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Robotic Swarm is Useful

• Swarm sensing forest re

• Pipebots testing buried
pipe network

Not (always) reliable!
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Our Proposal to Verify Swarms

Robot	Swarm
Algorithms

Algorithmic
Requirement

Formal	
Specifica9on	

Verifica9on
Tool

	Yes,	
checked!

No,	provide	
explana5ons

Refine	and	repair	swarm	algorithms/requirement/formal	specifica9on

1. Identifying algorithms and eliciting requirement
2. Formalisation of 1. in rst-order temporal logic
3. Deductive reasoning procedures and tools
4. Rene and repair 1. and 2.
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Why MCGNF for Swarm Verication

2. Formalisation of 1. in rst-order temporal logic

Temporal Monodic Clique-Guarded Negation Fragment
(MGCNF)

Why?

• Allow quantications
• Universal→ no need to specify size of swarm
• Existential→ no need to specify robot names

• Highly expressive
• Clique→ each pair of nodes is connected
• ¬∃φ → relations that do not hold
• Equality and inequality
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Temporal Monodic Guarded Fragments
<latexit sha1_base64="S7wgPsEuACGww5H6GoMw/faZFGI="></latexit>

temporal monodic
guarded fragment (MGF)

<latexit sha1_base64="CeXRs35asb4bNbXSQRizueRI+1E="></latexit>

temporal monodic loosely
guarded fragment (MLGF)

<latexit sha1_base64="TULhWita7onZIBLjtaAaqbc5zJ4="></latexit>

temporal monodic guarded
quantification fragments

<latexit sha1_base64="mYXwTsDN8QCVP6QdEtgzOnDxddE="></latexit>

temporal monodic
packed fragment (MPF)

7



Temporal Monodic Guarded Fragments

temporal monodic
guarded fragment (MGF)

temporal monodic loosely
guarded fragment (MLGF)

<latexit sha1_base64="TULhWita7onZIBLjtaAaqbc5zJ4="></latexit>

temporal monodic guarded
quantification fragments

<latexit sha1_base64="mYXwTsDN8QCVP6QdEtgzOnDxddE="></latexit>

temporal monodic
packed fragment (MPF)

<latexit sha1_base64="Sk8O/7OaJMltviaa66Lu8jt01Zk="></latexit>

temporal monodic clique-guarded
negation fragment (MCGNF)

<latexit sha1_base64="RBC3Kyw9t5zv4+SgDEgkTKywjSI="></latexit>

temporal monodic guarded
negation fragments

<latexit sha1_base64="bLsGuwQH0kJZW8t+t19MAHoFA14="></latexit>

temporal monodic guarded
negation fragment (MGNF)

<latexit sha1_base64="YGvSwyY1Q2Kf3nek1nAGoT020hI="></latexit>

temporal monodic unary
negation fragment (MUNF)
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Temporal Monodic Guarded Fragments

temporal monodic
guarded fragment (MGF)

temporal monodic loosely
guarded fragment (MLGF)

<latexit sha1_base64="HHL6nXh57DoUW13833+i5sHFV3Y=">AAACHnicZVBNSwMxEM367fpV9eglWARPZVdQLx4KgvSoaFXoljLNzrah2WRNskJZ+l/EHyOCiOhJ/41pLWLtg4HHm3mZvGlnghsbBF/ezOzc/MLi0rK/srq2vlHa3Lo2KtcM60wJpW/bYFBwiXXLrcDbTCOkbYE37d7psH9zj9pwJa9sP8NmCh3JE87AOqlVOolsFyEuLKaZ0iBoqqSKOaOdHHSMMY0iepeDtL8emmjopCitGbRK5aASjECnSTgmZTLGeav0EsWK5UM3E2BMIwwy2yxAW84EDvwoN5gB60EHG45KSNE0i1HKAd1zSkwTpV1JS0eqP1KTXFCr6DAfjblGZkXfEWCau4cp64IGZt0V/i4oUughQyEm15okxgRy4b51xjVcgjQTA4VJUrDdge+79OH/rNPk+qASHlUOLw7K1dr4Dktkh+ySfRKSY1IlNXJO6oSRR/JM3smH9+A9ea/e28/ojDf2bJMJeJ/fyo2jeg==</latexit>

temporal monodic guarded
quantification fragments

<latexit sha1_base64="mYXwTsDN8QCVP6QdEtgzOnDxddE="></latexit>

temporal monodic
packed fragment (MPF)

<latexit sha1_base64="Sk8O/7OaJMltviaa66Lu8jt01Zk="></latexit>

temporal monodic clique-guarded
negation fragment (MCGNF)

<latexit sha1_base64="eoRNvSbpfCLIddoOn3jDpu8bO5I=">AAACGHicZVDLSgMxFM34dnxVXboJFsFVmSlYt4IgLhWtFjql3GbuTEMzyZBkBBn6I+LHiBsRXbnzb0zHLqw9EDice+7jZJALbmwQfHsLi0vLK6tr6/7G5tb2Tm13786oQjNsMyWU7gzAoOAS25ZbgZ1cI2QDgfeD0fmkfv+A2nAlb+1jjr0MUskTzsA6qV9rRXaIEJcWs1xpEDRTUsWc0bQAHWNMo4hKTCs3TTSkGUprxv1aPWgEFeg8CaekTqa46tc+olixYtLNBBjTDYPc9krQljOBYz8qDObARpBi11EJGZpeWeUb0yOnxDRR2j1paaX6lZoUglpFJ8lozDUyKx4dAaa5G0zZEDQw6/L/XVBmMEKGQsyuNUmMCRTCnXXBNdyANDOG0iQZ2OHY91368H/WeXLXbIStxsl1s352Of2HNXJADskxCckpOSOX5Iq0CSPP5JV8kE/vyXvx3rz3X+uCN+3ZJzPwvn4AnCSgtA==</latexit>

temporal monodic guarded
negation fragments

<latexit sha1_base64="bLsGuwQH0kJZW8t+t19MAHoFA14="></latexit>

temporal monodic guarded
negation fragment (MGNF)

<latexit sha1_base64="YGvSwyY1Q2Kf3nek1nAGoT020hI="></latexit>

temporal monodic unary
negation fragment (MUNF)

<latexit sha1_base64="nVGzZ6DOTEpf9YQmd0a2EapoJOQ="></latexit>

Decidable, �EXP-complete
[HWZ��,Hod��,Hod��]

<latexit sha1_base64="y4vIabsosSgP9Vn0K2RAQwBXs08=">AAAB6nicdVDJSgNBEO2JWxy3qEcvjUHwNEyCxqMBQTzGJQsmIdT01CRNeha6e8Qw5CfEi4ie/Bu/wL+xs4E5+KDg8aq66r32EsGVdt0fK7eyura+kd+0t7Z3dvcK+wcNFaeSYZ3FIpYtDxQKHmFdcy2wlUiE0BPY9IZXk37zCaXicfSgRwl2Q+hHPOAMtJEeOxqftRdkl+Neoeg6Z+4E1HXcBanMSGmuFMkctV7hu+PHLA0x0kyAUu2Sm+huBlJzJnBsd1KFCbAh9LFtaAQhqm42dTymJ0bxaRBLU5GmU9WeqkEqqI7pxCv1uUSmxcgQYJKbxZQNQALTJtHfA1kIQ2QoxPJZFfgYQCqMrWsu4R4itTSQqSAEPRjbtkm/iEj/J42yU6o457flYvVu/g95ckSOySkpkQtSJTekRuqEkYi8kg/yaQnrxXqz3mejOWv+5pAswfr6BaTTjgg=</latexit>?
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Temporal Monodic Guarded Fragments
<latexit sha1_base64="qPJ8DUGdiAp+O3CXjIIp5UzVvu0="></latexit>

temporal monodic
guarded fragment (MGF)

<latexit sha1_base64="VHqL7/8O3hTWfUnHoT1wWprVf3M="></latexit>

temporal monodic loosely
guarded fragment (MLGF)

<latexit sha1_base64="/cYLLeXomtebzxc2PBNvClpasZA="></latexit>

temporal monodic guarded
quantification fragments

<latexit sha1_base64="rB97bjstDFFMa9TJfxmKUH5C93w="></latexit>

temporal monodic
packed fragment (MPF)

<latexit sha1_base64="Sk8O/7OaJMltviaa66Lu8jt01Zk="></latexit>

temporal monodic clique-guarded
negation fragment (MCGNF)

<latexit sha1_base64="eoRNvSbpfCLIddoOn3jDpu8bO5I=">AAACGHicZVDLSgMxFM34dnxVXboJFsFVmSlYt4IgLhWtFjql3GbuTEMzyZBkBBn6I+LHiBsRXbnzb0zHLqw9EDice+7jZJALbmwQfHsLi0vLK6tr6/7G5tb2Tm13786oQjNsMyWU7gzAoOAS25ZbgZ1cI2QDgfeD0fmkfv+A2nAlb+1jjr0MUskTzsA6qV9rRXaIEJcWs1xpEDRTUsWc0bQAHWNMo4hKTCs3TTSkGUprxv1aPWgEFeg8CaekTqa46tc+olixYtLNBBjTDYPc9krQljOBYz8qDObARpBi11EJGZpeWeUb0yOnxDRR2j1paaX6lZoUglpFJ8lozDUyKx4dAaa5G0zZEDQw6/L/XVBmMEKGQsyuNUmMCRTCnXXBNdyANDOG0iQZ2OHY91368H/WeXLXbIStxsl1s352Of2HNXJADskxCckpOSOX5Iq0CSPP5JV8kE/vyXvx3rz3X+uCN+3ZJzPwvn4AnCSgtA==</latexit>

temporal monodic guarded
negation fragments

<latexit sha1_base64="bLsGuwQH0kJZW8t+t19MAHoFA14="></latexit>

temporal monodic guarded
negation fragment (MGNF)

<latexit sha1_base64="YGvSwyY1Q2Kf3nek1nAGoT020hI="></latexit>

temporal monodic unary
negation fragment (MUNF)

MLGF<latexit sha1_base64="ATZGYJSdI0sqE3gNjeLryZNBDNk=">AAACNnicbVDLSgNBEJz1GeP7cfOyGAQPEnYFH8eAErwIEY0KSZDeSa8Ozs4uM72asOQ3vOpn+CtevIlXP8HJmoNJLBgoqrqpngoSKQx53rszMTk1PTNbmCvOLywuLa+srl2ZONUc6zyWsb4JwKAUCuskSOJNohGiQOJ18HDc968fURsRq0vqJtiK4E6JUHAgKzWbhB0yYXZWq/ZuV0pe2cvhjhN/QEpsgNrtqrPRbMc8jVARl2BMw/cSamWgSXCJvWIzNZgAf4A7bFiqIELTyvKje+62VdpuGGv7FLm5+ncjg8iYbhTYyQjo3ox6ffE/r5FSeNTKhEpSQsV/g8JUuhS7/QbcttDISXYtAa6FvdXl96CBk+1pKEXhU9LpN7SbszxxKMqEbQwhlfbTVaHhApTpFW2P/mhr4+Rqr+wflPfP90qVk0GjBbbJttgO89khq7BTVmN1xlnCntkLe3XenA/n0/n6HZ1wBjvrbAjO9w8VHKze</latexit>MPF

<latexit sha1_base64="HHv7nSW4uJ1Z+DgXZZulIHEO8n8=">AAACN3icbVDLSsNAFJ34tr4fOzfBIriQkoivpaAUN4qiVaENcjO90cHJJM7caEvod7jVz/BTXLkTt/6B09iFVQ8MHM65l3PnhKkUhjzv1RkYHBoeGR0bL01MTk3PzM7Nn5sk0xxrPJGJvgzBoBQKayRI4mWqEeJQ4kV4u9f1L+5RG5GoM2qnGMRwrUQkOJCVggZhi0yUH9aOqp2r2bJX8Qq4f4nfI2XWw/HVnLPYaCY8i1ERl2BM3fdSCnLQJLjETqmRGUyB38I11i1VEKMJ8uLqjrtilaYbJdo+RW6h/tzIITamHYd2Mga6Mb+9rvifV88o2glyodKMUPHvoCiTLiVutwK3KTRykm1LgGthb3X5DWjgZIvqS1H4kLa6Fa0VrEjsizJREyPIpP10VWg4BWU6Jduj/7u1v+R8veJvVTZPNsq7+71Gx9gSW2arzGfbbJcdsGNWY5zdsUf2xJ6dF+fNeXc+vkcHnN7OAuuD8/kF0zutPQ==</latexit>MUNF <latexit sha1_base64="iq9TS6oFrgiuioxrdL7tWFsdPxw=">AAACN3icbVDLSsNAFJ34tr4fOzfBIriQkoivpaCoG0XRqtAGuZne1MHJJM7cqCX0O9zqZ/gprtyJW//AaezCqgcGDufcy7lzwlQKQ5736vT1DwwODY+MlsbGJyanpmdmz02SaY5VnshEX4ZgUAqFVRIk8TLVCHEo8SK82en4F3eojUjUGbVSDGJoKhEJDmSloE74QCbKD/eP9tpX02Wv4hVw/xK/S8qsi+OrGWe+3kh4FqMiLsGYmu+lFOSgSXCJ7VI9M5gCv4Em1ixVEKMJ8uLqtrtklYYbJdo+RW6h/tzIITamFYd2Mga6Nr+9jvifV8so2gpyodKMUPHvoCiTLiVupwK3ITRyki1LgGthb3X5NWjgZIvqSVF4nz50KlopWJHYE2WiBkaQSfvpPaHhFJRpl2yP/u/W/pLz1Yq/UVk/WStv73YbHWELbJEtM59tsm12wI5ZlXF2yx7ZE3t2Xpw35935+B7tc7o7c6wHzucXui+tLw==</latexit>MGNF

<latexit sha1_base64="PVrmgE2ISp8+Y8SvYm1Vr3c70zA="></latexit>MCGNF
<latexit sha1_base64="MbZw95serFknYDbQ7AFjCbjdKjk=">AAACN3icbVDLSsNAFJ34rPX92LkJFsGFlER8LQuKuBBUtCq0QW6mNzo4mcSZG7WEfodb/Qw/xZU7cesfOI1dWPXAwOGcezl3TphKYcjzXp2BwaHhkdHSWHl8YnJqemZ27swkmeZY54lM9EUIBqVQWCdBEi9SjRCHEs/Dm52uf36H2ohEnVI7xSCGKyUiwYGsFDQJH8hE+d7h6UHncqbiVb0C7l/i90iF9XB0OessNFsJz2JUxCUY0/C9lIIcNAkusVNuZgZT4DdwhQ1LFcRogry4uuMuW6XlRom2T5FbqD83coiNacehnYyBrs1vryv+5zUyiraDXKg0I1T8OyjKpEuJ263AbQmNnGTbEuBa2Ftdfg0aONmi+lIU3qcP3YpWC1Yk9kWZqIURZNJ+ek9oOAFlOmXbo/+7tb/kbK3qb1Y3jtcrtd1eoyW2yJbYCvPZFquxfXbE6oyzW/bIntiz8+K8Oe/Ox/fogNPbmWd9cD6/ANFYrTw=</latexit>FOTL

<latexit sha1_base64="CTDKPoOm7q28K4FoU65F7PbkdJE=">AAACNnicbVDLSgNBEJz1bXwl6s3LYhA8SNgVfBwDinoRFE0iJEF6J706ODu7zPRqwpLf8Kqf4a948SZe/QQnaw5GLRgoqrqpngoSKQx53qszNj4xOTU9M1uYm19YXCqWlusmTjXHGo9lrK8CMCiFwhoJkniVaIQokNgI7g4GfuMetRGxuqRegu0IbpQIBQeyUqtF2CUTZqfHR/3rYtmreDncv8QfkjIb4uy65Ky2OjFPI1TEJRjT9L2E2hloElxiv9BKDSbA7+AGm5YqiNC0s/zovrthlY4bxto+RW6u/tzIIDKmFwV2MgK6Nb+9gfif10wp3G9nQiUpoeLfQWEqXYrdQQNuR2jkJHuWANfC3uryW9DAyfY0kqLwgbqDhrZylieORJmwgyGk0n76SGi4AGX6Bduj/7u1v6S+XfF3Kzvn2+Xq4bDRGbbG1tkm89keq7ITdsZqjLOEPbIn9uy8OG/Ou/PxPTrmDHdW2Aiczy8Ka6zd</latexit>MGF
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Temporal Monodic Guarded Fragments

temporal monodic
guarded fragment (MGF)

temporal monodic loosely
guarded fragment (MLGF)

<latexit sha1_base64="HHL6nXh57DoUW13833+i5sHFV3Y=">AAACHnicZVBNSwMxEM367fpV9eglWARPZVdQLx4KgvSoaFXoljLNzrah2WRNskJZ+l/EHyOCiOhJ/41pLWLtg4HHm3mZvGlnghsbBF/ezOzc/MLi0rK/srq2vlHa3Lo2KtcM60wJpW/bYFBwiXXLrcDbTCOkbYE37d7psH9zj9pwJa9sP8NmCh3JE87AOqlVOolsFyEuLKaZ0iBoqqSKOaOdHHSMMY0iepeDtL8emmjopCitGbRK5aASjECnSTgmZTLGeav0EsWK5UM3E2BMIwwy2yxAW84EDvwoN5gB60EHG45KSNE0i1HKAd1zSkwTpV1JS0eqP1KTXFCr6DAfjblGZkXfEWCau4cp64IGZt0V/i4oUughQyEm15okxgRy4b51xjVcgjQTA4VJUrDdge+79OH/rNPk+qASHlUOLw7K1dr4Dktkh+ySfRKSY1IlNXJO6oSRR/JM3smH9+A9ea/e28/ojDf2bJMJeJ/fyo2jeg==</latexit>

temporal monodic guarded
quantification fragments

<latexit sha1_base64="mYXwTsDN8QCVP6QdEtgzOnDxddE="></latexit>

temporal monodic
packed fragment (MPF)

<latexit sha1_base64="5dk3hwaCK3eqmKZ42mQ6s7Y7W9Q="></latexit>

temporal monodic clique-guarded
negation fragment (MCGNF)

<latexit sha1_base64="eoRNvSbpfCLIddoOn3jDpu8bO5I=">AAACGHicZVDLSgMxFM34dnxVXboJFsFVmSlYt4IgLhWtFjql3GbuTEMzyZBkBBn6I+LHiBsRXbnzb0zHLqw9EDice+7jZJALbmwQfHsLi0vLK6tr6/7G5tb2Tm13786oQjNsMyWU7gzAoOAS25ZbgZ1cI2QDgfeD0fmkfv+A2nAlb+1jjr0MUskTzsA6qV9rRXaIEJcWs1xpEDRTUsWc0bQAHWNMo4hKTCs3TTSkGUprxv1aPWgEFeg8CaekTqa46tc+olixYtLNBBjTDYPc9krQljOBYz8qDObARpBi11EJGZpeWeUb0yOnxDRR2j1paaX6lZoUglpFJ8lozDUyKx4dAaa5G0zZEDQw6/L/XVBmMEKGQsyuNUmMCRTCnXXBNdyANDOG0iQZ2OHY91368H/WeXLXbIStxsl1s352Of2HNXJADskxCckpOSOX5Iq0CSPP5JV8kE/vyXvx3rz3X+uCN+3ZJzPwvn4AnCSgtA==</latexit>

temporal monodic guarded
negation fragments

<latexit sha1_base64="bLsGuwQH0kJZW8t+t19MAHoFA14="></latexit>

temporal monodic guarded
negation fragment (MGNF)

<latexit sha1_base64="YGvSwyY1Q2Kf3nek1nAGoT020hI="></latexit>

temporal monodic unary
negation fragment (MUNF)

MLGF<latexit sha1_base64="ATZGYJSdI0sqE3gNjeLryZNBDNk=">AAACNnicbVDLSgNBEJz1GeP7cfOyGAQPEnYFH8eAErwIEY0KSZDeSa8Ozs4uM72asOQ3vOpn+CtevIlXP8HJmoNJLBgoqrqpngoSKQx53rszMTk1PTNbmCvOLywuLa+srl2ZONUc6zyWsb4JwKAUCuskSOJNohGiQOJ18HDc968fURsRq0vqJtiK4E6JUHAgKzWbhB0yYXZWq/ZuV0pe2cvhjhN/QEpsgNrtqrPRbMc8jVARl2BMw/cSamWgSXCJvWIzNZgAf4A7bFiqIELTyvKje+62VdpuGGv7FLm5+ncjg8iYbhTYyQjo3ox6ffE/r5FSeNTKhEpSQsV/g8JUuhS7/QbcttDISXYtAa6FvdXl96CBk+1pKEXhU9LpN7SbszxxKMqEbQwhlfbTVaHhApTpFW2P/mhr4+Rqr+wflPfP90qVk0GjBbbJttgO89khq7BTVmN1xlnCntkLe3XenA/n0/n6HZ1wBjvrbAjO9w8VHKze</latexit>MPF

<latexit sha1_base64="HHv7nSW4uJ1Z+DgXZZulIHEO8n8=">AAACN3icbVDLSsNAFJ34tr4fOzfBIriQkoivpaAUN4qiVaENcjO90cHJJM7caEvod7jVz/BTXLkTt/6B09iFVQ8MHM65l3PnhKkUhjzv1RkYHBoeGR0bL01MTk3PzM7Nn5sk0xxrPJGJvgzBoBQKayRI4mWqEeJQ4kV4u9f1L+5RG5GoM2qnGMRwrUQkOJCVggZhi0yUH9aOqp2r2bJX8Qq4f4nfI2XWw/HVnLPYaCY8i1ERl2BM3fdSCnLQJLjETqmRGUyB38I11i1VEKMJ8uLqjrtilaYbJdo+RW6h/tzIITamHYd2Mga6Mb+9rvifV88o2glyodKMUPHvoCiTLiVutwK3KTRykm1LgGthb3X5DWjgZIvqS1H4kLa6Fa0VrEjsizJREyPIpP10VWg4BWU6Jduj/7u1v+R8veJvVTZPNsq7+71Gx9gSW2arzGfbbJcdsGNWY5zdsUf2xJ6dF+fNeXc+vkcHnN7OAuuD8/kF0zutPQ==</latexit>MUNF <latexit sha1_base64="iq9TS6oFrgiuioxrdL7tWFsdPxw=">AAACN3icbVDLSsNAFJ34tr4fOzfBIriQkoivpaCoG0XRqtAGuZne1MHJJM7cqCX0O9zqZ/gprtyJW//AaezCqgcGDufcy7lzwlQKQ5736vT1DwwODY+MlsbGJyanpmdmz02SaY5VnshEX4ZgUAqFVRIk8TLVCHEo8SK82en4F3eojUjUGbVSDGJoKhEJDmSloE74QCbKD/eP9tpX02Wv4hVw/xK/S8qsi+OrGWe+3kh4FqMiLsGYmu+lFOSgSXCJ7VI9M5gCv4Em1ixVEKMJ8uLqtrtklYYbJdo+RW6h/tzIITamFYd2Mga6Nr+9jvifV8so2gpyodKMUPHvoCiTLiVupwK3ITRyki1LgGthb3X5NWjgZIvqSVF4nz50KlopWJHYE2WiBkaQSfvpPaHhFJRpl2yP/u/W/pLz1Yq/UVk/WStv73YbHWELbJEtM59tsm12wI5ZlXF2yx7ZE3t2Xpw35935+B7tc7o7c6wHzucXui+tLw==</latexit>MGNF

<latexit sha1_base64="bi96wT7H1rj5Y1KQzbSf5uVRIr8="></latexit>MCGNF
<latexit sha1_base64="MbZw95serFknYDbQ7AFjCbjdKjk=">AAACN3icbVDLSsNAFJ34rPX92LkJFsGFlER8LQuKuBBUtCq0QW6mNzo4mcSZG7WEfodb/Qw/xZU7cesfOI1dWPXAwOGcezl3TphKYcjzXp2BwaHhkdHSWHl8YnJqemZ27swkmeZY54lM9EUIBqVQWCdBEi9SjRCHEs/Dm52uf36H2ohEnVI7xSCGKyUiwYGsFDQJH8hE+d7h6UHncqbiVb0C7l/i90iF9XB0OessNFsJz2JUxCUY0/C9lIIcNAkusVNuZgZT4DdwhQ1LFcRogry4uuMuW6XlRom2T5FbqD83coiNacehnYyBrs1vryv+5zUyiraDXKg0I1T8OyjKpEuJ263AbQmNnGTbEuBa2Ftdfg0aONmi+lIU3qcP3YpWC1Yk9kWZqIURZNJ+ek9oOAFlOmXbo/+7tb/kbK3qb1Y3jtcrtd1eoyW2yJbYCvPZFquxfXbE6oyzW/bIntiz8+K8Oe/Ox/fogNPbmWd9cD6/ANFYrTw=</latexit>FOTL

<latexit sha1_base64="CTDKPoOm7q28K4FoU65F7PbkdJE=">AAACNnicbVDLSgNBEJz1bXwl6s3LYhA8SNgVfBwDinoRFE0iJEF6J706ODu7zPRqwpLf8Kqf4a948SZe/QQnaw5GLRgoqrqpngoSKQx53qszNj4xOTU9M1uYm19YXCqWlusmTjXHGo9lrK8CMCiFwhoJkniVaIQokNgI7g4GfuMetRGxuqRegu0IbpQIBQeyUqtF2CUTZqfHR/3rYtmreDncv8QfkjIb4uy65Ky2OjFPI1TEJRjT9L2E2hloElxiv9BKDSbA7+AGm5YqiNC0s/zovrthlY4bxto+RW6u/tzIIDKmFwV2MgK6Nb+9gfif10wp3G9nQiUpoeLfQWEqXYrdQQNuR2jkJHuWANfC3uryW9DAyfY0kqLwgbqDhrZylieORJmwgyGk0n76SGi4AGX6Bduj/7u1v6S+XfF3Kzvn2+Xq4bDRGbbG1tkm89keq7ITdsZqjLOEPbIn9uy8OG/Ou/PxPTrmDHdW2Aiczy8Ka6zd</latexit>MGF
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)

<latexit sha1_base64="e0WJhFq6sTZ6A5VXQTUwlKTXD40=">AAAB4XicdY/LSsNAFIYnXmu8VV26CRbBVUgqXlZaEMRli/YCbSknk5N26OTCzEQsoQ8gbkR05eO49Al8G6ephXbhDwMf/zlzzn+8hDOpHOfHWFpeWV1bL2yYm1vbO7vFvf2GjFNBsU5jHouWBxI5i7CumOLYSgRC6HFsesObSb35iEKyOHpQowS7IfQjFjAKSlu1p16x5NpOLsuxL2dQnsKsVLr+Os1V7RW/O35M0xAjRTlI2XadRHUzEIpRjmOzk0pMgA6hj22NEYQou1kedGwda8e3gljoFykrd83cDVJuqdiaRLR8JpAqPtIAVDA92KIDEECVPmR+QRbCEClyvrhWBj4GkHId65YJuIdILjRkMghBDcamOX/9/9Ao2+65fVZzS5UrMlWBHJIjckJcckEq5I5USZ1QguSFvJMPgxrPxqvxNm1dMv7+HJAFGZ+/uSWMJg==</latexit>x <latexit sha1_base64="LS1a43bBZOeXfdhYlge0khrqj10=">AAAB4XicdZDLSgMxFIYz9VbHS6suXLgJFsFVmSl4WYgUBHHZor1AW8ppeqYNzVxIMkIZ+gDiRkRXPoaP4RP4AG77DKathXbhD4GP/5zk/CedSHClHefbSq2srq1vpDftre2d3Ux2b7+qwlgyrLBQhLLeAYWCB1jRXAusRxLB7wisdQY3k3rtEaXiYfCghxG2fOgF3OMMtLHKw3Y25+adqaiTv5xDYQbzUq54OB5nrj5/Su3sV7MbstjHQDMBSjVcJ9KtBKTmTODIbsYKI2AD6GHDYAA+qlYyDTqiJ8bpUi+U5gSaTl176nqxoDqkk4i0yyUyLYYGgEluHqasDxKYNossDkh8GCBDIZbHKq+LHsTCxLrlEu4hUEsNifJ80P2RbS9u/z9UC3n3PH9WNt9wTWZKkyNyTE6JSy5IkdyREqkQRpA8kzfybjHryXqxXmetKevvzgFZkvXxCzITjgg=</latexit>y

<latexit sha1_base64="H01BvJHL8GPE3PBvsu9t30OZ2nQ=">AAAB4XicdY/LSsNAFIYnXmu8VV26CRbBVUgqXlZaEMRli/YCbSknk5N26OTCzESooQ8gbkR05eO49Al8G6ephXbhDwMf/zlzzn+8hDOpHOfHWFpeWV1bL2yYm1vbO7vFvf2GjFNBsU5jHouWBxI5i7CumOLYSgRC6HFsesObSb35iEKyOHpQowS7IfQjFjAKSlu1p16x5NpOLsuxL2dQnsKsVLr+Os1V7RW/O35M0xAjRTlI2XadRHUzEIpRjmOzk0pMgA6hj22NEYQou1kedGwda8e3gljoFykrd83cDVJuqdiaRLR8JpAqPtIAVDA92KIDEECVPmR+QRbCEClyvrhWBj4GkHId65YJuIdILjRkMghBDcamOX/9/9Ao2+65fVZzSpUrMlWBHJIjckJcckEq5I5USZ1QguSFvJMPgxrPxqvxNm1dMv7+HJAFGZ+/u8+MJw==</latexit>z

<latexit sha1_base64="+p8EqmTnnhiRCqZDBSNxuDWmsq8=">AAAB43icZVDLSgNBEJyNr7i+ooIXL4tB8BR2BfUaIqjHhJgHJCH0zvYmQ2YfzMwKYckXiBcRPfkJ/oU3v8CL3+Jkk4MxBQ1FdU931bgxZ1LZ9reRW1ldW9/Ib5pb2zu7e4X9g6aMEkGxQSMeibYLEjkLsaGY4tiOBULgcmy5o+tpv/WAQrIovFfjGHsBDELmMwpKS/XbvtMvFO2SncFaJs6cFMtHtR/2Ufms9gtfXS+iSYChohyk7Dh2rHopCMUox4nZTSTGQEcwwI6mIQQoe2lmdWKdasWz/EjoCpWVqWam+gm3VGRNTVoeE0gVH2sCVDC92KJDEECVjvL3QBrACClyvnhW+h76kHBt64YJqEMoFwZS6QeghhPT1Omd/1mXSfO85FyWLmr6Gypkhjw5JifkjDjkipTJHamSBqFkQJ7IK3kz0Hg0no2X2WjOmL85JAsw3n8BX6WN/g==</latexit>G�
<latexit sha1_base64="YCtWkxFHZV381hJCVdxzZGsyX0w=">AAAB43icZVDLSgNBEJyNr7i+ooIXL4tB8BR2A+o1RFCPCTEPSELone1Nhsw+mJkVwpIvEC8ievIT/AtvfoEXv8XJxoMxBQ1FdU931bgxZ1LZ9peRW1ldW9/Ib5pb2zu7e4X9g5aMEkGxSSMeiY4LEjkLsamY4tiJBULgcmy746tZv32PQrIovFOTGPsBDEPmMwpKS42bQXlQKNolO4O1TJxfUqwc1b/Ze/WjNih89ryIJgGGinKQsuvYseqnIBSjHKdmL5EYAx3DELuahhCg7KeZ1al1qhXP8iOhK1RWppqZ6ifcUpE1M2l5TCBVfKIJUMH0YouOQABVOsrfA2kAY6TI+eJZ6XvoQ8K1rWsmoAGhXBhIpR+AGk1NU6d3/mddJq1yybkondf1N1TJHHlyTE7IGXHIJamQW1IjTULJkDySF/JqoPFgPBnP89Gc8fvmkCzAePsBYSKN/w==</latexit>G�

<latexit sha1_base64="ZJZ+Ujq4ShpcshdCXYvWvSYBkdg=">AAAB43icZVDLSgNBEJz1GddXVPDiZTEInsKuol5DBPWYEPOAJITe2d5kyOyDmVkhLPkC8SKiJz/Bv/DmF3jxW5xscjCmoKGo7umuGjfmTCrb/jaWlldW19ZzG+bm1vbObn5vvyGjRFCs04hHouWCRM5CrCumOLZigRC4HJvu8HrSbz6gkCwK79Uoxm4A/ZD5jILSUu22d97LF+yincFaJM6MFEqH1R/2Uf6s9PJfHS+iSYChohykbDt2rLopCMUox7HZSSTGQIfQx7amIQQou2lmdWydaMWz/EjoCpWVqWam+gm3VGRNTFoeE0gVH2kCVDC92KIDEECVjvL3QBrAEClyPn9W+h76kHBt64YJqEEo5wZS6QegBmPT1Omd/1kXSeOs6FwWL6r6G8pkihw5IsfklDjkipTIHamQOqGkT57IK3kz0Hg0no2X6eiSMXtzQOZgvP8CYp+OAA==</latexit>G�
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)
2. G1(x, y) ∧ G2(x, z) ∧ y ≈ z ∧ ¬∃u. A(x, y, z,u)
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)
2. G1(x, y) ∧ G2(x, z) ∧ y ≈ z ∧ ¬∃u. A(x, y, z,u)

Equalities are allowed
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)
2. G1(x, y) ∧ G2(x, z) ∧ y ≈ z ∧ ¬∃u. A(x, y, z,u)
3. ∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)
2. G1(x, y) ∧ G2(x, z) ∧ y ≈ z ∧ ¬∃u. A(x, y, z,u)
3. ∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
4. ¬∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)
2. G1(x, y) ∧ G2(x, z) ∧ y ≈ z ∧ ¬∃u. A(x, y, z,u)
3. ∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
4. ¬∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
5. ©¬∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)
2. G1(x, y) ∧ G2(x, z) ∧ y ≈ z ∧ ¬∃u. A(x, y, z,u)
3. ∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
4. ¬∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
5. ©¬∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
6. ©¬∃x1...x4. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
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MCGNF

φ ::= R(x) | x ≈ y | ∃φ | φ ∧ φ | φ ∨ φ | G(x, y) ∧ ¬φ(y) | T φ

1. G1(x, y) ∧ G2(x, z) ∧ G3(y, z) ∧ ¬∃u. A(x, y, z,u)
2. G1(x, y) ∧ G2(x, z) ∧ y ≈ z ∧ ¬∃u. A(x, y, z,u)
3. ∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
4. ¬∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
5. ©¬∃x1...x5. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)
6. ©¬∃x1...x4. B1(x1, x2) ∧ B2(x2, x3) ∧ B3(x3, x4, x5)

Only in temporal monodic guarded negation fragments!
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Use Case: Coherence

y�
y�

<latexit sha1_base64="AuH2iECnqYFcOkM1zxdogJIpcgM=">AAAB43icZVDJSgNBEO2JWxy3aI5eBkPAU5hRXI4BQTxGYhYwIdT01CRNeha6e4Qw5OZNvIjoyd/x4hfoB/gFfoCdSQ7GPCh4vKqueq/dmDOpbPvTyC0tr6yu5dfNjc2t7Z3C7l5TRomg2KARj0TbBYmchdhQTHFsxwIhcDm23OHFpN+6QyFZFN6oUYzdAPoh8xkFpaX6qHfcK5Tsip3BWiTOjJSqxfL9z/v3V61X+Oh4EU0CDBXlIOWtY8eqm4JQjHIcm51EYgx0CH281TSEAGU3zayOrbJWPMuPhK5QWZlqZqqfcEtF1sSk5TGBVPGRJkAF04stOgABVOkofw+kAQyRIufzZ6XvoQ8J17YumYA6hHJuIJV+AGowNk2d3vmfdZE0jyrOaeXkWn/DOZkiT/bJATkkDjkjVXJFaqRBKOmTR/JCXg00Hown43k6mjNmb4pkDsbbL8CBjv0=</latexit>y�

x�
<latexit sha1_base64="a7blQtYCYLFfSVnofxpM47Nka0Q=">AAAB43icZVDLSgNBEJyNr7gajXr0shgCnsJuwMcxIASPkZgHJCH0zvYmQ2YfzMyKYckXiBcRPXn1Q7z6Bf6Nk00OxhQ0FNU93VXjxpxJZds/Rm5jc2t7J79r7u0XDg6LR8dtGSWCYotGPBJdFyRyFmJLMcWxGwuEwOXYcSc3837nAYVkUXivpjEOAhiFzGcUlJaaj8PqsFiyK3YGa504S1KqFb6Sct38bAyL330vokmAoaIcpOw5dqwGKQjFKMeZ2U8kxkAnMMKepiEEKAdpZnVmlbXiWX4kdIXKylQzU/2EWyqy5iYtjwmkik81ASqYXmzRMQigSkf5eyANYIIUOV89K30PfUi4tlVnApoQypWBVPoBqPHMNHV653/WddKuVpzLysWd/oZrskCenJIzck4cckVq5JY0SItQMiLP5I28G2g8GS/G62I0ZyzfnJAVGB+/VU2NJA==</latexit>x�

x�
<latexit sha1_base64="ZSFLIonC9U9nxkDTcishhBPUHho=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrCt1C0S7ZmaxFcGZQvPocV38eD8eVbuGr7UU0CTBUlIOULceOVScFoRjlODLbicQY6AB62NIYQoCyk2ZBR9axdjzLj4Q+obIy18xcP+GWiqxJRMtjAqniQw1ABdMfW7QPAqjSRf4uSAMYIEXO59dK30MfEq5j3TABdxDKuYFU+gGo/sg0dXvnf9dFqJ+WnPPSWdUuli/JVHlyQI7ICXHIBSmTW1IhNUIJkmfyRt4NajwZL8brdDRnzN7skzkZH79GQI4V</latexit>a a
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Use Case: Coherence

y�
y�

<latexit sha1_base64="AuH2iECnqYFcOkM1zxdogJIpcgM=">AAAB43icZVDJSgNBEO2JWxy3aI5eBkPAU5hRXI4BQTxGYhYwIdT01CRNeha6e4Qw5OZNvIjoyd/x4hfoB/gFfoCdSQ7GPCh4vKqueq/dmDOpbPvTyC0tr6yu5dfNjc2t7Z3C7l5TRomg2KARj0TbBYmchdhQTHFsxwIhcDm23OHFpN+6QyFZFN6oUYzdAPoh8xkFpaX6qHfcK5Tsip3BWiTOjJSqxfL9z/v3V61X+Oh4EU0CDBXlIOWtY8eqm4JQjHIcm51EYgx0CH281TSEAGU3zayOrbJWPMuPhK5QWZlqZqqfcEtF1sSk5TGBVPGRJkAF04stOgABVOkofw+kAQyRIufzZ6XvoQ8J17YumYA6hHJuIJV+AGowNk2d3vmfdZE0jyrOaeXkWn/DOZkiT/bJATkkDjkjVXJFaqRBKOmTR/JCXg00Hown43k6mjNmb4pkDsbbL8CBjv0=</latexit>y�

x�
<latexit sha1_base64="a7blQtYCYLFfSVnofxpM47Nka0Q=">AAAB43icZVDLSgNBEJyNr7gajXr0shgCnsJuwMcxIASPkZgHJCH0zvYmQ2YfzMyKYckXiBcRPXn1Q7z6Bf6Nk00OxhQ0FNU93VXjxpxJZds/Rm5jc2t7J79r7u0XDg6LR8dtGSWCYotGPBJdFyRyFmJLMcWxGwuEwOXYcSc3837nAYVkUXivpjEOAhiFzGcUlJaaj8PqsFiyK3YGa504S1KqFb6Sct38bAyL330vokmAoaIcpOw5dqwGKQjFKMeZ2U8kxkAnMMKepiEEKAdpZnVmlbXiWX4kdIXKylQzU/2EWyqy5iYtjwmkik81ASqYXmzRMQigSkf5eyANYIIUOV89K30PfUi4tlVnApoQypWBVPoBqPHMNHV653/WddKuVpzLysWd/oZrskCenJIzck4cckVq5JY0SItQMiLP5I28G2g8GS/G62I0ZyzfnJAVGB+/VU2NJA==</latexit>x�

x�
<latexit sha1_base64="ZSFLIonC9U9nxkDTcishhBPUHho=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrCt1C0S7ZmaxFcGZQvPocV38eD8eVbuGr7UU0CTBUlIOULceOVScFoRjlODLbicQY6AB62NIYQoCyk2ZBR9axdjzLj4Q+obIy18xcP+GWiqxJRMtjAqniQw1ABdMfW7QPAqjSRf4uSAMYIEXO59dK30MfEq5j3TABdxDKuYFU+gGo/sg0dXvnf9dFqJ+WnPPSWdUuli/JVHlyQI7ICXHIBSmTW1IhNUIJkmfyRt4NajwZL8brdDRnzN7skzkZH79GQI4V</latexit>a a

∃x1...3(connect(x1, x2) ∧ connect(x1, x3) ∧ connect(x1,a)
∧ connect(x2, x3) ∧ connect(x2,a) ∧ connect(x3,a)) →
©∃y1...3(connect(y1, y2) ∧ connect(y1, y3) ∧ connect(y2, y3)∧
connect(a, y2) ∧ ¬connect(a, y1) ∧ ¬connect(a, y3))
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Use Case: Shape Formation

<latexit sha1_base64="NQQOWJAxqGcUqmKiy6WNq22taHY=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrCt1C0S7ZmaxFcGZQvPocV38eD8eVbuGr7UU0CTBUlIOULceOVScFoRjlODLbicQY6AB62NIYQoCyk2ZBR9axdjzLj4Q+obIy18xcP+GWiqxJRMtjAqniQw1ABdMfW7QPAqjSRf4uSAMYIEXO59dK30MfEq5j3TABdxDKuYFU+gGo/sg0dXvnf9dFqJ+WnPPSWdUpli/JVHlyQI7ICXHIBSmTW1IhNUIJkmfyRt4NajwZL8brdDRnzN7skzkZH79GkI4W</latexit>a
<latexit sha1_base64="KxBCuy0sKwoCir3IMvsCeSxrl18=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmr6nYLRbtkZ7IWwZlB8epzXP15PBxXuoWvthfRJMBQUQ5Sthw7Vp0UhGKU48hsJxJjoAPoYUtjCAHKTpoFHVnH2vEsPxL6hMrKXDNz/YRbKrImES2PCaSKDzUAFUx/bNE+CKBKF/m7IA1ggBQ5n18rfQ99SLiOdcME3EEo5wZS6Qeg+iPT1O2d/10XoX5acs5LZ1W7WL4kU+XJATkiJ8QhF6RMbkmF1AglSJ7JG3k3qPFkvBiv09GcMXuzT+ZkfPwCR72OFg==</latexit>

b <latexit sha1_base64="Qay0UIzU7UAkGMW3oeAULlB8fM8=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrSruFol2yM1mL4MygePU5rv48Ho4r3cJX24toEmCoKAcpW44dq04KQjHKcWS2E4kx0AH0sKUxhABlJ82Cjqxj7XiWHwl9QmVlrpm5fsItFVmTiJbHBFLFhxqACqY/tmgfBFCli/xdkAYwQIqcz6+Vvoc+JFzHumEC7iCUcwOp9ANQ/ZFp6vbO/66LUD8tOeels6pdLF+SqfLkgByRE+KQC1Imt6RCaoQSJM/kjbwb1HgyXozX6WjOmL3ZJ3MyPn4BSTqOFw==</latexit>c <latexit sha1_base64="1swBZw4QDRBZ1Y4DZtoutOkv4t0=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmr6nULRbtkZ7IWwZlB8epzXP15PBxXuoWvthfRJMBQUQ5Sthw7Vp0UhGKU48hsJxJjoAPoYUtjCAHKTpoFHVnH2vEsPxL6hMrKXDNz/YRbKrImES2PCaSKDzUAFUx/bNE+CKBKF/m7IA1ggBQ5n18rfQ99SLiOdcME3EEo5wZS6Qeg+iPT1O2d/10XoX5acs5LZ1WnWL4kU+XJATkiJ8QhF6RMbkmF1AglSJ7JG3k3qPFkvBiv09GcMXuzT+ZkfPwCSweOGQ==</latexit>

d

<latexit sha1_base64="NQQOWJAxqGcUqmKiy6WNq22taHY=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrCt1C0S7ZmaxFcGZQvPocV38eD8eVbuGr7UU0CTBUlIOULceOVScFoRjlODLbicQY6AB62NIYQoCyk2ZBR9axdjzLj4Q+obIy18xcP+GWiqxJRMtjAqniQw1ABdMfW7QPAqjSRf4uSAMYIEXO59dK30MfEq5j3TABdxDKuYFU+gGo/sg0dXvnf9dFqJ+WnPPSWdUpli/JVHlyQI7ICXHIBSmTW1IhNUIJkmfyRt4NajwZL8brdDRnzN7skzkZH79GkI4W</latexit>a b

<latexit sha1_base64="Qay0UIzU7UAkGMW3oeAULlB8fM8=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrSruFol2yM1mL4MygePU5rv48Ho4r3cJX24toEmCoKAcpW44dq04KQjHKcWS2E4kx0AH0sKUxhABlJ82Cjqxj7XiWHwl9QmVlrpm5fsItFVmTiJbHBFLFhxqACqY/tmgfBFCli/xdkAYwQIqcz6+Vvoc+JFzHumEC7iCUcwOp9ANQ/ZFp6vbO/66LUD8tOeels6pdLF+SqfLkgByRE+KQC1Imt6RCaoQSJM/kjbwb1HgyXozX6WjOmL3ZJ3MyPn4BSTqOFw==</latexit>c
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Use Case: Shape Formation

<latexit sha1_base64="NQQOWJAxqGcUqmKiy6WNq22taHY=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrCt1C0S7ZmaxFcGZQvPocV38eD8eVbuGr7UU0CTBUlIOULceOVScFoRjlODLbicQY6AB62NIYQoCyk2ZBR9axdjzLj4Q+obIy18xcP+GWiqxJRMtjAqniQw1ABdMfW7QPAqjSRf4uSAMYIEXO59dK30MfEq5j3TABdxDKuYFU+gGo/sg0dXvnf9dFqJ+WnPPSWdUpli/JVHlyQI7ICXHIBSmTW1IhNUIJkmfyRt4NajwZL8brdDRnzN7skzkZH79GkI4W</latexit>a
<latexit sha1_base64="KxBCuy0sKwoCir3IMvsCeSxrl18=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmr6nYLRbtkZ7IWwZlB8epzXP15PBxXuoWvthfRJMBQUQ5Sthw7Vp0UhGKU48hsJxJjoAPoYUtjCAHKTpoFHVnH2vEsPxL6hMrKXDNz/YRbKrImES2PCaSKDzUAFUx/bNE+CKBKF/m7IA1ggBQ5n18rfQ99SLiOdcME3EEo5wZS6Qeg+iPT1O2d/10XoX5acs5LZ1W7WL4kU+XJATkiJ8QhF6RMbkmF1AglSJ7JG3k3qPFkvBiv09GcMXuzT+ZkfPwCR72OFg==</latexit>

b <latexit sha1_base64="Qay0UIzU7UAkGMW3oeAULlB8fM8=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrSruFol2yM1mL4MygePU5rv48Ho4r3cJX24toEmCoKAcpW44dq04KQjHKcWS2E4kx0AH0sKUxhABlJ82Cjqxj7XiWHwl9QmVlrpm5fsItFVmTiJbHBFLFhxqACqY/tmgfBFCli/xdkAYwQIqcz6+Vvoc+JFzHumEC7iCUcwOp9ANQ/ZFp6vbO/66LUD8tOeels6pdLF+SqfLkgByRE+KQC1Imt6RCaoQSJM/kjbwb1HgyXozX6WjOmL3ZJ3MyPn4BSTqOFw==</latexit>c <latexit sha1_base64="1swBZw4QDRBZ1Y4DZtoutOkv4t0=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmr6nULRbtkZ7IWwZlB8epzXP15PBxXuoWvthfRJMBQUQ5Sthw7Vp0UhGKU48hsJxJjoAPoYUtjCAHKTpoFHVnH2vEsPxL6hMrKXDNz/YRbKrImES2PCaSKDzUAFUx/bNE+CKBKF/m7IA1ggBQ5n18rfQ99SLiOdcME3EEo5wZS6Qeg+iPT1O2d/10XoX5acs5LZ1WnWL4kU+XJATkiJ8QhF6RMbkmF1AglSJ7JG3k3qPFkvBiv09GcMXuzT+ZkfPwCSweOGQ==</latexit>

d

<latexit sha1_base64="NQQOWJAxqGcUqmKiy6WNq22taHY=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrCt1C0S7ZmaxFcGZQvPocV38eD8eVbuGr7UU0CTBUlIOULceOVScFoRjlODLbicQY6AB62NIYQoCyk2ZBR9axdjzLj4Q+obIy18xcP+GWiqxJRMtjAqniQw1ABdMfW7QPAqjSRf4uSAMYIEXO59dK30MfEq5j3TABdxDKuYFU+gGo/sg0dXvnf9dFqJ+WnPPSWdUpli/JVHlyQI7ICXHIBSmTW1IhNUIJkmfyRt4NajwZL8brdDRnzN7skzkZH79GkI4W</latexit>a b

<latexit sha1_base64="Qay0UIzU7UAkGMW3oeAULlB8fM8=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrSruFol2yM1mL4MygePU5rv48Ho4r3cJX24toEmCoKAcpW44dq04KQjHKcWS2E4kx0AH0sKUxhABlJ82Cjqxj7XiWHwl9QmVlrpm5fsItFVmTiJbHBFLFhxqACqY/tmgfBFCli/xdkAYwQIqcz6+Vvoc+JFzHumEC7iCUcwOp9ANQ/ZFp6vbO/66LUD8tOeels6pdLF+SqfLkgByRE+KQC1Imt6RCaoQSJM/kjbwb1HgyXozX6WjOmL3ZJ3MyPn4BSTqOFw==</latexit>c

adjacent(a,b) ∧ adjacent(b, c)∧
¬∃x(adjacent(x,b) ∧ x ∕≈ a ∧ x ∕≈ c)∧
¬∃x(adjacent(x,a) ∧ x ∕≈ b)∧
¬∃x(adjacent(x, c) ∧ x ∕≈ b)
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Use Case: Shape Formation

<latexit sha1_base64="NQQOWJAxqGcUqmKiy6WNq22taHY=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrCt1C0S7ZmaxFcGZQvPocV38eD8eVbuGr7UU0CTBUlIOULceOVScFoRjlODLbicQY6AB62NIYQoCyk2ZBR9axdjzLj4Q+obIy18xcP+GWiqxJRMtjAqniQw1ABdMfW7QPAqjSRf4uSAMYIEXO59dK30MfEq5j3TABdxDKuYFU+gGo/sg0dXvnf9dFqJ+WnPPSWdUpli/JVHlyQI7ICXHIBSmTW1IhNUIJkmfyRt4NajwZL8brdDRnzN7skzkZH79GkI4W</latexit>a
<latexit sha1_base64="KxBCuy0sKwoCir3IMvsCeSxrl18=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmr6nYLRbtkZ7IWwZlB8epzXP15PBxXuoWvthfRJMBQUQ5Sthw7Vp0UhGKU48hsJxJjoAPoYUtjCAHKTpoFHVnH2vEsPxL6hMrKXDNz/YRbKrImES2PCaSKDzUAFUx/bNE+CKBKF/m7IA1ggBQ5n18rfQ99SLiOdcME3EEo5wZS6Qeg+iPT1O2d/10XoX5acs5LZ1W7WL4kU+XJATkiJ8QhF6RMbkmF1AglSJ7JG3k3qPFkvBiv09GcMXuzT+ZkfPwCR72OFg==</latexit>

b <latexit sha1_base64="Qay0UIzU7UAkGMW3oeAULlB8fM8=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrSruFol2yM1mL4MygePU5rv48Ho4r3cJX24toEmCoKAcpW44dq04KQjHKcWS2E4kx0AH0sKUxhABlJ82Cjqxj7XiWHwl9QmVlrpm5fsItFVmTiJbHBFLFhxqACqY/tmgfBFCli/xdkAYwQIqcz6+Vvoc+JFzHumEC7iCUcwOp9ANQ/ZFp6vbO/66LUD8tOeels6pdLF+SqfLkgByRE+KQC1Imt6RCaoQSJM/kjbwb1HgyXozX6WjOmL3ZJ3MyPn4BSTqOFw==</latexit>c <latexit sha1_base64="1swBZw4QDRBZ1Y4DZtoutOkv4t0=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmr6nULRbtkZ7IWwZlB8epzXP15PBxXuoWvthfRJMBQUQ5Sthw7Vp0UhGKU48hsJxJjoAPoYUtjCAHKTpoFHVnH2vEsPxL6hMrKXDNz/YRbKrImES2PCaSKDzUAFUx/bNE+CKBKF/m7IA1ggBQ5n18rfQ99SLiOdcME3EEo5wZS6Qeg+iPT1O2d/10XoX5acs5LZ1WnWL4kU+XJATkiJ8QhF6RMbkmF1AglSJ7JG3k3qPFkvBiv09GcMXuzT+ZkfPwCSweOGQ==</latexit>

d

<latexit sha1_base64="NQQOWJAxqGcUqmKiy6WNq22taHY=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrCt1C0S7ZmaxFcGZQvPocV38eD8eVbuGr7UU0CTBUlIOULceOVScFoRjlODLbicQY6AB62NIYQoCyk2ZBR9axdjzLj4Q+obIy18xcP+GWiqxJRMtjAqniQw1ABdMfW7QPAqjSRf4uSAMYIEXO59dK30MfEq5j3TABdxDKuYFU+gGo/sg0dXvnf9dFqJ+WnPPSWdUpli/JVHlyQI7ICXHIBSmTW1IhNUIJkmfyRt4NajwZL8brdDRnzN7skzkZH79GkI4W</latexit>a b

<latexit sha1_base64="Qay0UIzU7UAkGMW3oeAULlB8fM8=">AAAB4XicZY/LSsNAFIYn9VbjrepSkGARXJVE8LKzIIjLFu0F2lJOJift0MmFmYlQQpcuxI2IrnyRrnwBn8Bn8CWcpl1Y+8PAxz9n5vy/G3MmlW1/G7ml5ZXVtfy6ubG5tb1T2N2ryygRFGs04pFouiCRsxBriimOzVggBC7Hhju4ntw3HlBIFoX3ahhjJ4BeyHxGQWmrSruFol2yM1mL4MygePU5rv48Ho4r3cJX24toEmCoKAcpW44dq04KQjHKcWS2E4kx0AH0sKUxhABlJ82Cjqxj7XiWHwl9QmVlrpm5fsItFVmTiJbHBFLFhxqACqY/tmgfBFCli/xdkAYwQIqcz6+Vvoc+JFzHumEC7iCUcwOp9ANQ/ZFp6vbO/66LUD8tOeels6pdLF+SqfLkgByRE+KQC1Imt6RCaoQSJM/kjbwb1HgyXozX6WjOmL3ZJ3MyPn4BSTqOFw==</latexit>c

adjacent(a,b) ∧ adjacent(b, c)∧
adjacent(c,d) ∧ adjacent(d,a)∧
¬∃x(adjacent(x,a) ∧ x ∕≈ b ∧ x ∕≈ d)∧
¬∃x(adjacent(x,b) ∧ x ∕≈ a ∧ x ∕≈ c)∧
¬∃x(adjacent(x, c) ∧ x ∕≈ b ∧ x ∕≈ d)∧
¬∃x(adjacent(x,d) ∧ x ∕≈ a ∧ x ∕≈ c)
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• MCGNF is potentially useful in swarm verication
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Conclusions and Future Work

• MCGNF is potentially useful in swarm verication

• Verifying swarm coherence algorithms
• Avoid constants
• Investigating more use cases
• Practical decision procedures for MCGNF

• First-order (temporal) theorem provers
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Thank you. Questions?
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