

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="ALQJ4aIBl4M/Iw/7HrH4EqJS9tw=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7Q7jDdqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUh3kHY=</latexit>

x2 � 1
<latexit sha1_base64="5NNsJ4BdXu/so0lrAJPio/deJlw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4Kkkp6rHQi8cK9gPaUDababt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkMfc7T6g0j+WjmSboR3Qk+ZAzaqzUaYy5CEltUCq7FXcBsk68nJQhR3NQ+uqHMUsjlIYJqnXPcxPjZ1QZzgTOiv1UY0LZhI6wZ6mkEWo/W5w7I1dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbta8W4qtYdquX6Zx1GAc7iAa/DgFupwD01oAYMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBrnY7h</latexit>

Child 4

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

<latexit sha1_base64="9kvNlg/aYSFYQul+7POgCMKXJ6E=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzGI0HIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZLznl5jnxbeZih2sl9tLshiQWVhnCsdavoRMZLsDKMcDrKtmNNI0wGuEdbKZVYUO0lk4NH6DBVuigIVVrSoIk6P5FgofVQ+GmnwKavf3tj8S+vFZug7CVMRrGhkkwXBTFHJkTj71GXKUoMH6YEE8XSWxHpY4WJSTPKzofwP6m7dvHUPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLTWo8K</latexit>

z⇤ = 5.2

<latexit sha1_base64="JPsYvNrOve4onhZP2CxocpYAn/8=">AAACiHicbVFdT9swFHWysbGwjw4e92KtAk3bFCVVy8cDEmIP8MgmCkhNVTnOTWrh2JE/xiorv4X/xBv/Zm4p0qC7sqWjc8+59/o6bzjTJknug/DFy7VXr9ffRBtv373/0Pm4eaGlVRSGVHKprnKigTMBQ8MMh6tGAalzDpf59Y95/vI3KM2kODezBsY1qQQrGSXGU5PObVZA6b2LSq4Eopm3Kiha9+vkuHW9weD7bt+fNspyqJ hwhLNKfG1xlBn4Y9wUrIqxbRpQOJdWFC3eOcT7OMseFRWXOeGYy5snEpet9sSDuOcbgSge20w63SROFoFXQboEXbSMs0nnLisktTUIQznRepQmjRk7ogyjHHxxq6Eh9JpUMPJQkBr02C1GafG2ZwpcSuWvMHjB/utwpNZ6VudeWRMz1c9zc/J/uZE15f7YMdFYA4I+NCotx0bi+a/ggimghs88IFQxPyumU6IINf7vIr+E9PmTV8FFL0534/7PXvcIL9exjj6hz+gLStEeOkKn6AwNEQ3Wgm9BPxiEUZiEe+HBgzQMlp4t9CTC47/SocLi</latexit>

heur. upper bound = 8

global lower bound = 5.2

<latexit sha1_base64="MS0sqvwzuvUC0xAdyvWRyy6CzyY=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxkQQD8NMcEkOQsCLxwhmgWQMPZ2epElPz9DdI8QhH+HFgyJe/R5v/o2dRYiiDwoe71VRVc+POVPacT6tzNLyyupadj23sbm1vZPf3WuoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eTfzmPZWKReJWj2LqhbgvWMAI1kZqFh/uTi4rxW6+4NrOFMixS2dOpbxAvq0CzFHr5j86vYgkIRWacKxU23Vi7aVYakY4Hec6iaIxJkPcp21DBQ6p8tLpuWN0ZJQeCiJpSmg0VRcnUhwqNQp90xliPVC/vYn4l9dOdFD2UibiRFNBZouChCMdocnvqMckJZqPDMFEMnMrIgMsMdEmodxiCP+TRsl2z+3Tm1KhWpzHkYUDOIRjcOECqnANNagDgSE8wjO8WLH1ZL1ab7PWjDWf2YcfsN6/APo/jpo=</latexit>

z⇤ = 9 <latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="rHI0k9YB4PXp9pB+HczJ+9gB1+A=">AAAB8HicdVDJSgNBEK1xjXGLevQymAjiYZgJLslBCHjxGMEskoyhp9OTNOnuGbp7hDjkK7x4UMSrn+PNv7GzCFH0QcHjvSqq6gUxo0q77qe1sLi0vLKaWcuub2xubed2dusqSiQmNRyxSDYDpAijgtQ01Yw0Y0kQDxhpBIPLsd+4J1LRSNzoYUx8jnqChhQjbaTbwsPd8UXZKRU6ubznuBPYrlM8dculOfJt5WGGaif30e5GOOFEaMyQUi3PjbWfIqkpZmSUbSeKxAgPUI+0DBWIE+Wnk4NH9qFRunYYSVNC2xN1fiJFXKkhD0wnR7qvfntj8S+vleiw5KdUxIkmAk8XhQmzdWSPv7e7VBKs2dAQhCU1t9q4jyTC2mSUnQ/hf1IvOt6Zc3JdzFcKszgysA8HcAQenEMFrqAKNcDA4RGe4cWS1pP1ar1NWxes2cwe/ID1/gXilI8U</latexit>

z⇤ = 9.8
<latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.

2 / 13



Branch and Bound Algorithm

IPs can be solved with branch and bound (B&B):
<latexit sha1_base64="zgv9EUFlFPUzfHSqxtqGF3FhqqM=">AAAB63icbVDLSgNBEJyNrxhfUY9eBqPgKewGUY8BLx6jmAckS5idzCZD5rHM9Aoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3md9+YsZyrR5hkrBQkqHiMacEMulBa+iXK37VnwOvkiAnFZSj0S9/9QaappIpoIJY2w38BMIpMcCpYLNSL7UsIXRMhqzrqCKS2XA6v3WGz50ywLE2rhTgufp7YkqktRMZuU5JYGSXvUz8z+umEN+EU66SFJiii0VxKjBonD2OB9wwCmLiCKGGu1sxHRFDKLh4Si6EYPnlVdKqVYOr6uV9rVI/y+MoohN0ii5QgK5RHd2hBmoiikboGb2iN096L96797FoLXj5zDH6A+/zBxdTji8=</latexit>

Root
<latexit sha1_base64="7IyuCEEPfqzQMoh6Mhd3IR5znGo=">AAAB83icdVDLSgMxFM3UV62vqks3oa3gapi0tdVdwY3LCvYBnaFk0kwbmsmMSUYsQ3/DjQtF3Poz7vwb04dQRQ9cOJxzL/fe48ecKe04n1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69mfueeSsUicasnMfVCPBQsYARrI7mlhz6CLqd3EJX6+aJjo/J59dKBK6RWraBKHSLbmaMIlmj28x/uICJJSIUmHCvVQ06svRRLzQin05ybKBpjMsZD2jNU4JAqL53fPIWnRhnAIJKmhIZzdXUixaFSk9A3nSHWI/Xbm4l/eb1EBxdeykScaCrIYlGQcKgjOAsADpikRPOJIZhIZm6FZIQlJtrElDMhfH8K/yftso1qdvWmXGwUlnFkwQkogDOAQB00wDVoghYgIAaP4Bm8WIn1ZL1ab4vWjLWcOQY/YL1/AU6YkHo=</latexit>

x1  1
<latexit sha1_base64="+QGRhdz21fGfSFAWIsyfy/EP5oA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8iFn1Fip0xhzERJvUK64VXcBsk68nFQgR3NQ/uqHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7I5dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSbtW9W6q1w+1Sv0ij6MIZ3AOV+DBLdThHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBnEY7e</latexit>

Child 1

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="ALQJ4aIBl4M/Iw/7HrH4EqJS9tw=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7Q7jDdqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUh3kHY=</latexit>

x2 � 1
<latexit sha1_base64="5NNsJ4BdXu/so0lrAJPio/deJlw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4Kkkp6rHQi8cK9gPaUDababt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkMfc7T6g0j+WjmSboR3Qk+ZAzaqzUaYy5CEltUCq7FXcBsk68nJQhR3NQ+uqHMUsjlIYJqnXPcxPjZ1QZzgTOiv1UY0LZhI6wZ6mkEWo/W5w7I1dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbta8W4qtYdquX6Zx1GAc7iAa/DgFupwD01oAYMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBrnY7h</latexit>

Child 4

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

<latexit sha1_base64="9kvNlg/aYSFYQul+7POgCMKXJ6E=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzGI0HIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZLznl5jnxbeZih2sl9tLshiQWVhnCsdavoRMZLsDKMcDrKtmNNI0wGuEdbKZVYUO0lk4NH6DBVuigIVVrSoIk6P5FgofVQ+GmnwKavf3tj8S+vFZug7CVMRrGhkkwXBTFHJkTj71GXKUoMH6YEE8XSWxHpY4WJSTPKzofwP6m7dvHUPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLTWo8K</latexit>

z⇤ = 5.2

<latexit sha1_base64="JPsYvNrOve4onhZP2CxocpYAn/8=">AAACiHicbVFdT9swFHWysbGwjw4e92KtAk3bFCVVy8cDEmIP8MgmCkhNVTnOTWrh2JE/xiorv4X/xBv/Zm4p0qC7sqWjc8+59/o6bzjTJknug/DFy7VXr9ffRBtv373/0Pm4eaGlVRSGVHKprnKigTMBQ8MMh6tGAalzDpf59Y95/vI3KM2kODezBsY1qQQrGSXGU5PObVZA6b2LSq4Eopm3Kiha9+vkuHW9weD7bt+fNspyqJ hwhLNKfG1xlBn4Y9wUrIqxbRpQOJdWFC3eOcT7OMseFRWXOeGYy5snEpet9sSDuOcbgSge20w63SROFoFXQboEXbSMs0nnLisktTUIQznRepQmjRk7ogyjHHxxq6Eh9JpUMPJQkBr02C1GafG2ZwpcSuWvMHjB/utwpNZ6VudeWRMz1c9zc/J/uZE15f7YMdFYA4I+NCotx0bi+a/ggimghs88IFQxPyumU6IINf7vIr+E9PmTV8FFL0534/7PXvcIL9exjj6hz+gLStEeOkKn6AwNEQ3Wgm9BPxiEUZiEe+HBgzQMlp4t9CTC47/SocLi</latexit>

heur. upper bound = 8

global lower bound = 5.2

<latexit sha1_base64="MS0sqvwzuvUC0xAdyvWRyy6CzyY=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxkQQD8NMcEkOQsCLxwhmgWQMPZ2epElPz9DdI8QhH+HFgyJe/R5v/o2dRYiiDwoe71VRVc+POVPacT6tzNLyyupadj23sbm1vZPf3WuoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eTfzmPZWKReJWj2LqhbgvWMAI1kZqFh/uTi4rxW6+4NrOFMixS2dOpbxAvq0CzFHr5j86vYgkIRWacKxU23Vi7aVYakY4Hec6iaIxJkPcp21DBQ6p8tLpuWN0ZJQeCiJpSmg0VRcnUhwqNQp90xliPVC/vYn4l9dOdFD2UibiRFNBZouChCMdocnvqMckJZqPDMFEMnMrIgMsMdEmodxiCP+TRsl2z+3Tm1KhWpzHkYUDOIRjcOECqnANNagDgSE8wjO8WLH1ZL1ab7PWjDWf2YcfsN6/APo/jpo=</latexit>

z⇤ = 9 <latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="rHI0k9YB4PXp9pB+HczJ+9gB1+A=">AAAB8HicdVDJSgNBEK1xjXGLevQymAjiYZgJLslBCHjxGMEskoyhp9OTNOnuGbp7hDjkK7x4UMSrn+PNv7GzCFH0QcHjvSqq6gUxo0q77qe1sLi0vLKaWcuub2xubed2dusqSiQmNRyxSDYDpAijgtQ01Yw0Y0kQDxhpBIPLsd+4J1LRSNzoYUx8jnqChhQjbaTbwsPd8UXZKRU6ubznuBPYrlM8dculOfJt5WGGaif30e5GOOFEaMyQUi3PjbWfIqkpZmSUbSeKxAgPUI+0DBWIE+Wnk4NH9qFRunYYSVNC2xN1fiJFXKkhD0wnR7qvfntj8S+vleiw5KdUxIkmAk8XhQmzdWSPv7e7VBKs2dAQhCU1t9q4jyTC2mSUnQ/hf1IvOt6Zc3JdzFcKszgysA8HcAQenEMFrqAKNcDA4RGe4cWS1pP1ar1NWxes2cwe/ID1/gXilI8U</latexit>

z⇤ = 9.8
<latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="zgv9EUFlFPUzfHSqxtqGF3FhqqM=">AAAB63icbVDLSgNBEJyNrxhfUY9eBqPgKewGUY8BLx6jmAckS5idzCZD5rHM9Aoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3md9+YsZyrR5hkrBQkqHiMacEMulBa+iXK37VnwOvkiAnFZSj0S9/9QaappIpoIJY2w38BMIpMcCpYLNSL7UsIXRMhqzrqCKS2XA6v3WGz50ywLE2rhTgufp7YkqktRMZuU5JYGSXvUz8z+umEN+EU66SFJiii0VxKjBonD2OB9wwCmLiCKGGu1sxHRFDKLh4Si6EYPnlVdKqVYOr6uV9rVI/y+MoohN0ii5QgK5RHd2hBmoiikboGb2iN096L96797FoLXj5zDH6A+/zBxdTji8=</latexit>

Root

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

<latexit sha1_base64="9kvNlg/aYSFYQul+7POgCMKXJ6E=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzGI0HIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZLznl5jnxbeZih2sl9tLshiQWVhnCsdavoRMZLsDKMcDrKtmNNI0wGuEdbKZVYUO0lk4NH6DBVuigIVVrSoIk6P5FgofVQ+GmnwKavf3tj8S+vFZug7CVMRrGhkkwXBTFHJkTj71GXKUoMH6YEE8XSWxHpY4WJSTPKzofwP6m7dvHUPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLTWo8K</latexit>

z⇤ = 5.2

<latexit sha1_base64="JPsYvNrOve4onhZP2CxocpYAn/8=">AAACiHicbVFdT9swFHWysbGwjw4e92KtAk3bFCVVy8cDEmIP8MgmCkhNVTnOTWrh2JE/xiorv4X/xBv/Zm4p0qC7sqWjc8+59/o6bzjTJknug/DFy7VXr9ffRBtv373/0Pm4eaGlVRSGVHKprnKigTMBQ8MMh6tGAalzDpf59Y95/vI3KM2kODezBsY1qQQrGSXGU5PObVZA6b2LSq4Eopm3Kiha9+vkuHW9weD7bt+fNspyqJ hwhLNKfG1xlBn4Y9wUrIqxbRpQOJdWFC3eOcT7OMseFRWXOeGYy5snEpet9sSDuOcbgSge20w63SROFoFXQboEXbSMs0nnLisktTUIQznRepQmjRk7ogyjHHxxq6Eh9JpUMPJQkBr02C1GafG2ZwpcSuWvMHjB/utwpNZ6VudeWRMz1c9zc/J/uZE15f7YMdFYA4I+NCotx0bi+a/ggimghs88IFQxPyumU6IINf7vIr+E9PmTV8FFL0534/7PXvcIL9exjj6hz+gLStEeOkKn6AwNEQ3Wgm9BPxiEUZiEe+HBgzQMlp4t9CTC47/SocLi</latexit>

heur. upper bound = 8

global lower bound = 5.2

<latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="TpPvgakrjIwhQns4vIX/vbq0Abs="></latexit>

Child 1
<latexit sha1_base64="ekHLKwE1JxqSWRGbOTQCVXuO4us="></latexit>

z⇤ = 9

<latexit sha1_base64="d73MGsvNOmtQOSVE4X/mwqknLtg="></latexit>

z⇤ = 9.8

<latexit sha1_base64="+OB6l2TnnW3wW6ZUHWDUH8/Libk="></latexit>

Child 4

<latexit sha1_base64="suO2I5KvFlrV35Kcndsah+Zv3CI="></latexit>

x2 � 1

<latexit sha1_base64="mgRlxvSfPC8Sc/bc0XaE7ufhhZ0="></latexit>

x1  1

❌❌

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.
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Branch and Bound Algorithm

IPs can be solved with branch and bound (B&B):
<latexit sha1_base64="zgv9EUFlFPUzfHSqxtqGF3FhqqM=">AAAB63icbVDLSgNBEJyNrxhfUY9eBqPgKewGUY8BLx6jmAckS5idzCZD5rHM9Aoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3md9+YsZyrR5hkrBQkqHiMacEMulBa+iXK37VnwOvkiAnFZSj0S9/9QaappIpoIJY2w38BMIpMcCpYLNSL7UsIXRMhqzrqCKS2XA6v3WGz50ywLE2rhTgufp7YkqktRMZuU5JYGSXvUz8z+umEN+EU66SFJiii0VxKjBonD2OB9wwCmLiCKGGu1sxHRFDKLh4Si6EYPnlVdKqVYOr6uV9rVI/y+MoohN0ii5QgK5RHd2hBmoiikboGb2iN096L96797FoLXj5zDH6A+/zBxdTji8=</latexit>

Root
<latexit sha1_base64="7IyuCEEPfqzQMoh6Mhd3IR5znGo=">AAAB83icdVDLSgMxFM3UV62vqks3oa3gapi0tdVdwY3LCvYBnaFk0kwbmsmMSUYsQ3/DjQtF3Poz7vwb04dQRQ9cOJxzL/fe48ecKe04n1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69mfueeSsUicasnMfVCPBQsYARrI7mlhz6CLqd3EJX6+aJjo/J59dKBK6RWraBKHSLbmaMIlmj28x/uICJJSIUmHCvVQ06svRRLzQin05ybKBpjMsZD2jNU4JAqL53fPIWnRhnAIJKmhIZzdXUixaFSk9A3nSHWI/Xbm4l/eb1EBxdeykScaCrIYlGQcKgjOAsADpikRPOJIZhIZm6FZIQlJtrElDMhfH8K/yftso1qdvWmXGwUlnFkwQkogDOAQB00wDVoghYgIAaP4Bm8WIn1ZL1ab4vWjLWcOQY/YL1/AU6YkHo=</latexit>

x1  1
<latexit sha1_base64="+QGRhdz21fGfSFAWIsyfy/EP5oA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8iFn1Fip0xhzERJvUK64VXcBsk68nFQgR3NQ/uqHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w7I5dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSbtW9W6q1w+1Sv0ij6MIZ3AOV+DBLdThHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBnEY7e</latexit>

Child 1

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="ALQJ4aIBl4M/Iw/7HrH4EqJS9tw=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7Q7jDdqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUh3kHY=</latexit>

x2 � 1
<latexit sha1_base64="5NNsJ4BdXu/so0lrAJPio/deJlw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4Kkkp6rHQi8cK9gPaUDababt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkMfc7T6g0j+WjmSboR3Qk+ZAzaqzUaYy5CEltUCq7FXcBsk68nJQhR3NQ+uqHMUsjlIYJqnXPcxPjZ1QZzgTOiv1UY0LZhI6wZ6mkEWo/W5w7I1dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbta8W4qtYdquX6Zx1GAc7iAa/DgFupwD01oAYMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBrnY7h</latexit>

Child 4

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

<latexit sha1_base64="9kvNlg/aYSFYQul+7POgCMKXJ6E=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzGI0HIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZLznl5jnxbeZih2sl9tLshiQWVhnCsdavoRMZLsDKMcDrKtmNNI0wGuEdbKZVYUO0lk4NH6DBVuigIVVrSoIk6P5FgofVQ+GmnwKavf3tj8S+vFZug7CVMRrGhkkwXBTFHJkTj71GXKUoMH6YEE8XSWxHpY4WJSTPKzofwP6m7dvHUPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLTWo8K</latexit>

z⇤ = 5.2

<latexit sha1_base64="JPsYvNrOve4onhZP2CxocpYAn/8=">AAACiHicbVFdT9swFHWysbGwjw4e92KtAk3bFCVVy8cDEmIP8MgmCkhNVTnOTWrh2JE/xiorv4X/xBv/Zm4p0qC7sqWjc8+59/o6bzjTJknug/DFy7VXr9ffRBtv373/0Pm4eaGlVRSGVHKprnKigTMBQ8MMh6tGAalzDpf59Y95/vI3KM2kODezBsY1qQQrGSXGU5PObVZA6b2LSq4Eopm3Kiha9+vkuHW9weD7bt+fNspyqJ hwhLNKfG1xlBn4Y9wUrIqxbRpQOJdWFC3eOcT7OMseFRWXOeGYy5snEpet9sSDuOcbgSge20w63SROFoFXQboEXbSMs0nnLisktTUIQznRepQmjRk7ogyjHHxxq6Eh9JpUMPJQkBr02C1GafG2ZwpcSuWvMHjB/utwpNZ6VudeWRMz1c9zc/J/uZE15f7YMdFYA4I+NCotx0bi+a/ggimghs88IFQxPyumU6IINf7vIr+E9PmTV8FFL0534/7PXvcIL9exjj6hz+gLStEeOkKn6AwNEQ3Wgm9BPxiEUZiEe+HBgzQMlp4t9CTC47/SocLi</latexit>

heur. upper bound = 8

global lower bound = 5.2

<latexit sha1_base64="MS0sqvwzuvUC0xAdyvWRyy6CzyY=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxkQQD8NMcEkOQsCLxwhmgWQMPZ2epElPz9DdI8QhH+HFgyJe/R5v/o2dRYiiDwoe71VRVc+POVPacT6tzNLyyupadj23sbm1vZPf3WuoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eTfzmPZWKReJWj2LqhbgvWMAI1kZqFh/uTi4rxW6+4NrOFMixS2dOpbxAvq0CzFHr5j86vYgkIRWacKxU23Vi7aVYakY4Hec6iaIxJkPcp21DBQ6p8tLpuWN0ZJQeCiJpSmg0VRcnUhwqNQp90xliPVC/vYn4l9dOdFD2UibiRFNBZouChCMdocnvqMckJZqPDMFEMnMrIgMsMdEmodxiCP+TRsl2z+3Tm1KhWpzHkYUDOIRjcOECqnANNagDgSE8wjO8WLH1ZL1ab7PWjDWf2YcfsN6/APo/jpo=</latexit>

z⇤ = 9 <latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="rHI0k9YB4PXp9pB+HczJ+9gB1+A=">AAAB8HicdVDJSgNBEK1xjXGLevQymAjiYZgJLslBCHjxGMEskoyhp9OTNOnuGbp7hDjkK7x4UMSrn+PNv7GzCFH0QcHjvSqq6gUxo0q77qe1sLi0vLKaWcuub2xubed2dusqSiQmNRyxSDYDpAijgtQ01Yw0Y0kQDxhpBIPLsd+4J1LRSNzoYUx8jnqChhQjbaTbwsPd8UXZKRU6ubznuBPYrlM8dculOfJt5WGGaif30e5GOOFEaMyQUi3PjbWfIqkpZmSUbSeKxAgPUI+0DBWIE+Wnk4NH9qFRunYYSVNC2xN1fiJFXKkhD0wnR7qvfntj8S+vleiw5KdUxIkmAk8XhQmzdWSPv7e7VBKs2dAQhCU1t9q4jyTC2mSUnQ/hf1IvOt6Zc3JdzFcKszgysA8HcAQenEMFrqAKNcDA4RGe4cWS1pP1ar1NWxes2cwe/ID1/gXilI8U</latexit>

z⇤ = 9.8
<latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="zgv9EUFlFPUzfHSqxtqGF3FhqqM=">AAAB63icbVDLSgNBEJyNrxhfUY9eBqPgKewGUY8BLx6jmAckS5idzCZD5rHM9Aoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3md9+YsZyrR5hkrBQkqHiMacEMulBa+iXK37VnwOvkiAnFZSj0S9/9QaappIpoIJY2w38BMIpMcCpYLNSL7UsIXRMhqzrqCKS2XA6v3WGz50ywLE2rhTgufp7YkqktRMZuU5JYGSXvUz8z+umEN+EU66SFJiii0VxKjBonD2OB9wwCmLiCKGGu1sxHRFDKLh4Si6EYPnlVdKqVYOr6uV9rVI/y+MoohN0ii5QgK5RHd2hBmoiikboGb2iN096L96797FoLXj5zDH6A+/zBxdTji8=</latexit>

Root

<latexit sha1_base64="+lQYDE+9Va+tXYSDZE2jxAQui+4=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHvo2dIdzhcqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUhwkHY=</latexit>

x1 � 2
<latexit sha1_base64="+68XFjnRv8uTB66B1WjHl1lMu7Q=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKqMdCLx4r2A9oQ9lstu3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlBgKRtFKncZYyJDUBuWKW3UXIOvEy0kFcjQH5a9+GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsilVUIyjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10txeOdnQiUpcsWWi4apJBiT+e8kFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk3at6t1Urx9qlfpFHkcRzuAcrsCDW6jDPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBolY7f</latexit>

Child 2

<latexit sha1_base64="Z4bXnAJgeeduNaPZL4BOES472Es=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfhk7HO6wVerni5Zpl8+rlxZeIbVqxa7UsW1acxTREs1+/sMZRDQJIFSUEyl7thUrNyVCMcphmnMSCTGhYzKEnqYhCUC66fzmKT7VygD7kdAVKjxXVydSEkg5CTzdGRA1kr+9mfiX10uUf+GmLIwTBSFdLPITjlWEZwHgARNAFZ9oQqhg+lZMR0QQqnRMOR3C96f4f9Ium3bNrN6Ui43CMo4sOkEFdIZsVEcNdI2aqIUoitEjekYvRmI8Ga/G26I1YyxnjtEPGO9fTp+Qeg==</latexit>

x2  0
<latexit sha1_base64="rTbvIBon81AIdot9i0K5K3Wx4CQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkkV9VjoxWMF+wFtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSBX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4q1w/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBqGY7g</latexit>

Child 3

<latexit sha1_base64="9kvNlg/aYSFYQul+7POgCMKXJ6E=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzGI0HIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZLznl5jnxbeZih2sl9tLshiQWVhnCsdavoRMZLsDKMcDrKtmNNI0wGuEdbKZVYUO0lk4NH6DBVuigIVVrSoIk6P5FgofVQ+GmnwKavf3tj8S+vFZug7CVMRrGhkkwXBTFHJkTj71GXKUoMH6YEE8XSWxHpY4WJSTPKzofwP6m7dvHUPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLTWo8K</latexit>

z⇤ = 5.2

<latexit sha1_base64="JPsYvNrOve4onhZP2CxocpYAn/8=">AAACiHicbVFdT9swFHWysbGwjw4e92KtAk3bFCVVy8cDEmIP8MgmCkhNVTnOTWrh2JE/xiorv4X/xBv/Zm4p0qC7sqWjc8+59/o6bzjTJknug/DFy7VXr9ffRBtv373/0Pm4eaGlVRSGVHKprnKigTMBQ8MMh6tGAalzDpf59Y95/vI3KM2kODezBsY1qQQrGSXGU5PObVZA6b2LSq4Eopm3Kiha9+vkuHW9weD7bt+fNspyqJ hwhLNKfG1xlBn4Y9wUrIqxbRpQOJdWFC3eOcT7OMseFRWXOeGYy5snEpet9sSDuOcbgSge20w63SROFoFXQboEXbSMs0nnLisktTUIQznRepQmjRk7ogyjHHxxq6Eh9JpUMPJQkBr02C1GafG2ZwpcSuWvMHjB/utwpNZ6VudeWRMz1c9zc/J/uZE15f7YMdFYA4I+NCotx0bi+a/ggimghs88IFQxPyumU6IINf7vIr+E9PmTV8FFL0534/7PXvcIL9exjj6hz+gLStEeOkKn6AwNEQ3Wgm9BPxiEUZiEe+HBgzQMlp4t9CTC47/SocLi</latexit>

heur. upper bound = 8

global lower bound = 5.2

<latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="VTOv2IOQ0KDJzJuSmZZxZrfkjao=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYCKIh2WzaIwHIeDFYwTzkGQNs5PZZMjM7DIzK8QlX+HFgyJe/Rxv/o2bhxBFCxqKqm66u/yIM20c59NaWFxaXlnNrGXXNza3tnM7u3UdxorQGgl5qJo+1pQzSWuGGU6bkaJY+Jw2/MHl2G/cU6VZKG/MMKKewD3JAkawSaXbwsPd8UXJdgudXL5oOxMgx3ZPnfPyHPm28jBDtZP7aHdDEgsqDeFY61bRiYyXYGUY4XSUbceaRpgMcI+2UiqxoNpLJgeP0GGqdFEQqrSkQRN1fiLBQuuh8NNOgU1f//bG4l9eKzZB2UuYjGJDJZkuCmKOTIjG36MuU5QYPkwJJoqltyLSxwoTk2aUnQ/hf1J37WLJPrl285XCLI4M7MMBHEERzqACV1CFGhAQ8AjP8GIp68l6td6mrQvWbGYPfsB6/wLU4Y8L</latexit>

z⇤ = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="0QvqjFphVS+RWTpb5IqMApd54AI=">AAACiHicbVFdT9swFHWysbGwj7I98mJRDU3bFCVVW+ABCbGH7ZFNKyA1VeU4N6mFY0f+YKus/Jb9J974N7ilSEB3ZUtH555z7/V13nCmTZLcBOGz5xsvXm6+irZev3n7rrP9/kxLqyiMqORSXeREA2cCRoYZDheNAlLnHM7zy2+L/PkVKM2k+G3mDUxqUglWMkqMp6adf1kBpfcuK7kSiGbeqqBo3a/vJ63rDQZfh31/2ijLoW LCEc4q8bnFUWbgr3EzsCrGtmlA4VxaUbR47wgf4Cy7V1Rc5oRjLv88krhsvScexj3fCERx32ba6SZxsgy8DtIV6KJVnE4711khqa1BGMqJ1uM0aczEEWUY5eCLWw0NoZekgrGHgtSgJ245Sos/eqbApVT+CoOX7EOHI7XW8zr3ypqYmX6aW5D/y42tKQ8mjonGGhD0rlFpOTYSL34FF0wBNXzuAaGK+VkxnRFFqPF/F/klpE+fvA7OenE6jPs/e91jvFrHJtpBu+gTStE+OkY/0CkaIRpsBF+CfjAIozAJ98PDO2kYrDwf0KMIT24B1DXC4w==</latexit>

heur. upper bound = 8

global lower bound = 6.2

<latexit sha1_base64="TpPvgakrjIwhQns4vIX/vbq0Abs="></latexit>

Child 1
<latexit sha1_base64="ekHLKwE1JxqSWRGbOTQCVXuO4us="></latexit>

z⇤ = 9

<latexit sha1_base64="d73MGsvNOmtQOSVE4X/mwqknLtg="></latexit>

z⇤ = 9.8

<latexit sha1_base64="+OB6l2TnnW3wW6ZUHWDUH8/Libk="></latexit>

Child 4

<latexit sha1_base64="suO2I5KvFlrV35Kcndsah+Zv3CI="></latexit>

x2 � 1

<latexit sha1_base64="mgRlxvSfPC8Sc/bc0XaE7ufhhZ0="></latexit>

x1  1

❌❌

<latexit sha1_base64="uut52C2dtvjCMWLFptWq3d9rE0M=">AAAB83icdVDJSgNBEO2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dGqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2Z+5x6EZFF4qyYxuAEZhsxnlCgtOaWHfgU7Q7jDdqmfL1qmXT6vXlp4hdSqFbtSx7ZpzVFESzT7+Q9nENEkgFBRTqTs2Vas3JQIxSiHac5JJMSEjskQepqGJADppvObp/hUKwPsR0JXqPBcXZ1ISSDlJPB0Z0DUSP72ZuJfXi9R/oWbsjBOFIR0schPOFYRngWAB0wAVXyiCaGC6VsxHRFBqNIx5XQI35/i/0m7bNo1s3pTLjYKyziy6AQV0BmyUR010DVqohaiKEaP6Bm9GInxZLwab4vWjLGcOUY/YLx/AUoDkHc=</latexit>

x3 � 1

<latexit sha1_base64="MIkZdr+DhWvEwxv6G1OWvKE+SvA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSp4KkmR6rHQi8cK9gPaUDababt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkMfc7T6g0j+WjmSboR3Qk+ZAzaqzUaYy5CEltUCq7FXcBsk68nJQhR3NQ+uqHMUsjlIYJqnXPcxPjZ1QZzgTOiv1UY0LZhI6wZ6mkEWo/W5w7I1dWCckwVrakIQv190RGI62nUWA7I2rGetWbi/95vdQM7/yMyyQ1KNly0TAVxMRk/jsJuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbta8WqVm4dquX6Zx1GAc7iAa/DgFupwD01oAYMJPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBupY7j</latexit>

Child 6

<latexit sha1_base64="eX1sneJa+MsBwDzXyUF0Yz93X0k=">AAAB83icdVDJSgNBEK2JW4xb1KOXJongaZhJYqK3gBePEcwCmSH0dHqSJj2L3T1iGPIbXjwo4tWf8ebf2FmEKPqg4PFeFVX1vJgzqSzr08isrW9sbmW3czu7e/sH+cOjtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO1446uZ37mnQrIovFWTmLoBHobMZwQrLTmlh34FOZzeIavUzxct0y6fVy8ttEJq1YpdqSPbtOYowhLNfv7DGUQkCWioCMdS9mwrVm6KhWKE02nOSSSNMRnjIe1pGuKASjed3zxFp1oZID8SukKF5urqRIoDKSeBpzsDrEbytzcT//J6ifIv3JSFcaJoSBaL/IQjFaFZAGjABCWKTzTBRDB9KyIjLDBROqacDuH7U/Q/aZdNu2ZWb8rFRmEZRxZOoABnYEMdGnANTWgBgRge4RlejMR4Ml6Nt0VrxljOHMMPGO9fUCuQew==</latexit>

x3  0

<latexit sha1_base64="AgBKFwGbgxrLhIYftTW8LIYSh/M=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBQ8hd3g6xjIxWME84BkCbOT2WTI7Owy0yuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFqpXR8JOSDX/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+bnTsmFVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPMzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2hC85ZdXSata8W4qVw/Vcu08j6MAp3AGl+DBLdTgHhrQBAZjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gBtIY7i</latexit>

Child 5

B&B uses the LP relax. z∗ = minxw
⊺x s.t. Ax ≤ b (incl. branch

cons.) to locally lower bound the objective and prune search space.
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Branch and Cut Algorithm (B&C)

B&C tightens the lower bound by adding a cut C = (c, c0),

zC := min
x

w⊺x subject to Ax ≤ b, c⊺x ≤ c0. (2)

A cut C is an extra constraint satisfied by all feasible x of the IP...

..but not by x∗ := argminxw
⊺x s.t. Ax ≤ b (LP relaxation).
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Ax  b

<latexit sha1_base64="/m5aual3jG/+WuHpVCtBluUV1Rs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLh4xyiMBQmaHWZgwO7uZ6TUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dfiyFQdf9dnIbm1vbO/ndwt7+weFR8fikZaJEM95kkYx0x6eGS6F4EwVK3ok1p6Eveduf1Od++4lrIyL1iNOY90M6UiIQjKKVHsr18qBYcivuAmSdeBkpQYbGoPjVG0YsCblCJqkxXc+NsZ9SjYJJPiv0EsNjyiZ0xLuWKhpy008Xp87IhVWGJIi0LYVkof6eSGlozDT0bWdIcWxWvbn4n9dNMLjtp0LFCXLFlouCRBKMyPxvMhSaM5RTSyjTwt5K2JhqytCmU7AheKsvr5NWteJdV67uq6VaOYsjD2dwDpfgwQ3U4A4a0AQGI3iGV3hzpPPivDsfy9ack82cwh84nz9GsY0M</latexit>

C

<latexit sha1_base64="8yX8ezIWzbFiYNh3PDb/EzJtVmg=">AAACDnicbVA9SwNBEN3zM8avU0ubxSRgIeEuiAo2ERvLCOYDcmfY20ySJXt75+6eGEJ+gY1/xcZCEVtrO/+Nm+QKTXww8Hhvhpl5QcyZ0o7zbS0sLi2vrGbWsusbm1vb9s5uTUWJpFClEY9kIyAKOBNQ1UxzaMQSSBhwqAf9y7FfvwepWCRu9CAGPyRdwTqMEm2kll3IXzxgj8MdDo68c0xvPSY0SEo4TnXacvItO+cUnQnwPHFTkkMpKi37y2tHNAlBaMqJUk3XibU/JFIzymGU9RIFMaF90oWmoYKEoPzh5J0RLhiljTuRNCU0nqi/J4YkVGoQBqYzJLqnZr2x+J/XTHTnzB8yEScaBJ0u6iQc6wiPs8FtJoFqPjCEUMnMrZj2iCTUJKKyJgR39uV5UisV3ZPi8XUpV86ncWTQPjpAh8hFp6iMrlAFVRFFj+gZvaI368l6sd6tj2nrgpXO7KE/sD5/ANjymgE=</latexit>

Ax  b, c|x  c0

<latexit sha1_base64="BhMjETsgolzrTkPDoxN7atXdlvM=">AAAB7HicbVBNSwMxEJ31s9avqkcvwVYQD2W3iHosePFYwW0L7VqyabYNTbJLkhXL0t/gxYMiXv1B3vw3pu0etPXBwOO9GWbmhQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6Gbqtx6p0iyW92ac0EDggWQRI9hYya88PZxXeqWyW3VnQMvEy0kZcjR6pa9uPyapoNIQjrXueG5iggwrwwink2I31TTBZIQHtGOpxILqIJsdO0GnVumjKFa2pEEz9fdEhoXWYxHaToHNUC96U/E/r5Oa6DrImExSQyWZL4pSjkyMpp+jPlOUGD62BBPF7K2IDLHCxNh8ijYEb/HlZdKsVb3L6sVdrVyv5HEU4BhO4Aw8uII63EIDfCDA4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AGxWY3d</latexit>

x⇤

<latexit sha1_base64="Zzy9v40S1b3JcRuV/cQRRBnCYkI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZlZDCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlbWNQA==</latexit>w

..but not by x∗ := argminxw
⊺x s.t. Ax ≤ b (LP relaxation).
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Cutting Planes

In practice, many cuts C ∈ C can be generated...

..but only effective cuts should be added, because every cut

increases the complexity of resolving the linear program (2).
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Our Contribution: “Learning To Cut By Looking Ahead”

To date, modern B&C solvers use manual heuristics to select cuts.

Instead, we leverage machine learning for cutting plane selection:

• Looking Ahead: Propose expensive but effective lookahead

criterion for cut selection, used as label for supervised training.

• Learning To Cut: Propose NeuralCut, a graph neural

network (GNN) to imitate lookahead for cut selection.
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Looking Ahead: Lookahead Criterion is strong but expensive

For a cut C ∈ C, we define the lookahead score sLA as...

sLA(C) := zC − z∗ ≥ 0 (3)

Selecting C∗
LA = argmaxC∈C sLA(C) is effective on a benchmark...
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..but computing sLA(C) for all C ∈ C is too expensive in practice.
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Learning To Cut: NeuralCut to learn lookahead selection

Hence, we learn to imitate lookahead selection with NeuralCut.

To learn from IPs and cutpools, Neuralcut uses a tripartite graph...

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·
<latexit sha1_base64="wk3Xn8i5+3YIK3By0Np3mzaOoqE="></latexit>

A11 x1 + . . . + A1n xn  b1

A21 x1 + . . . + A2n xn  b2

· · · · · · · · ·
Am1 x1 + . . . + Amn xn  bm

c1
1 x1 + . . . + c1

n xn  c1
0

c2
1 x1 + . . . + c2

n xn  c2
0

· · · · · · · · ·
c
|C|
1 x1 + . . . + c

|C|
n xn  c

|C|
0

<latexit sha1_base64="W7E1J7U874Y2M5/gsHxkXFfttZk=">AAACJXicbVDLSsNAFJ3UV62vqktdBFvBVUmKqMuKG5cV7AOaWCaTaTt0kgkzN0IJ2fgzutX/cCeCK//BL3CaZmFbLwz3cM59zfEizhRY1pdRWFldW98obpa2tnd298r7B20lYkloiwguZNfDinIW0hYw4LQbSYoDj9OON76Z6p1HKhUT4T1MIuoGeBiyASMYNNUvH1ev+wlzPMF9NQl0ShziC0hT8jCu9ssVq2ZlYS4DOwcVlEezX/5xfEHigIZAOFaqZ1sRuAmWwAinacmJFY0wGeMh7WkY4oAqN8l+kZqnmvHNgZD6hWBm7N+OBAdqeqOuDDCM1KI2Jf/TejEMrtyEhVEMNCSzRYOYmyDMqSWmzyQlwCcaYCKZvtUkIywxAW3c3KRsNpFuQmOdWARpqaRNshctWQbtes2+qJ3f1SuNam5XER2hE3SGbHSJGugWNVELEfSEXtArejOejXfjw/iclRaMvOcQzYXx/Qv5QaYM</latexit>

Ai·ck
<latexit sha1_base64="W1Bw10BbYL6J/czqdC8Ib2HIZ5I="></latexit>

parallelism
weights

<latexit sha1_base64="eC9iJBKqDGL/e7K+Ji4YOJV/fw8=">AAACD3icbVBLTsMwFHTKr4RfgSUbixaJVZVUCFgWsWFZJPqR2qhyXKc1dZzIfkGqoh4CtnAPdogtR+AanAA3zYK2jGR5NPPe8/P4seAaHOfbKqytb2xuFbftnd29/YPS4VFLR4mirEkjEamOTzQTXLImcBCsEytGQl+wtj++nfntJ6Y0j+QDTGLmhWQoecApASN1Kjf9lD9OK/1S2ak6GfAqcXNSRjka/dJPbxDRJGQSqCBad10nBi8lCjgVbGr3Es1iQsdkyLqGShIy7aXZvlN8ZpQBDiJljgScqX87UhJqPQl9UxkSGOllbyb+53UTCK69lMs4ASbp/KEgERgiPPs8HnDFKIiJIYQqbnbFdEQUoWAiWpiUzabKS1liLh7D1LZNSO5yJKukVau6l9WL+1q5XsnjKqITdIrOkYuuUB3doQZqIooEekGv6M16tt6tD+tzXlqw8p5jtADr6xdi+pzA</latexit>

Aij

<latexit sha1_base64="y05zunm55Gm9XSdHekB4E5/cFi0=">AAACEHicbVBLTsMwFHTKr4RfgSWbiBaJVZUgBCwrsWFZJPpBbagc121NbSeyX5CqKJeALdyDHWLLDbgGJ8BNs6AtI1kezbz3/DxBxJkG1/22Ciura+sbxU17a3tnd6+0f9DUYawIbZCQh6odYE05k7QBDDhtR4piEXDaCsbXU7/1RJVmobyDSUR9gYeSDRjBYKT7Cuklj+nDuNIrld2qm8FZJl5OyihHvVf66fZDEgsqgXCsdcdzI/ATrIARTlO7G2saYTLGQ9oxVGJBtZ9kC6fOiVH6ziBU5khwMvVvR4KF1hMRmEqBYaQXvan4n9eJYXDlJ0xGMVBJZg8NYu5A6Ex/7/SZogT4xBBMFDO7OmSEFSZgMpqblM0myk9obC4WQWrbJiRvMZJl0jyrehfV89uzcq2Sx1VER+gYnSIPXaIaukF11EAECfSCXtGb9Wy9Wx/W56y0YOU9h2gO1tcvYUqdTA==</latexit>

ck
j

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·
<latexit sha1_base64="g1IJoFs0QM1Mjs1/QID6Bi7qB1E=">AAACC3icbVDLSgMxFM3UVx1fVZduQovgqswUUZeFblxWsA9oh5JJM21o5kFyI5Shn6Bb/Q934taP8Df8AjPTWdjWAyGHc+69uTl+IrgCx/m2SlvbO7t75X374PDo+KRyetZVsZaUdWgsYtn3iWKCR6wDHATrJ5KR0Bes589amd97YlLxOHqEecK8kEwiHnBKIJNaGtSoUnPqTg68SdyC1FCB9qjyMxzHVIcsAiqIUgPXScBLiQROBVvYQ61YQuiMTNjA0IiETHlpvusCXxpljINYmhMBztW/HSkJlZqHvqkMCUzVupeJ/3kDDcGdl/Io0cAiunwo0AJDjLOP4zGXjIKYG0Ko5GZXTKdEEgomnpVJ+WwqvZRpc/EEFrZtQnLXI9kk3UbdvalfPzRqzWoRVxldoCq6Qi66RU10j9qogyiaohf0it6sZ+vd+rA+l6Ulq+g5Ryuwvn4BApCbgg==</latexit>

Cuts

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·
<latexit sha1_base64="vZVBVSwka00YqyABfiMQsuI9+bU=">AAACEnicbVDLSgMxFM3UVx1fVZduhhbBVZkpoi4L3bisYB8wHUomzbShmWRI7ghl6F/oVv/Dnbj1B/wNv8B0OgvbeiDkcM69NzcnTDjT4LrfVmlre2d3r7xvHxweHZ9UTs+6WqaK0A6RXKp+iDXlTNAOMOC0nyiK45DTXjhtLfzeE1WaSfEIs4QGMR4LFjGCwUh+SwoNCjMBelipuXU3h7NJvILUUIH2sPIzGEmSxlQA4Vhr33MTCDKsgBFO5/Yg1TTBZIrH1DdU4JjqIMtXnjuXRhk5kVTmCHBy9W9HhmOtZ3FoKmMME73uLcT/PD+F6C7ImEhSoIIsH4pS7oB0Fv93RkxRAnxmCCaKmV0dMsEKEzAprUzKZxMVZDQ1F0tgbtsmJG89kk3SbdS9m/r1Q6PWrBZxldEFqqIr5KFb1ET3qI06iCCJXtArerOerXfrw/pclpasouccrcD6+gX6w57B</latexit>

Constraints

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·
<latexit sha1_base64="Ri+ACKQv7xTmHw3960sEuT7TvTg=">AAACEHicbVDLTgIxFO3gC8cX6tJNAzFxRWaIUZckblxiIg8DE3KndKCh7UzajgmZ8BO61f9wZ9z6B/6GX2AZWAh4kqYn59x7e3vChDNtPO/bKWxsbm3vFHfdvf2Dw6PS8UlLx6kitEliHqtOCJpyJmnTMMNpJ1EURMhpOxzfzvz2E1WaxfLBTBIaCBhKFjECxkqPLVAMbK3ulype1cuB14m/IBW0QKNf+ukNYpIKKg3hoHXX9xITZKAMI5xO3V6qaQJkDEPatVSCoDrI8oWn+NwqAxzFyh5pcK7+7chAaD0Roa0UYEZ61ZuJ/3nd1EQ3QcZkkhoqyfyhKOXYxHj2ezxgihLDJ5YAUczuiskIFBBjM1qalM8mKshoai+WmKnr2pD81UjWSatW9a+ql/e1Sr28iKuIzlAZXSAfXaM6ukMN1EQECfSCXtGb8+y8Ox/O57y04Cx6TtESnK9fBgqdrg==</latexit>

Variables

<latexit sha1_base64="T97Qa9Ig/geqIFEgxNcIS4c8B5g=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0XoqiRF1GXBhS4r9AVtKJPpbTt0kgwzk0IJ/RLd6n+4E7eu/A2/wEmbhW29MMzh3HvOvZxAcKa0635bha3tnd294r59cHh0fOKcnrVUnEgKTRrzWHYCooCzCJqaaQ4dIYGEAYd2MLnP+u0pSMXiqKFnAvyQjCI2ZJRoQ/UdpyGZINIoAT9IIsZ9p+RW3EXhTeDloITyqvedn94gpkkIkaacKNX1XKH9NPOkHOZ2L1EgCJ2QEXQNjEgIyk8Xl8/xlWEGeBhL8yKNF+xfRUpCpWZhYCZDosdqvZeR//W6iR7e+SmLRKIhostFw4RjHeMsBjxgEqjmMwMIlczciumYSEK1CWvFaeFNpZ9CYj4m9Ny2TUjeeiSboFWteDeV66dqqVbO4yqiC3SJyshDt6iGHlEdNRFFU/SCXtGb9Wy9Wx/W53K0YOWac7RS1tcv+UCgzA==</latexit>

Tripartite Graph
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Learning To Cut: NeuralCut to learn lookahead selection

Hence, we learn to imitate lookahead selection with NeuralCut.

To learn from IPs and cutpools, Neuralcut uses a tripartite graph...

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·
<latexit sha1_base64="wk3Xn8i5+3YIK3By0Np3mzaOoqE=">AAAEh3icjZPdbtMwFMe9NsAWvjrGHTcRhQoJqUsiNCblptNuuBwS3SbFWeQ4bmfVdoLtIKosD8o9T8AT4KSZtLWBzpHlk+P/+Z3jIzvJGVXadX/t9PrWo8dPdvfsp8+ev3g52H91rrJCYjLFGcvkZYIUYVSQqaaakctcEsQTRi6SxWm9f/GDSEUz8U0vcxJxNBd0RjHSxhXv9yoY2jAhcypKJCVaVqWclNXtZGZW9klcel4Fg5 +xBwPnIwxGMIAszbRqf2uBaATCeEaQke8wSBo1hCHkJFULmiOeFUJHNc7fhvM7cH43DuI6dNQuNev2azwQ1gn5toS8IyFvEyZ0fjchviq9ypz4f8RWswHFV17sdp/DhPgPwPrdWP9f2O3tMdAbyJG+VliWp9XNA4pY13cUtK5ZlWdDItL2ptkwigdDd+w2w9k0vNYYgnacxYM/MM1wwYnQmCGlQs/NdWSAmmJGDLJQJEd4geYkNKZAnKiobN5J5bw3ntSZZdJMoZ3GezeiRFypJU+Msil9fa92du2FhZ4dRyUVeaGJwKtEs4I5OnPqR+ekVBKs2dIYCEtqanXwNZIIa/M075HalkUlKcxCc13ZtmmSt96STePcH3tH409f/eHkXduuXfAGvAUfgAc+gwn4As7AFODe777dP+i/tvasQ+vIOl5JezttzAG4N6yTv80sc3c=</latexit>

A11 x1 + . . . + A1n xn  b1

A21 x1 + . . . + A2n xn  b2

· · · · · · · · ·
Am1 x1 + . . . + Amn xn  bm

c1
1 x1 + . . . + c1

n xn  c1
0

c2
1 x1 + . . . + c2

n xn  c2
0

· · · · · · · · ·
c
|C|
1 x1 + . . . + c

|C|
n xn  c

|C|
0

<latexit sha1_base64="W7E1J7U874Y2M5/gsHxkXFfttZk=">AAACJXicbVDLSsNAFJ3UV62vqktdBFvBVUmKqMuKG5cV7AOaWCaTaTt0kgkzN0IJ2fgzutX/cCeCK//BL3CaZmFbLwz3cM59zfEizhRY1pdRWFldW98obpa2tnd298r7B20lYkloiwguZNfDinIW0hYw4LQbSYoDj9OON76Z6p1HKhUT4T1MIuoGeBiyASMYNNUvH1ev+wlzPMF9NQl0ShziC0hT8jCu9ssVq2ZlYS4DOwcVlEezX/5xfEHigIZAOFaqZ1sRuAmWwAinacmJFY0wGeMh7WkY4oAqN8l+kZqnmvHNgZD6hWBm7N+OBAdqeqOuDDCM1KI2Jf/TejEMrtyEhVEMNCSzRYOYmyDMqSWmzyQlwCcaYCKZvtUkIywxAW3c3KRsNpFuQmOdWARpqaRNshctWQbtes2+qJ3f1SuNam5XER2hE3SGbHSJGugWNVELEfSEXtArejOejXfjw/iclRaMvOcQzYXx/Qv5QaYM</latexit>

Ai·ck
<latexit sha1_base64="W1Bw10BbYL6J/czqdC8Ib2HIZ5I="></latexit>

parallelism
weights

<latexit sha1_base64="eC9iJBKqDGL/e7K+Ji4YOJV/fw8=">AAACD3icbVBLTsMwFHTKr4RfgSUbixaJVZVUCFgWsWFZJPqR2qhyXKc1dZzIfkGqoh4CtnAPdogtR+AanAA3zYK2jGR5NPPe8/P4seAaHOfbKqytb2xuFbftnd29/YPS4VFLR4mirEkjEamOTzQTXLImcBCsEytGQl+wtj++nfntJ6Y0j+QDTGLmhWQoecApASN1Kjf9lD9OK/1S2ak6GfAqcXNSRjka/dJPbxDRJGQSqCBad10nBi8lCjgVbGr3Es1iQsdkyLqGShIy7aXZvlN8ZpQBDiJljgScqX87UhJqPQl9UxkSGOllbyb+53UTCK69lMs4ASbp/KEgERgiPPs8HnDFKIiJIYQqbnbFdEQUoWAiWpiUzabKS1liLh7D1LZNSO5yJKukVau6l9WL+1q5XsnjKqITdIrOkYuuUB3doQZqIooEekGv6M16tt6tD+tzXlqw8p5jtADr6xdi+pzA</latexit>

Aij

<latexit sha1_base64="y05zunm55Gm9XSdHekB4E5/cFi0=">AAACEHicbVBLTsMwFHTKr4RfgSWbiBaJVZUgBCwrsWFZJPpBbagc121NbSeyX5CqKJeALdyDHWLLDbgGJ8BNs6AtI1kezbz3/DxBxJkG1/22Ciura+sbxU17a3tnd6+0f9DUYawIbZCQh6odYE05k7QBDDhtR4piEXDaCsbXU7/1RJVmobyDSUR9gYeSDRjBYKT7Cuklj+nDuNIrld2qm8FZJl5OyihHvVf66fZDEgsqgXCsdcdzI/ATrIARTlO7G2saYTLGQ9oxVGJBtZ9kC6fOiVH6ziBU5khwMvVvR4KF1hMRmEqBYaQXvan4n9eJYXDlJ0xGMVBJZg8NYu5A6Ex/7/SZogT4xBBMFDO7OmSEFSZgMpqblM0myk9obC4WQWrbJiRvMZJl0jyrehfV89uzcq2Sx1VER+gYnSIPXaIaukF11EAECfSCXtGb9Wy9Wx/W56y0YOU9h2gO1tcvYUqdTA==</latexit>

ck
j

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·
<latexit sha1_base64="g1IJoFs0QM1Mjs1/QID6Bi7qB1E=">AAACC3icbVDLSgMxFM3UVx1fVZduQovgqswUUZeFblxWsA9oh5JJM21o5kFyI5Shn6Bb/Q934taP8Df8AjPTWdjWAyGHc+69uTl+IrgCx/m2SlvbO7t75X374PDo+KRyetZVsZaUdWgsYtn3iWKCR6wDHATrJ5KR0Bes589amd97YlLxOHqEecK8kEwiHnBKIJNaGtSoUnPqTg68SdyC1FCB9qjyMxzHVIcsAiqIUgPXScBLiQROBVvYQ61YQuiMTNjA0IiETHlpvusCXxpljINYmhMBztW/HSkJlZqHvqkMCUzVupeJ/3kDDcGdl/Io0cAiunwo0AJDjLOP4zGXjIKYG0Ko5GZXTKdEEgomnpVJ+WwqvZRpc/EEFrZtQnLXI9kk3UbdvalfPzRqzWoRVxldoCq6Qi66RU10j9qogyiaohf0it6sZ+vd+rA+l6Ulq+g5Ryuwvn4BApCbgg==</latexit>

Cuts

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·
<latexit sha1_base64="vZVBVSwka00YqyABfiMQsuI9+bU=">AAACEnicbVDLSgMxFM3UVx1fVZduhhbBVZkpoi4L3bisYB8wHUomzbShmWRI7ghl6F/oVv/Dnbj1B/wNv8B0OgvbeiDkcM69NzcnTDjT4LrfVmlre2d3r7xvHxweHZ9UTs+6WqaK0A6RXKp+iDXlTNAOMOC0nyiK45DTXjhtLfzeE1WaSfEIs4QGMR4LFjGCwUh+SwoNCjMBelipuXU3h7NJvILUUIH2sPIzGEmSxlQA4Vhr33MTCDKsgBFO5/Yg1TTBZIrH1DdU4JjqIMtXnjuXRhk5kVTmCHBy9W9HhmOtZ3FoKmMME73uLcT/PD+F6C7ImEhSoIIsH4pS7oB0Fv93RkxRAnxmCCaKmV0dMsEKEzAprUzKZxMVZDQ1F0tgbtsmJG89kk3SbdS9m/r1Q6PWrBZxldEFqqIr5KFb1ET3qI06iCCJXtArerOerXfrw/pclpasouccrcD6+gX6w57B</latexit>

Constraints

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>· · ·
<latexit sha1_base64="Ri+ACKQv7xTmHw3960sEuT7TvTg=">AAACEHicbVDLTgIxFO3gC8cX6tJNAzFxRWaIUZckblxiIg8DE3KndKCh7UzajgmZ8BO61f9wZ9z6B/6GX2AZWAh4kqYn59x7e3vChDNtPO/bKWxsbm3vFHfdvf2Dw6PS8UlLx6kitEliHqtOCJpyJmnTMMNpJ1EURMhpOxzfzvz2E1WaxfLBTBIaCBhKFjECxkqPLVAMbK3ulype1cuB14m/IBW0QKNf+ukNYpIKKg3hoHXX9xITZKAMI5xO3V6qaQJkDEPatVSCoDrI8oWn+NwqAxzFyh5pcK7+7chAaD0Roa0UYEZ61ZuJ/3nd1EQ3QcZkkhoqyfyhKOXYxHj2ezxgihLDJ5YAUczuiskIFBBjM1qalM8mKshoai+WmKnr2pD81UjWSatW9a+ql/e1Sr28iKuIzlAZXSAfXaM6ukMN1EQECfSCXtGb8+y8Ox/O57y04Cx6TtESnK9fBgqdrg==</latexit>

Variables

<latexit sha1_base64="T97Qa9Ig/geqIFEgxNcIS4c8B5g=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0XoqiRF1GXBhS4r9AVtKJPpbTt0kgwzk0IJ/RLd6n+4E7eu/A2/wEmbhW29MMzh3HvOvZxAcKa0635bha3tnd294r59cHh0fOKcnrVUnEgKTRrzWHYCooCzCJqaaQ4dIYGEAYd2MLnP+u0pSMXiqKFnAvyQjCI2ZJRoQ/UdpyGZINIoAT9IIsZ9p+RW3EXhTeDloITyqvedn94gpkkIkaacKNX1XKH9NPOkHOZ2L1EgCJ2QEXQNjEgIyk8Xl8/xlWEGeBhL8yKNF+xfRUpCpWZhYCZDosdqvZeR//W6iR7e+SmLRKIhostFw4RjHeMsBjxgEqjmMwMIlczciumYSEK1CWvFaeFNpZ9CYj4m9Ny2TUjeeiSboFWteDeV66dqqVbO4yqiC3SJyshDt6iGHlEdNRFFU/SCXtGb9Wy9Wx/W53K0YOWac7RS1tcv+UCgzA==</latexit>

Tripartite Graph
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Learning to Cut: NeuralCut is a graph neural network

NeuralCut is a GNN based on Gasse et al. (2019)...

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···
<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···
<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="vZVBVSwka00YqyABfiMQsuI9+bU=">AAACEnicbVDLSgMxFM3UVx1fVZduhhbBVZkpoi4L3bisYB8wHUomzbShmWRI7ghl6F/oVv/Dnbj1B/wNv8B0OgvbeiDkcM69NzcnTDjT4LrfVmlre2d3r7xvHxweHZ9UTs+6WqaK0A6RXKp+iDXlTNAOMOC0nyiK45DTXjhtLfzeE1WaSfEIs4QGMR4LFjGCwUh+SwoNCjMBelipuXU3h7NJvILUUIH2sPIzGEmSxlQA4Vhr33MTCDKsgBFO5/Yg1TTBZIrH1DdU4JjqIMtXnjuXRhk5kVTmCHBy9W9HhmOtZ3FoKmMME73uLcT/PD+F6C7ImEhSoIIsH4pS7oB0Fv93RkxRAnxmCCaKmV0dMsEKEzAprUzKZxMVZDQ1F0tgbtsmJG89kk3SbdS9m/r1Q6PWrBZxldEFqqIr5KFb1ET3qI06iCCJXtArerOerXfrw/pclpasouccrcD6+gX6w57B</latexit> C
on

st
ra

in
ts

<latexit sha1_base64="Ri+ACKQv7xTmHw3960sEuT7TvTg=">AAACEHicbVDLTgIxFO3gC8cX6tJNAzFxRWaIUZckblxiIg8DE3KndKCh7UzajgmZ8BO61f9wZ9z6B/6GX2AZWAh4kqYn59x7e3vChDNtPO/bKWxsbm3vFHfdvf2Dw6PS8UlLx6kitEliHqtOCJpyJmnTMMNpJ1EURMhpOxzfzvz2E1WaxfLBTBIaCBhKFjECxkqPLVAMbK3ulype1cuB14m/IBW0QKNf+ukNYpIKKg3hoHXX9xITZKAMI5xO3V6qaQJkDEPatVSCoDrI8oWn+NwqAxzFyh5pcK7+7chAaD0Roa0UYEZ61ZuJ/3nd1EQ3QcZkkhoqyfyhKOXYxHj2ezxgihLDJ5YAUczuiskIFBBjM1qalM8mKshoai+WmKnr2pD81UjWSatW9a+ql/e1Sr28iKuIzlAZXSAfXaM6ukMN1EQECfSCXtGb8+y8Ox/O57y04Cx6TtESnK9fBgqdrg==</latexit>

V
ar

ia
b
le

s

<latexit sha1_base64="JyXJ3caaO2vnhvVjpQ2gdZpivPk=">AAAB8XicbVBNS8NAEJ34WetX1aOXpUXwVJIi6rEggscK9gPbUDabSbt0swm7G6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj+lA8ogzaqz0eBsHGIZcDnS/VHGr7hxklXg5qUCORr/01QsTlsUoDRNU667npsafUGU4Ezgt9jKNKWUjOsCupZLGqP3J/OIpObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia69idcpplByRaLokwQk5DZ+yTkCpkRY0soU9zeStiQKsqMDaloQ/CWX14lrVrVu6xe3Ncq9XIeRwFOoQzn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6J1zclnTuAPnM8fgWeQtw==</latexit>

Embeddings
<latexit sha1_base64="oHjiZ8zOvo1ntZj2XRqDVZOyEms=">AAAB+3icbVBNSwMxEJ2tX7V+1Xr0EloET2W3iHos9KDHCvYD2qVk02wbmk2WJFssS/+KFw+KePWPePPfmG170NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6W2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpJH5nSlVmknxaGYx9SM8EixkBBsrDYqlO4XjMWpIMZU8yTQ9KFbcqrsA2iTeilRgheag+NUfSpJEVBjCsdY9z42Nn2JlGOF0XugnmsaYTPCI9iwVOKLaTxe3z9GFVYYolMqWMGih/p5IcaT1LApsZ4TNWK97mfif10tMeOunTMSJoYIsF4UJR0aiLAg0ZIoSw2eWYKKYvRWRMVaYGBtXwYbgrb+8Sdq1qnddvXqoVerlVRx5OIcyXIIHN1CHe2hCCwg8wTO8wpszd16cd+dj2ZpzVjNn8AfO5w8jl5Rr</latexit>

Graph Convolutions

but adds more convolutions
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Learning to Cut: NeuralCut is a graph neural network

NeuralCut is a GNN based on Gasse et al. (2019)...

<latexit sha1_base64="g1IJoFs0QM1Mjs1/QID6Bi7qB1E=">AAACC3icbVDLSgMxFM3UVx1fVZduQovgqswUUZeFblxWsA9oh5JJM21o5kFyI5Shn6Bb/Q934taP8Df8AjPTWdjWAyGHc+69uTl+IrgCx/m2SlvbO7t75X374PDo+KRyetZVsZaUdWgsYtn3iWKCR6wDHATrJ5KR0Bes589amd97YlLxOHqEecK8kEwiHnBKIJNaGtSoUnPqTg68SdyC1FCB9qjyMxzHVIcsAiqIUgPXScBLiQROBVvYQ61YQuiMTNjA0IiETHlpvusCXxpljINYmhMBztW/HSkJlZqHvqkMCUzVupeJ/3kDDcGdl/Io0cAiunwo0AJDjLOP4zGXjIKYG0Ko5GZXTKdEEgomnpVJ+WwqvZRpc/EEFrZtQnLXI9kk3UbdvalfPzRqzWoRVxldoCq6Qi66RU10j9qogyiaohf0it6sZ+vd+rA+l6Ulq+g5Ryuwvn4BApCbgg==</latexit> C
u
ts

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···
<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···
<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="vZVBVSwka00YqyABfiMQsuI9+bU=">AAACEnicbVDLSgMxFM3UVx1fVZduhhbBVZkpoi4L3bisYB8wHUomzbShmWRI7ghl6F/oVv/Dnbj1B/wNv8B0OgvbeiDkcM69NzcnTDjT4LrfVmlre2d3r7xvHxweHZ9UTs+6WqaK0A6RXKp+iDXlTNAOMOC0nyiK45DTXjhtLfzeE1WaSfEIs4QGMR4LFjGCwUh+SwoNCjMBelipuXU3h7NJvILUUIH2sPIzGEmSxlQA4Vhr33MTCDKsgBFO5/Yg1TTBZIrH1DdU4JjqIMtXnjuXRhk5kVTmCHBy9W9HhmOtZ3FoKmMME73uLcT/PD+F6C7ImEhSoIIsH4pS7oB0Fv93RkxRAnxmCCaKmV0dMsEKEzAprUzKZxMVZDQ1F0tgbtsmJG89kk3SbdS9m/r1Q6PWrBZxldEFqqIr5KFb1ET3qI06iCCJXtArerOerXfrw/pclpasouccrcD6+gX6w57B</latexit> C
on

st
ra

in
ts

<latexit sha1_base64="Ri+ACKQv7xTmHw3960sEuT7TvTg=">AAACEHicbVDLTgIxFO3gC8cX6tJNAzFxRWaIUZckblxiIg8DE3KndKCh7UzajgmZ8BO61f9wZ9z6B/6GX2AZWAh4kqYn59x7e3vChDNtPO/bKWxsbm3vFHfdvf2Dw6PS8UlLx6kitEliHqtOCJpyJmnTMMNpJ1EURMhpOxzfzvz2E1WaxfLBTBIaCBhKFjECxkqPLVAMbK3ulype1cuB14m/IBW0QKNf+ukNYpIKKg3hoHXX9xITZKAMI5xO3V6qaQJkDEPatVSCoDrI8oWn+NwqAxzFyh5pcK7+7chAaD0Roa0UYEZ61ZuJ/3nd1EQ3QcZkkhoqyfyhKOXYxHj2ezxgihLDJ5YAUczuiskIFBBjM1qalM8mKshoai+WmKnr2pD81UjWSatW9a+ql/e1Sr28iKuIzlAZXSAfXaM6ukMN1EQECfSCXtGb8+y8Ox/O57y04Cx6TtESnK9fBgqdrg==</latexit>

V
ar

ia
b
le

s

<latexit sha1_base64="JyXJ3caaO2vnhvVjpQ2gdZpivPk=">AAAB8XicbVBNS8NAEJ34WetX1aOXpUXwVJIi6rEggscK9gPbUDabSbt0swm7G6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj+lA8ogzaqz0eBsHGIZcDnS/VHGr7hxklXg5qUCORr/01QsTlsUoDRNU667npsafUGU4Ezgt9jKNKWUjOsCupZLGqP3J/OIpObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia69idcpplByRaLokwQk5DZ+yTkCpkRY0soU9zeStiQKsqMDaloQ/CWX14lrVrVu6xe3Ncq9XIeRwFOoQzn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6J1zclnTuAPnM8fgWeQtw==</latexit>

Embeddings
<latexit sha1_base64="oHjiZ8zOvo1ntZj2XRqDVZOyEms=">AAAB+3icbVBNSwMxEJ2tX7V+1Xr0EloET2W3iHos9KDHCvYD2qVk02wbmk2WJFssS/+KFw+KePWPePPfmG170NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6W2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpJH5nSlVmknxaGYx9SM8EixkBBsrDYqlO4XjMWpIMZU8yTQ9KFbcqrsA2iTeilRgheag+NUfSpJEVBjCsdY9z42Nn2JlGOF0XugnmsaYTPCI9iwVOKLaTxe3z9GFVYYolMqWMGih/p5IcaT1LApsZ4TNWK97mfif10tMeOunTMSJoYIsF4UJR0aiLAg0ZIoSw2eWYKKYvRWRMVaYGBtXwYbgrb+8Sdq1qnddvXqoVerlVRx5OIcyXIIHN1CHe2hCCwg8wTO8wpszd16cd+dj2ZpzVjNn8AfO5w8jl5Rr</latexit>

Graph Convolutions

..but adds more convolutions,
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Learning to Cut: NeuralCut is a graph neural network

NeuralCut is a GNN based on Gasse et al. (2019)...

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="g1IJoFs0QM1Mjs1/QID6Bi7qB1E=">AAACC3icbVDLSgMxFM3UVx1fVZduQovgqswUUZeFblxWsA9oh5JJM21o5kFyI5Shn6Bb/Q934taP8Df8AjPTWdjWAyGHc+69uTl+IrgCx/m2SlvbO7t75X374PDo+KRyetZVsZaUdWgsYtn3iWKCR6wDHATrJ5KR0Bes589amd97YlLxOHqEecK8kEwiHnBKIJNaGtSoUnPqTg68SdyC1FCB9qjyMxzHVIcsAiqIUgPXScBLiQROBVvYQ61YQuiMTNjA0IiETHlpvusCXxpljINYmhMBztW/HSkJlZqHvqkMCUzVupeJ/3kDDcGdl/Io0cAiunwo0AJDjLOP4zGXjIKYG0Ko5GZXTKdEEgomnpVJ+WwqvZRpc/EEFrZtQnLXI9kk3UbdvalfPzRqzWoRVxldoCq6Qi66RU10j9qogyiaohf0it6sZ+vd+rA+l6Ulq+g5Ryuwvn4BApCbgg==</latexit> C
u
ts

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···
<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···
<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="vZVBVSwka00YqyABfiMQsuI9+bU=">AAACEnicbVDLSgMxFM3UVx1fVZduhhbBVZkpoi4L3bisYB8wHUomzbShmWRI7ghl6F/oVv/Dnbj1B/wNv8B0OgvbeiDkcM69NzcnTDjT4LrfVmlre2d3r7xvHxweHZ9UTs+6WqaK0A6RXKp+iDXlTNAOMOC0nyiK45DTXjhtLfzeE1WaSfEIs4QGMR4LFjGCwUh+SwoNCjMBelipuXU3h7NJvILUUIH2sPIzGEmSxlQA4Vhr33MTCDKsgBFO5/Yg1TTBZIrH1DdU4JjqIMtXnjuXRhk5kVTmCHBy9W9HhmOtZ3FoKmMME73uLcT/PD+F6C7ImEhSoIIsH4pS7oB0Fv93RkxRAnxmCCaKmV0dMsEKEzAprUzKZxMVZDQ1F0tgbtsmJG89kk3SbdS9m/r1Q6PWrBZxldEFqqIr5KFb1ET3qI06iCCJXtArerOerXfrw/pclpasouccrcD6+gX6w57B</latexit> C
on

st
ra

in
ts

<latexit sha1_base64="Ri+ACKQv7xTmHw3960sEuT7TvTg=">AAACEHicbVDLTgIxFO3gC8cX6tJNAzFxRWaIUZckblxiIg8DE3KndKCh7UzajgmZ8BO61f9wZ9z6B/6GX2AZWAh4kqYn59x7e3vChDNtPO/bKWxsbm3vFHfdvf2Dw6PS8UlLx6kitEliHqtOCJpyJmnTMMNpJ1EURMhpOxzfzvz2E1WaxfLBTBIaCBhKFjECxkqPLVAMbK3ulype1cuB14m/IBW0QKNf+ukNYpIKKg3hoHXX9xITZKAMI5xO3V6qaQJkDEPatVSCoDrI8oWn+NwqAxzFyh5pcK7+7chAaD0Roa0UYEZ61ZuJ/3nd1EQ3QcZkkhoqyfyhKOXYxHj2ezxgihLDJ5YAUczuiskIFBBjM1qalM8mKshoai+WmKnr2pD81UjWSatW9a+ql/e1Sr28iKuIzlAZXSAfXaM6ukMN1EQECfSCXtGb8+y8Ox/O57y04Cx6TtESnK9fBgqdrg==</latexit>

V
ar

ia
b
le

s

<latexit sha1_base64="JyXJ3caaO2vnhvVjpQ2gdZpivPk=">AAAB8XicbVBNS8NAEJ34WetX1aOXpUXwVJIi6rEggscK9gPbUDabSbt0swm7G6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj+lA8ogzaqz0eBsHGIZcDnS/VHGr7hxklXg5qUCORr/01QsTlsUoDRNU667npsafUGU4Ezgt9jKNKWUjOsCupZLGqP3J/OIpObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia69idcpplByRaLokwQk5DZ+yTkCpkRY0soU9zeStiQKsqMDaloQ/CWX14lrVrVu6xe3Ncq9XIeRwFOoQzn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6J1zclnTuAPnM8fgWeQtw==</latexit>

Embeddings
<latexit sha1_base64="oHjiZ8zOvo1ntZj2XRqDVZOyEms=">AAAB+3icbVBNSwMxEJ2tX7V+1Xr0EloET2W3iHos9KDHCvYD2qVk02wbmk2WJFssS/+KFw+KePWPePPfmG170NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6W2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpJH5nSlVmknxaGYx9SM8EixkBBsrDYqlO4XjMWpIMZU8yTQ9KFbcqrsA2iTeilRgheag+NUfSpJEVBjCsdY9z42Nn2JlGOF0XugnmsaYTPCI9iwVOKLaTxe3z9GFVYYolMqWMGih/p5IcaT1LApsZ4TNWK97mfif10tMeOunTMSJoYIsF4UJR0aiLAg0ZIoSw2eWYKKYvRWRMVaYGBtXwYbgrb+8Sdq1qnddvXqoVerlVRx5OIcyXIIHN1CHe2hCCwg8wTO8wpszd16cd+dj2ZpzVjNn8AfO5w8jl5Rr</latexit>

Graph Convolutions

..but adds more convolutions, shortcuts
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Learning to Cut: NeuralCut is a graph neural network

NeuralCut is a GNN based on Gasse et al. (2019)...

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="EhMHDcdybmIEgtZib6DCK1uD3g8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLkCB4CrtB1GMkF48RzAOSJcxOZpMhsw9negNhyXd48aCIVz/Gm3/jbLIHTSwYqKnuorvLi6XQaNvf1sbm1vbObmGvuH9weHRcOjlt6yhRjLdYJCPV9ajmUoS8hQIl78aK08CTvONNGlm9M+VKiyh8xFnM3YCOQuELRtFIbiNBcofIw+w3KFXsqr0AWSdOTiqQozkoffWHEUsCY2eSat1z7BjdlCoUTPJ5sZ9oHlM2oSPeMzSkAdduulh6Ti6MMiR+pMwLkSzU346UBlrPAs90BhTHerWWif/Vegn6t24qwjgxd7HlID+RBCOSJUCGQnGGcmYIZUqYXQkbU0UZmpyKJgRn9eR10q5Vnevq1UOtUi/ncRTgHMpwCQ7cQB3uoQktYPAEz/AKb9bUerHerY9l64aVe87gD6zPH5fXkeU=</latexit>

Cut Attention

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="g1IJoFs0QM1Mjs1/QID6Bi7qB1E=">AAACC3icbVDLSgMxFM3UVx1fVZduQovgqswUUZeFblxWsA9oh5JJM21o5kFyI5Shn6Bb/Q934taP8Df8AjPTWdjWAyGHc+69uTl+IrgCx/m2SlvbO7t75X374PDo+KRyetZVsZaUdWgsYtn3iWKCR6wDHATrJ5KR0Bes589amd97YlLxOHqEecK8kEwiHnBKIJNaGtSoUnPqTg68SdyC1FCB9qjyMxzHVIcsAiqIUgPXScBLiQROBVvYQ61YQuiMTNjA0IiETHlpvusCXxpljINYmhMBztW/HSkJlZqHvqkMCUzVupeJ/3kDDcGdl/Io0cAiunwo0AJDjLOP4zGXjIKYG0Ko5GZXTKdEEgomnpVJ+WwqvZRpc/EEFrZtQnLXI9kk3UbdvalfPzRqzWoRVxldoCq6Qi66RU10j9qogyiaohf0it6sZ+vd+rA+l6Ulq+g5Ryuwvn4BApCbgg==</latexit> C
u
ts

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···
<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···
<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="bG8ZQfJmOSs3CRVSRUChoZzRfYY=">AAACD3icbVBLTsMwFHTKr4RfgSWbiBaJVZVUCFhWYsOySPQjtVHlOE5r1bEj+wWpinoI2MI92CG2HIFrcALcNAvaMpLl0cx7z88TJJxpcN1vq7SxubW9U9619/YPDo8qxycdLVNFaJtILlUvwJpyJmgbGHDaSxTFccBpN5jczf3uE1WaSfEI04T6MR4JFjGCwUi92oCEEnRtWKm6dTeHs068glRRgdaw8jMIJUljKoBwrHXfcxPwM6yAEU5n9iDVNMFkgke0b6jAMdV+lu87cy6MEjqRVOYIcHL1b0eGY62ncWAqYwxjverNxf+8fgrRrZ8xkaRABVk8FKXcAenMP++ETFECfGoIJoqZXR0yxgoTMBEtTcpnE+VnNDUXS2Bm2yYkbzWSddJp1L3r+tVDo9qsFXGV0Rk6R5fIQzeoie5RC7URQRy9oFf0Zj1b79aH9bkoLVlFzylagvX1C3ponM4=</latexit>

···

<latexit sha1_base64="vZVBVSwka00YqyABfiMQsuI9+bU=">AAACEnicbVDLSgMxFM3UVx1fVZduhhbBVZkpoi4L3bisYB8wHUomzbShmWRI7ghl6F/oVv/Dnbj1B/wNv8B0OgvbeiDkcM69NzcnTDjT4LrfVmlre2d3r7xvHxweHZ9UTs+6WqaK0A6RXKp+iDXlTNAOMOC0nyiK45DTXjhtLfzeE1WaSfEIs4QGMR4LFjGCwUh+SwoNCjMBelipuXU3h7NJvILUUIH2sPIzGEmSxlQA4Vhr33MTCDKsgBFO5/Yg1TTBZIrH1DdU4JjqIMtXnjuXRhk5kVTmCHBy9W9HhmOtZ3FoKmMME73uLcT/PD+F6C7ImEhSoIIsH4pS7oB0Fv93RkxRAnxmCCaKmV0dMsEKEzAprUzKZxMVZDQ1F0tgbtsmJG89kk3SbdS9m/r1Q6PWrBZxldEFqqIr5KFb1ET3qI06iCCJXtArerOerXfrw/pclpasouccrcD6+gX6w57B</latexit> C
on

st
ra

in
ts

<latexit sha1_base64="Ri+ACKQv7xTmHw3960sEuT7TvTg=">AAACEHicbVDLTgIxFO3gC8cX6tJNAzFxRWaIUZckblxiIg8DE3KndKCh7UzajgmZ8BO61f9wZ9z6B/6GX2AZWAh4kqYn59x7e3vChDNtPO/bKWxsbm3vFHfdvf2Dw6PS8UlLx6kitEliHqtOCJpyJmnTMMNpJ1EURMhpOxzfzvz2E1WaxfLBTBIaCBhKFjECxkqPLVAMbK3ulype1cuB14m/IBW0QKNf+ukNYpIKKg3hoHXX9xITZKAMI5xO3V6qaQJkDEPatVSCoDrI8oWn+NwqAxzFyh5pcK7+7chAaD0Roa0UYEZ61ZuJ/3nd1EQ3QcZkkhoqyfyhKOXYxHj2ezxgihLDJ5YAUczuiskIFBBjM1qalM8mKshoai+WmKnr2pD81UjWSatW9a+ql/e1Sr28iKuIzlAZXSAfXaM6ukMN1EQECfSCXtGb8+y8Ox/O57y04Cx6TtESnK9fBgqdrg==</latexit>

V
ar

ia
b
le

s

<latexit sha1_base64="JyXJ3caaO2vnhvVjpQ2gdZpivPk=">AAAB8XicbVBNS8NAEJ34WetX1aOXpUXwVJIi6rEggscK9gPbUDabSbt0swm7G6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj+lA8ogzaqz0eBsHGIZcDnS/VHGr7hxklXg5qUCORr/01QsTlsUoDRNU667npsafUGU4Ezgt9jKNKWUjOsCupZLGqP3J/OIpObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia69idcpplByRaLokwQk5DZ+yTkCpkRY0soU9zeStiQKsqMDaloQ/CWX14lrVrVu6xe3Ncq9XIeRwFOoQzn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6J1zclnTuAPnM8fgWeQtw==</latexit>

Embeddings
<latexit sha1_base64="oHjiZ8zOvo1ntZj2XRqDVZOyEms=">AAAB+3icbVBNSwMxEJ2tX7V+1Xr0EloET2W3iHos9KDHCvYD2qVk02wbmk2WJFssS/+KFw+KePWPePPfmG170NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6W2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpJH5nSlVmknxaGYx9SM8EixkBBsrDYqlO4XjMWpIMZU8yTQ9KFbcqrsA2iTeilRgheag+NUfSpJEVBjCsdY9z42Nn2JlGOF0XugnmsaYTPCI9iwVOKLaTxe3z9GFVYYolMqWMGih/p5IcaT1LApsZ4TNWK97mfif10tMeOunTMSJoYIsF4UJR0aiLAg0ZIoSw2eWYKKYvRWRMVaYGBtXwYbgrb+8Sdq1qnddvXqoVerlVRx5OIcyXIIHN1CHe2hCCwg8wTO8wpszd16cd+dj2ZpzVjNn8AfO5w8jl5Rr</latexit>

Graph Convolutions

..but adds more convolutions, shortcuts and self-attention on cuts.
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Learning To Cut: NeuralCut to learn lookahead selection

NeuralCut jointly predicts a score ŝC for each cut C ∈ C..

• to minimize a training log-loss over all cuts...

L (ŝ) := − 1

|C|
∑
C∈C

qC log ŝC + (1− qC) log(1− ŝC) (4)

..with soft targets qC = sLA(C)
sLA(C∗

LA)
.

• and selects the cut C∗
NC = argmaxC∈C ŝC at test time.
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• to minimize a training log-loss over all cuts...
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NC = argmaxC∈C ŝC at test time.

9 / 13



Experimental Overview

We evaluate NeuralCut on a diverse range of IP families...

• ..on pure cut selection..

..to select cuts that achieve tight bounds quickly

(→ small area above bound tightness curve).

• ..as a plug-in of the SCIP

1

B&C solver...

..to select effective cuts at root that speed up B&C search

(→ small residual solving time after processing root).

1Gamrath et al., 2020
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Experiments: NeuralCut for pure cut selection

NeuralCut achieves tight bounds quickly on various IP families...
Area above bound tightness curve (↓) on test instances, mean (ste), N = 30

Max. Cut Packing Bin. Packing Planning

Lookahead 15.05 (0.09) 26.42 (0.07) 9.85 (0.33) 10.33 (0.04)

M
L NeuralCut 15.55 (0.09) 26.30 (0.08) 10.96 (0.33) 10.42 (0.04)

RL2 19.00 (0.09) 27.59 (0.06) 16.06 (0.38) 14.94 (0.08)

H
eu

ris
ti
cs

Default 16.72 (0.09) 26.29 (0.08) 15.42 (0.28) 14.01 (0.06)
Efficacy 17.01 (0.09) 26.28 (0.08) 15.19 (0.29) 14.52 (0.06)
Obj. Parallelism 24.01 (0.08) 28.28 (0.05) 22.23 (0.26) 27.71 (0.07)
IntSupport 21.87 (0.07) 28.78 (0.03) 21.14 (0.28) 23.31 (0.08)
Random 21.99 (0.07) 28.73 (0.04) 21.23 (0.28) 23.26 (0.08)

..and outperforms heuristic scores and a competing RL approach.

2Tang et al., ICML 2020
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Experiments: NeuralCut inside a B&C solver

Paired with an ϵ-threshold rule to run inside the SCIP B&C solver

on (mixed) integer programs from neural network verification...

Median performance on test instances

# cuts Rel. bound improv. Residual Time (s)

Default (SCIP B&C) 279 1.00 23.65

NeuralCut (ϵ = 10−5) 105 1.00 22.35

NeuralCut (ϵ = 10−4) 81 0.99 20.89

NeuralCut (ϵ = 10−3) 48 0.98 22.73

...NeuralCut achieves strong lower bounds at root with fewer

cuts and speeds up the remaining B&C search.
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Conclusion

We introduced NeuralCut, our approach

• proposes the expensive lookahead criterion and shows it

selects strong cuts,

• demonstrates the effectiveness of imitation learning for cut

selection on various IP benchmarks,

• is deeply integrated into the SCIP solver (cut selection,

separation, plug-in).

Code: We plan to make code available at github.com/mbp28.
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