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Research Objective

Objective

Existing work in cheminformatics discusses the notion of ‘chemical

space’ to describe all possible organic molecules to be considered when

searching for new drugs [RA12].

We want to provide ontological foundations for chemical space,

where the central idea is that chemical space is characterized by the

shape and structure of molecules.
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Chemical Space: Scaffold Tree in [Koc+05]

Figure 1: Scaffold Tree for Natural Products (Figure 1 in [Koc+05])
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What do we mean by shape?
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Figure 2: 2D Shapes (Polygons) & Molecules
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Figure 3: 3D Shapes (Polyhedra) & Molecules
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Example: Morphine (C17H19NO3)
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Figure 4: Morphine (C17H19NO3)
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Current Approaches to Represent Molecular Shape

N

OH O OH

Chemical name [Nat15]:

Morphine; Morphinum; Morphia; Morphium; Morphin

IUPAC name:

(4R,4aR,7S,7aR,12bS)-3-methyl-2,4,4a,7,7a,13-hexahydro-1H-4,12-

methanobenzofuro[3,2-e]isoquinoline-7,9-diol

SMILES:

CN1CC[C@]23C4=C5C=CC(O)=C4O[C@H]2[C@@H](O)C=C[C@H]3[C@H]1C5

InChI identifier:

InChI=1S/C17H19NO3/c1-18-7-6-17-10-3-5-13(20)16(17)21-15-12(19)4-2-9

(14(15)17)8-11(10)18/h2-5,10-11,13,16,19-20H,6-8H2,1H3/t10-,11+,13-,

16-,17-/m0/s1

InChI key: BQJCRHHNABKAKU-KBQPJGBKSA-N
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Overview of Contributions

To navigate and characterize chemical space, the following contributions

have been made:

1. Design, Verification, and Validation of MoSt

2. New Techniques for Designing Molecules via Model Construction

3. An Alternative Approach to Navigating Chemical Space
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1. Design, Verification, and

Validation of MoSt
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Requirements for the Ontology & Its Models

Requirements & Semantic Conditions for Representing Shape

• Molecules must be represented as graphs

• Components of molecules must be elements of the domain

• Attachments between functional groups (spiro, tether, fusion) must

also be represented

Requirements for the Models of the Ontology

• 1-to-1 correspondence of models of MoSt with molecules

• Intended models of the ontology are molecules

• Unintended models of the ontology are not molecules
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Axiomatization of MoSt

most_group
functional groups and their properties

(rings, chains)

most_graph
chemical graph theory

atoms and bonds

most_attachment
how are groups attached together?

- multiple fusion
- unique spiro
- unique tether

most_betweenness
semilinear betweenness

(spanning tree)

most_skeleton
skeletons are composed 
of combination of groups

most_ringbond
how do we associate MoSt with 

graph theory?
simple cycles are rings

all remaining paths are chains

most_bridges
how do we handle bridges?

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Hmolecular graph
<latexit sha1_base64="/eAE814brf6HuwHTpcIZwfUe1M8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6EoKbrqsYB/QxDCZTtqhM5kwMxFKyMqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKE0Zh0NNWM9BNJEA8Z6YWTm8LvPRCpqIjv9DQhPkejmEYUI22kwD72ONLjMMxa+X3GBSM4ZUh6wUiiZJwHdt1pODPAZeKWpA5KtAP7yxsKnHISa8yQUgPXSbSfIakpZiSveakiCcITNCIDQ2PEifKz2Rs5PDXKEEZCmoo1nKm/JzLElZry0HQWR6tFrxD/8wapjq78jMZJqkmM54uilEEtYJEJHFJJsGZTQxCW1NwK8RhJhLVJrmZCcBdfXibd84brNNzbi3rzuoyjCo7ACTgDLrgETdACbdABGDyCZ/AK3qwn68V6tz7mrRWrnDkEf2B9/gB0s5m6</latexit><latexit sha1_base64="/eAE814brf6HuwHTpcIZwfUe1M8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6EoKbrqsYB/QxDCZTtqhM5kwMxFKyMqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKE0Zh0NNWM9BNJEA8Z6YWTm8LvPRCpqIjv9DQhPkejmEYUI22kwD72ONLjMMxa+X3GBSM4ZUh6wUiiZJwHdt1pODPAZeKWpA5KtAP7yxsKnHISa8yQUgPXSbSfIakpZiSveakiCcITNCIDQ2PEifKz2Rs5PDXKEEZCmoo1nKm/JzLElZry0HQWR6tFrxD/8wapjq78jMZJqkmM54uilEEtYJEJHFJJsGZTQxCW1NwK8RhJhLVJrmZCcBdfXibd84brNNzbi3rzuoyjCo7ACTgDLrgETdACbdABGDyCZ/AK3qwn68V6tz7mrRWrnDkEf2B9/gB0s5m6</latexit><latexit sha1_base64="/eAE814brf6HuwHTpcIZwfUe1M8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6EoKbrqsYB/QxDCZTtqhM5kwMxFKyMqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKE0Zh0NNWM9BNJEA8Z6YWTm8LvPRCpqIjv9DQhPkejmEYUI22kwD72ONLjMMxa+X3GBSM4ZUh6wUiiZJwHdt1pODPAZeKWpA5KtAP7yxsKnHISa8yQUgPXSbSfIakpZiSveakiCcITNCIDQ2PEifKz2Rs5PDXKEEZCmoo1nKm/JzLElZry0HQWR6tFrxD/8wapjq78jMZJqkmM54uilEEtYJEJHFJJsGZTQxCW1NwK8RhJhLVJrmZCcBdfXibd84brNNzbi3rzuoyjCo7ACTgDLrgETdACbdABGDyCZ/AK3qwn68V6tz7mrRWrnDkEf2B9/gB0s5m6</latexit><latexit sha1_base64="/eAE814brf6HuwHTpcIZwfUe1M8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6EoKbrqsYB/QxDCZTtqhM5kwMxFKyMqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HtPmDCqtON8W5WV1bX1jepmbWt7Z3fP3j/oKpFKTDpYMCH7IVKE0Zh0NNWM9BNJEA8Z6YWTm8LvPRCpqIjv9DQhPkejmEYUI22kwD72ONLjMMxa+X3GBSM4ZUh6wUiiZJwHdt1pODPAZeKWpA5KtAP7yxsKnHISa8yQUgPXSbSfIakpZiSveakiCcITNCIDQ2PEifKz2Rs5PDXKEEZCmoo1nKm/JzLElZry0HQWR6tFrxD/8wapjq78jMZJqkmM54uilEEtYJEJHFJJsGZTQxCW1NwK8RhJhLVJrmZCcBdfXibd84brNNzbi3rzuoyjCo7ACTgDLrgETdACbdABGDyCZ/AK3qwn68V6tz7mrRWrnDkEf2B9/gB0s5m6</latexit>

Hmost
<latexit sha1_base64="b2AknnFnUkDPdA5FnPDhWODvNGw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIoCspuOmygn1AO5ZMmmlD8xiSjFLG+RQ3LhRx65e482/MtLPQ1gOBwzn3ck9OGDOqjed9O6W19Y3NrfJ2ZWd3b//ArR52tEwUJm0smVS9EGnCqCBtQw0jvVgRxENGuuH0Jve7D0RpKsWdmcUk4GgsaEQxMlYautUBR2YShmkzu0+51CYbujWv7s0BV4lfkBoo0Bq6X4ORxAknwmCGtO77XmyCFClDMSNZZZBoEiM8RWPSt1QgTnSQzqNn8NQqIxhJZZ8wcK7+3kgR13rGQzuZB9XLXi7+5/UTE10FKRVxYojAi0NRwqCRMO8Bjqgi2LCZJQgrarNCPEEKYWPbqtgS/OUvr5LOed336v7tRa1xXdRRBsfgBJwBH1yCBmiCFmgDDB7BM3gFb86T8+K8Ox+L0ZJT7ByBP3A+fwD/SpR0</latexit><latexit sha1_base64="b2AknnFnUkDPdA5FnPDhWODvNGw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIoCspuOmygn1AO5ZMmmlD8xiSjFLG+RQ3LhRx65e482/MtLPQ1gOBwzn3ck9OGDOqjed9O6W19Y3NrfJ2ZWd3b//ArR52tEwUJm0smVS9EGnCqCBtQw0jvVgRxENGuuH0Jve7D0RpKsWdmcUk4GgsaEQxMlYautUBR2YShmkzu0+51CYbujWv7s0BV4lfkBoo0Bq6X4ORxAknwmCGtO77XmyCFClDMSNZZZBoEiM8RWPSt1QgTnSQzqNn8NQqIxhJZZ8wcK7+3kgR13rGQzuZB9XLXi7+5/UTE10FKRVxYojAi0NRwqCRMO8Bjqgi2LCZJQgrarNCPEEKYWPbqtgS/OUvr5LOed336v7tRa1xXdRRBsfgBJwBH1yCBmiCFmgDDB7BM3gFb86T8+K8Ox+L0ZJT7ByBP3A+fwD/SpR0</latexit><latexit sha1_base64="b2AknnFnUkDPdA5FnPDhWODvNGw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIoCspuOmygn1AO5ZMmmlD8xiSjFLG+RQ3LhRx65e482/MtLPQ1gOBwzn3ck9OGDOqjed9O6W19Y3NrfJ2ZWd3b//ArR52tEwUJm0smVS9EGnCqCBtQw0jvVgRxENGuuH0Jve7D0RpKsWdmcUk4GgsaEQxMlYautUBR2YShmkzu0+51CYbujWv7s0BV4lfkBoo0Bq6X4ORxAknwmCGtO77XmyCFClDMSNZZZBoEiM8RWPSt1QgTnSQzqNn8NQqIxhJZZ8wcK7+3kgR13rGQzuZB9XLXi7+5/UTE10FKRVxYojAi0NRwqCRMO8Bjqgi2LCZJQgrarNCPEEKYWPbqtgS/OUvr5LOed336v7tRa1xXdRRBsfgBJwBH1yCBmiCFmgDDB7BM3gFb86T8+K8Ox+L0ZJT7ByBP3A+fwD/SpR0</latexit><latexit sha1_base64="b2AknnFnUkDPdA5FnPDhWODvNGw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIoCspuOmygn1AO5ZMmmlD8xiSjFLG+RQ3LhRx65e482/MtLPQ1gOBwzn3ck9OGDOqjed9O6W19Y3NrfJ2ZWd3b//ArR52tEwUJm0smVS9EGnCqCBtQw0jvVgRxENGuuH0Jve7D0RpKsWdmcUk4GgsaEQxMlYautUBR2YShmkzu0+51CYbujWv7s0BV4lfkBoo0Bq6X4ORxAknwmCGtO77XmyCFClDMSNZZZBoEiM8RWPSt1QgTnSQzqNn8NQqIxhJZZ8wcK7+3kgR13rGQzuZB9XLXi7+5/UTE10FKRVxYojAi0NRwqCRMO8Bjqgi2LCZJQgrarNCPEEKYWPbqtgS/OUvr5LOed336v7tRa1xXdRRBsfgBJwBH1yCBmiCFmgDDB7BM3gFb86T8+K8Ox+L0ZJT7ByBP3A+fwD/SpR0</latexit>
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Figure 5: Axiomatization of MoSt (by chapter)
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Verification of MoSt

• Verification results show that models of MoSt are synonymous with

tripartite incidence structures found in COLORE

• We inherit techniques for building and decomposing models from

the mathematical incidence theories

Legend

Conservative 
Extension

Non-Conservative 
Extension

Definitional 
Extension

Definably 
Equivalent

Tmost graph
<latexit sha1_base64="zymXPeKYaf/s4N0+05nXjHJXPqM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh4LXjxW6Be0IWy2m3bpbjbsboQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+wWHVPTruaJkpQttEcql6EdaUs4S2DTOc9lJFsYg47UaTu7nffaRKM5m0zDSlgcCjhMWMYGOl0K22wlxIbQbhSOF0PAvdmlf3FkDrxC9IDQo0Q/drMJQkEzQxhGOt+76XmiDHyjDC6awyyDRNMZngEe1bmmBBdZAvDp+hc6sMUSyVrcSghfp7IsdC66mIbKfAZqxXvbn4n9fPTHwb5CxJM0MTslwUZxwZieYpoCFTlBg+tQQTxeytiIyxwsTYrCo2BH/15XXSuaz7Xt1/uKo1ros4ynAKZ3ABPtxAA+6hCW0gkMEzvMKb8+S8OO/Ox7K15BQzJ/AHzucPRpOTcA==</latexit><latexit sha1_base64="zymXPeKYaf/s4N0+05nXjHJXPqM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh4LXjxW6Be0IWy2m3bpbjbsboQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+wWHVPTruaJkpQttEcql6EdaUs4S2DTOc9lJFsYg47UaTu7nffaRKM5m0zDSlgcCjhMWMYGOl0K22wlxIbQbhSOF0PAvdmlf3FkDrxC9IDQo0Q/drMJQkEzQxhGOt+76XmiDHyjDC6awyyDRNMZngEe1bmmBBdZAvDp+hc6sMUSyVrcSghfp7IsdC66mIbKfAZqxXvbn4n9fPTHwb5CxJM0MTslwUZxwZieYpoCFTlBg+tQQTxeytiIyxwsTYrCo2BH/15XXSuaz7Xt1/uKo1ros4ynAKZ3ABPtxAA+6hCW0gkMEzvMKb8+S8OO/Ox7K15BQzJ/AHzucPRpOTcA==</latexit><latexit sha1_base64="zymXPeKYaf/s4N0+05nXjHJXPqM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh4LXjxW6Be0IWy2m3bpbjbsboQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+wWHVPTruaJkpQttEcql6EdaUs4S2DTOc9lJFsYg47UaTu7nffaRKM5m0zDSlgcCjhMWMYGOl0K22wlxIbQbhSOF0PAvdmlf3FkDrxC9IDQo0Q/drMJQkEzQxhGOt+76XmiDHyjDC6awyyDRNMZngEe1bmmBBdZAvDp+hc6sMUSyVrcSghfp7IsdC66mIbKfAZqxXvbn4n9fPTHwb5CxJM0MTslwUZxwZieYpoCFTlBg+tQQTxeytiIyxwsTYrCo2BH/15XXSuaz7Xt1/uKo1ros4ynAKZ3ABPtxAA+6hCW0gkMEzvMKb8+S8OO/Ox7K15BQzJ/AHzucPRpOTcA==</latexit><latexit sha1_base64="zymXPeKYaf/s4N0+05nXjHJXPqM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh4LXjxW6Be0IWy2m3bpbjbsboQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8KOVMG8/7dkobm1vbO+Xdyt7+wWHVPTruaJkpQttEcql6EdaUs4S2DTOc9lJFsYg47UaTu7nffaRKM5m0zDSlgcCjhMWMYGOl0K22wlxIbQbhSOF0PAvdmlf3FkDrxC9IDQo0Q/drMJQkEzQxhGOt+76XmiDHyjDC6awyyDRNMZngEe1bmmBBdZAvDp+hc6sMUSyVrcSghfp7IsdC66mIbKfAZqxXvbn4n9fPTHwb5CxJM0MTslwUZxwZieYpoCFTlBg+tQQTxeytiIyxwsTYrCo2BH/15XXSuaz7Xt1/uKo1ros4ynAKZ3ABPtxAA+6hCW0gkMEzvMKb8+S8OO/Ox7K15BQzJ/AHzucPRpOTcA==</latexit>

Tmost group
<latexit sha1_base64="PAAKjxN/S9hDl/GOV9eg4uVu77E=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjoh4DXjxGyAbJMPR0epImvQy9CHHIl3jxoIhXP8Wbf2MnmYMmPih4vFdFVb0kY1SbIPj2ShubW9s75d3K3v7BYdU/Ou5oaRUmbSyZVL0EacKoIG1DDSO9TBHEE0a6yeRu7ncfidJUipaZZiTiaCRoSjEyTor9aivOudRmEI+UtNks9mtBPVgArpOwIDVQoBn7X4OhxJYTYTBDWvfDIDNRjpShmJFZZWA1yRCeoBHpOyoQJzrKF4fP4LlThjCVypUwcKH+nsgR13rKE9fJkRnrVW8u/uf1rUlvo5yKzBoi8HJRahk0Es5TgEOqCDZs6gjCirpbIR4jhbBxWVVcCOHqy+ukc1kPg3r4cFVrXBdxlMEpOAMXIAQ3oAHuQRO0AQYWPINX8OY9eS/eu/exbC15xcwJ+APv8wdvu5OL</latexit><latexit sha1_base64="PAAKjxN/S9hDl/GOV9eg4uVu77E=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjoh4DXjxGyAbJMPR0epImvQy9CHHIl3jxoIhXP8Wbf2MnmYMmPih4vFdFVb0kY1SbIPj2ShubW9s75d3K3v7BYdU/Ou5oaRUmbSyZVL0EacKoIG1DDSO9TBHEE0a6yeRu7ncfidJUipaZZiTiaCRoSjEyTor9aivOudRmEI+UtNks9mtBPVgArpOwIDVQoBn7X4OhxJYTYTBDWvfDIDNRjpShmJFZZWA1yRCeoBHpOyoQJzrKF4fP4LlThjCVypUwcKH+nsgR13rKE9fJkRnrVW8u/uf1rUlvo5yKzBoi8HJRahk0Es5TgEOqCDZs6gjCirpbIR4jhbBxWVVcCOHqy+ukc1kPg3r4cFVrXBdxlMEpOAMXIAQ3oAHuQRO0AQYWPINX8OY9eS/eu/exbC15xcwJ+APv8wdvu5OL</latexit><latexit sha1_base64="PAAKjxN/S9hDl/GOV9eg4uVu77E=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjoh4DXjxGyAbJMPR0epImvQy9CHHIl3jxoIhXP8Wbf2MnmYMmPih4vFdFVb0kY1SbIPj2ShubW9s75d3K3v7BYdU/Ou5oaRUmbSyZVL0EacKoIG1DDSO9TBHEE0a6yeRu7ncfidJUipaZZiTiaCRoSjEyTor9aivOudRmEI+UtNks9mtBPVgArpOwIDVQoBn7X4OhxJYTYTBDWvfDIDNRjpShmJFZZWA1yRCeoBHpOyoQJzrKF4fP4LlThjCVypUwcKH+nsgR13rKE9fJkRnrVW8u/uf1rUlvo5yKzBoi8HJRahk0Es5TgEOqCDZs6gjCirpbIR4jhbBxWVVcCOHqy+ukc1kPg3r4cFVrXBdxlMEpOAMXIAQ3oAHuQRO0AQYWPINX8OY9eS/eu/exbC15xcwJ+APv8wdvu5OL</latexit><latexit sha1_base64="PAAKjxN/S9hDl/GOV9eg4uVu77E=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjoh4DXjxGyAbJMPR0epImvQy9CHHIl3jxoIhXP8Wbf2MnmYMmPih4vFdFVb0kY1SbIPj2ShubW9s75d3K3v7BYdU/Ou5oaRUmbSyZVL0EacKoIG1DDSO9TBHEE0a6yeRu7ncfidJUipaZZiTiaCRoSjEyTor9aivOudRmEI+UtNks9mtBPVgArpOwIDVQoBn7X4OhxJYTYTBDWvfDIDNRjpShmJFZZWA1yRCeoBHpOyoQJzrKF4fP4LlThjCVypUwcKH+nsgR13rKE9fJkRnrVW8u/uf1rUlvo5yKzBoi8HJRahk0Es5TgEOqCDZs6gjCirpbIR4jhbBxWVVcCOHqy+ukc1kPg3r4cFVrXBdxlMEpOAMXIAQ3oAHuQRO0AQYWPINX8OY9eS/eu/exbC15xcwJ+APv8wdvu5OL</latexit>

Tcycle path subgraph nonisolated
<latexit sha1_base64="ZPsZK7MJuxAV24w7pUQTL6dsMvA=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoyIuiy4cVmhL2iHIZPJtKGZJCQZYRj6B278FTcuFHHr1p1/Y9rOQlsPXDiccy/33hNJRrXxvG9nZXVtfWOzslXd3tnd23cPDjtaZAqTNhZMqF6ENGGUk7ahhpGeVASlESPdaHw79bsPRGkqeMvkkgQpGnKaUIyMlUL3rBUWOMeMDEKJzGgQ6iwaKiQt44JTLRgyJJ6Ebs2rezPAZeKXpAZKNEP3axALnKWEG8yQ1n3fkyYokDLULptUB5kmEuExGpK+pRylRAfF7J8JPLVKDBOhbHEDZ+rviQKlWudpZDtTe7Re9Kbif14/M8lNUFAuM0M4ni9KMgaNgNNwYEwVwYblliCsqL0V4hFSCBsbYdWG4C++vEw6F3Xfq/v3l7XGVRlHBRyDE3AOfHANGuAONEEbYPAInsEreHOenBfn3fmYt6445cwR+APn8we9h52w</latexit><latexit sha1_base64="ZPsZK7MJuxAV24w7pUQTL6dsMvA=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoyIuiy4cVmhL2iHIZPJtKGZJCQZYRj6B278FTcuFHHr1p1/Y9rOQlsPXDiccy/33hNJRrXxvG9nZXVtfWOzslXd3tnd23cPDjtaZAqTNhZMqF6ENGGUk7ahhpGeVASlESPdaHw79bsPRGkqeMvkkgQpGnKaUIyMlUL3rBUWOMeMDEKJzGgQ6iwaKiQt44JTLRgyJJ6Ebs2rezPAZeKXpAZKNEP3axALnKWEG8yQ1n3fkyYokDLULptUB5kmEuExGpK+pRylRAfF7J8JPLVKDBOhbHEDZ+rviQKlWudpZDtTe7Re9Kbif14/M8lNUFAuM0M4ni9KMgaNgNNwYEwVwYblliCsqL0V4hFSCBsbYdWG4C++vEw6F3Xfq/v3l7XGVRlHBRyDE3AOfHANGuAONEEbYPAInsEreHOenBfn3fmYt6445cwR+APn8we9h52w</latexit><latexit sha1_base64="ZPsZK7MJuxAV24w7pUQTL6dsMvA=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoyIuiy4cVmhL2iHIZPJtKGZJCQZYRj6B278FTcuFHHr1p1/Y9rOQlsPXDiccy/33hNJRrXxvG9nZXVtfWOzslXd3tnd23cPDjtaZAqTNhZMqF6ENGGUk7ahhpGeVASlESPdaHw79bsPRGkqeMvkkgQpGnKaUIyMlUL3rBUWOMeMDEKJzGgQ6iwaKiQt44JTLRgyJJ6Ebs2rezPAZeKXpAZKNEP3axALnKWEG8yQ1n3fkyYokDLULptUB5kmEuExGpK+pRylRAfF7J8JPLVKDBOhbHEDZ+rviQKlWudpZDtTe7Re9Kbif14/M8lNUFAuM0M4ni9KMgaNgNNwYEwVwYblliCsqL0V4hFSCBsbYdWG4C++vEw6F3Xfq/v3l7XGVRlHBRyDE3AOfHANGuAONEEbYPAInsEreHOenBfn3fmYt6445cwR+APn8we9h52w</latexit><latexit sha1_base64="ZPsZK7MJuxAV24w7pUQTL6dsMvA=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoyIuiy4cVmhL2iHIZPJtKGZJCQZYRj6B278FTcuFHHr1p1/Y9rOQlsPXDiccy/33hNJRrXxvG9nZXVtfWOzslXd3tnd23cPDjtaZAqTNhZMqF6ENGGUk7ahhpGeVASlESPdaHw79bsPRGkqeMvkkgQpGnKaUIyMlUL3rBUWOMeMDEKJzGgQ6iwaKiQt44JTLRgyJJ6Ebs2rezPAZeKXpAZKNEP3axALnKWEG8yQ1n3fkyYokDLULptUB5kmEuExGpK+pRylRAfF7J8JPLVKDBOhbHEDZ+rviQKlWudpZDtTe7Re9Kbif14/M8lNUFAuM0M4ni9KMgaNgNNwYEwVwYblliCsqL0V4hFSCBsbYdWG4C++vEw6F3Xfq/v3l7XGVRlHBRyDE3AOfHANGuAONEEbYPAInsEreHOenBfn3fmYt6445cwR+APn8we9h52w</latexit>

Tnonisolated loopless
<latexit sha1_base64="RcMh2lNicCvNCcNZMwlG5g1yQxc=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KIqMeCF48V+gVtCJvNtF262Q27G6GE4sW/4sWDIl79Fd78N27bHLT1wcDjvRlm5kUpZ9p43rezsrq2vrFZ2ipv7+zu7bsHhy0tM0WhSSWXqhMRDZwJaBpmOHRSBSSJOLSj0e3Ubz+A0kyKhhmnECRkIFifUWKsFLrHjTAXUjAtOTEQ90IuZcpB60noVryqNwNeJn5BKqhAPXS/erGkWQLCUE607vpeaoKcKMMoh0m5l2lICR2RAXQtFSQBHeSzFyb4zCox7ktlSxg8U39P5CTRepxEtjMhZqgXvan4n9fNTP8myJlIMwOCzhf1M46NxNM8cMwUUMPHlhCqmL0V0yFRhBqbWtmG4C++vExaF1Xfq/r3l5XaVRFHCZ2gU3SOfHSNaugO1VETUfSIntErenOenBfn3fmYt644xcwR+gPn8wd2bJgQ</latexit><latexit sha1_base64="RcMh2lNicCvNCcNZMwlG5g1yQxc=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KIqMeCF48V+gVtCJvNtF262Q27G6GE4sW/4sWDIl79Fd78N27bHLT1wcDjvRlm5kUpZ9p43rezsrq2vrFZ2ipv7+zu7bsHhy0tM0WhSSWXqhMRDZwJaBpmOHRSBSSJOLSj0e3Ubz+A0kyKhhmnECRkIFifUWKsFLrHjTAXUjAtOTEQ90IuZcpB60noVryqNwNeJn5BKqhAPXS/erGkWQLCUE607vpeaoKcKMMoh0m5l2lICR2RAXQtFSQBHeSzFyb4zCox7ktlSxg8U39P5CTRepxEtjMhZqgXvan4n9fNTP8myJlIMwOCzhf1M46NxNM8cMwUUMPHlhCqmL0V0yFRhBqbWtmG4C++vExaF1Xfq/r3l5XaVRFHCZ2gU3SOfHSNaugO1VETUfSIntErenOenBfn3fmYt644xcwR+gPn8wd2bJgQ</latexit><latexit sha1_base64="RcMh2lNicCvNCcNZMwlG5g1yQxc=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KIqMeCF48V+gVtCJvNtF262Q27G6GE4sW/4sWDIl79Fd78N27bHLT1wcDjvRlm5kUpZ9p43rezsrq2vrFZ2ipv7+zu7bsHhy0tM0WhSSWXqhMRDZwJaBpmOHRSBSSJOLSj0e3Ubz+A0kyKhhmnECRkIFifUWKsFLrHjTAXUjAtOTEQ90IuZcpB60noVryqNwNeJn5BKqhAPXS/erGkWQLCUE607vpeaoKcKMMoh0m5l2lICR2RAXQtFSQBHeSzFyb4zCox7ktlSxg8U39P5CTRepxEtjMhZqgXvan4n9fNTP8myJlIMwOCzhf1M46NxNM8cMwUUMPHlhCqmL0V0yFRhBqbWtmG4C++vExaF1Xfq/r3l5XaVRFHCZ2gU3SOfHSNaugO1VETUfSIntErenOenBfn3fmYt644xcwR+gPn8wd2bJgQ</latexit><latexit sha1_base64="RcMh2lNicCvNCcNZMwlG5g1yQxc=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KIqMeCF48V+gVtCJvNtF262Q27G6GE4sW/4sWDIl79Fd78N27bHLT1wcDjvRlm5kUpZ9p43rezsrq2vrFZ2ipv7+zu7bsHhy0tM0WhSSWXqhMRDZwJaBpmOHRSBSSJOLSj0e3Ubz+A0kyKhhmnECRkIFifUWKsFLrHjTAXUjAtOTEQ90IuZcpB60noVryqNwNeJn5BKqhAPXS/erGkWQLCUE607vpeaoKcKMMoh0m5l2lICR2RAXQtFSQBHeSzFyb4zCox7ktlSxg8U39P5CTRepxEtjMhZqgXvan4n9fNTP8myJlIMwOCzhf1M46NxNM8cMwUUMPHlhCqmL0V0yFRhBqbWtmG4C++vExaF1Xfq/r3l5XaVRFHCZ2gU3SOfHSNaugO1VETUfSIntErenOenBfn3fmYt644xcwR+gPn8wd2bJgQ</latexit>

Tweak loopless
<latexit sha1_base64="sA80ctKNvuQyWlKYSkg2EAW/rLM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeCF48V+iG0IWy2k3bpZjfsbtQS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6Be1jtaJkpCm0quVT3EdHAmYC2YYbDfaqAJBGHbjS+mfndB1CaSdEykxSChAwFixklxkqhW22F+SOQcT/kUqYctJ6Gbs2re3PgVeIXpIYKNEP3qz+QNEtAGMqJ1j3fS02QE2UY5TCt9DMNKaFjMoSepYIkoIN8fvsUn1plgGOpbAmD5+rviZwkWk+SyHYmxIz0sjcT//N6mYmvg5yJNDMg6GJRnHFsJJ4FgQdMATV8YgmhitlbMR0RRaixcVVsCP7yy6ukc173vbp/d1FrXBZxlNExOkFnyEdXqIFuURO1EUVP6Bm9ojdn6rw4787HorXkFDNH6A+czx+0LJTS</latexit><latexit sha1_base64="sA80ctKNvuQyWlKYSkg2EAW/rLM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeCF48V+iG0IWy2k3bpZjfsbtQS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6Be1jtaJkpCm0quVT3EdHAmYC2YYbDfaqAJBGHbjS+mfndB1CaSdEykxSChAwFixklxkqhW22F+SOQcT/kUqYctJ6Gbs2re3PgVeIXpIYKNEP3qz+QNEtAGMqJ1j3fS02QE2UY5TCt9DMNKaFjMoSepYIkoIN8fvsUn1plgGOpbAmD5+rviZwkWk+SyHYmxIz0sjcT//N6mYmvg5yJNDMg6GJRnHFsJJ4FgQdMATV8YgmhitlbMR0RRaixcVVsCP7yy6ukc173vbp/d1FrXBZxlNExOkFnyEdXqIFuURO1EUVP6Bm9ojdn6rw4787HorXkFDNH6A+czx+0LJTS</latexit><latexit sha1_base64="sA80ctKNvuQyWlKYSkg2EAW/rLM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeCF48V+iG0IWy2k3bpZjfsbtQS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6Be1jtaJkpCm0quVT3EdHAmYC2YYbDfaqAJBGHbjS+mfndB1CaSdEykxSChAwFixklxkqhW22F+SOQcT/kUqYctJ6Gbs2re3PgVeIXpIYKNEP3qz+QNEtAGMqJ1j3fS02QE2UY5TCt9DMNKaFjMoSepYIkoIN8fvsUn1plgGOpbAmD5+rviZwkWk+SyHYmxIz0sjcT//N6mYmvg5yJNDMg6GJRnHFsJJ4FgQdMATV8YgmhitlbMR0RRaixcVVsCP7yy6ukc173vbp/d1FrXBZxlNExOkFnyEdXqIFuURO1EUVP6Bm9ojdn6rw4787HorXkFDNH6A+czx+0LJTS</latexit><latexit sha1_base64="sA80ctKNvuQyWlKYSkg2EAW/rLM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeCF48V+iG0IWy2k3bpZjfsbtQS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6Be1jtaJkpCm0quVT3EdHAmYC2YYbDfaqAJBGHbjS+mfndB1CaSdEykxSChAwFixklxkqhW22F+SOQcT/kUqYctJ6Gbs2re3PgVeIXpIYKNEP3qz+QNEtAGMqJ1j3fS02QE2UY5TCt9DMNKaFjMoSepYIkoIN8fvsUn1plgGOpbAmD5+rviZwkWk+SyHYmxIz0sjcT//N6mYmvg5yJNDMg6GJRnHFsJJ4FgQdMATV8YgmhitlbMR0RRaixcVVsCP7yy6ukc173vbp/d1FrXBZxlNExOkFnyEdXqIFuURO1EUVP6Bm9ojdn6rw4787HorXkFDNH6A+czx+0LJTS</latexit>

Tcycle path subgraph
<latexit sha1_base64="duDxVdFZiZWvJDZPXFPe19+gl8Y=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUlE1GXBjcsKfUETwmQ6aYdOJmFmIoRQ3Pgrblwo4tavcOffOG2z0NYDA4dz7r1z7wlTzpR2nG9rZXVtfWOzslXd3tnd27cPDjsqySShbZLwRPZCrChngrY105z2UklxHHLaDce3U7/7QKViiWjpPKV+jIeCRYxgbaTAPm4FBckJp16QYj3yApWFQ4nT0SSwa07dmQEtE7ckNSjRDOwvb5CQLKZCE46V6rtOqv0CS83M/EnVyxRNMRnjIe0bKnBMlV/MTpigM6MMUJRI84RGM/V3R4FjpfI4NJWx2VMtelPxP6+f6ejGL5hIM00FmX8UZRzpBE3zQAMmKdE8NwQTycyuiIywxESb1KomBHfx5GXSuai7Tt29v6w1rso4KnACp3AOLlxDA+6gCW0g8AjP8Apv1pP1Yr1bH/PSFavsOYI/sD5/ABb6l9M=</latexit><latexit sha1_base64="duDxVdFZiZWvJDZPXFPe19+gl8Y=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUlE1GXBjcsKfUETwmQ6aYdOJmFmIoRQ3Pgrblwo4tavcOffOG2z0NYDA4dz7r1z7wlTzpR2nG9rZXVtfWOzslXd3tnd27cPDjsqySShbZLwRPZCrChngrY105z2UklxHHLaDce3U7/7QKViiWjpPKV+jIeCRYxgbaTAPm4FBckJp16QYj3yApWFQ4nT0SSwa07dmQEtE7ckNSjRDOwvb5CQLKZCE46V6rtOqv0CS83M/EnVyxRNMRnjIe0bKnBMlV/MTpigM6MMUJRI84RGM/V3R4FjpfI4NJWx2VMtelPxP6+f6ejGL5hIM00FmX8UZRzpBE3zQAMmKdE8NwQTycyuiIywxESb1KomBHfx5GXSuai7Tt29v6w1rso4KnACp3AOLlxDA+6gCW0g8AjP8Apv1pP1Yr1bH/PSFavsOYI/sD5/ABb6l9M=</latexit><latexit sha1_base64="duDxVdFZiZWvJDZPXFPe19+gl8Y=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUlE1GXBjcsKfUETwmQ6aYdOJmFmIoRQ3Pgrblwo4tavcOffOG2z0NYDA4dz7r1z7wlTzpR2nG9rZXVtfWOzslXd3tnd27cPDjsqySShbZLwRPZCrChngrY105z2UklxHHLaDce3U7/7QKViiWjpPKV+jIeCRYxgbaTAPm4FBckJp16QYj3yApWFQ4nT0SSwa07dmQEtE7ckNSjRDOwvb5CQLKZCE46V6rtOqv0CS83M/EnVyxRNMRnjIe0bKnBMlV/MTpigM6MMUJRI84RGM/V3R4FjpfI4NJWx2VMtelPxP6+f6ejGL5hIM00FmX8UZRzpBE3zQAMmKdE8NwQTycyuiIywxESb1KomBHfx5GXSuai7Tt29v6w1rso4KnACp3AOLlxDA+6gCW0g8AjP8Apv1pP1Yr1bH/PSFavsOYI/sD5/ABb6l9M=</latexit><latexit sha1_base64="duDxVdFZiZWvJDZPXFPe19+gl8Y=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUlE1GXBjcsKfUETwmQ6aYdOJmFmIoRQ3Pgrblwo4tavcOffOG2z0NYDA4dz7r1z7wlTzpR2nG9rZXVtfWOzslXd3tnd27cPDjsqySShbZLwRPZCrChngrY105z2UklxHHLaDce3U7/7QKViiWjpPKV+jIeCRYxgbaTAPm4FBckJp16QYj3yApWFQ4nT0SSwa07dmQEtE7ckNSjRDOwvb5CQLKZCE46V6rtOqv0CS83M/EnVyxRNMRnjIe0bKnBMlV/MTpigM6MMUJRI84RGM/V3R4FjpfI4NJWx2VMtelPxP6+f6ejGL5hIM00FmX8UZRzpBE3zQAMmKdE8NwQTycyuiIywxESb1KomBHfx5GXSuai7Tt29v6w1rso4KnACp3AOLlxDA+6gCW0g8AjP8Apv1pP1Yr1bH/PSFavsOYI/sD5/ABb6l9M=</latexit>

MoSt Theories Tripartite Incidence Theories

Figure 6: Complete classification of models of MoSt through verification.
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Example of Axiomatization

g1
<latexit sha1_base64="SbHSZl1yOkdx6R73I+4w5Jjw6TE=">AAACFXicdVBLSwMxGMz6rPW16tFLsAgeSkmK9HErePFYwT6gXZZsmrah2QdJVijL/gkv/hUvHhTxKnjz35htu6CiA4FhZr7ky3iR4Eoj9GmtrW9sbm0Xdoq7e/sHh/bRcVeFsaSsQ0MRyr5HFBM8YB3NtWD9SDLie4L1vNlV5vfumFQ8DG71PGKOTyYBH3NKtJFcu5wMF5cM5MRzElRBCGGMyxnB9RoypNlsVHEjnbg4de1SnoB5AuYJiDPLoARWaLv2x3AU0thngaaCKDXAKNJOQqTmVLC0OIwViwidkQkbGBoQnyknWSyUwnOjjOA4lOYEGi7U7xMJ8ZWa+55J+kRP1W8vE//yBrEeN5yEB1GsWUCXD41jAXUIs4rgiEtGtZgbQqjkZldIp0QSqk2RRVNC/lP4P+lWKxhV8M1lqVVb1VEAp+AMXAAM6qAFrkEbdAAF9+ARPIMX68F6sl6tt2V0zVrNnIAfsN6/AA8Pmuo=</latexit><latexit sha1_base64="SbHSZl1yOkdx6R73I+4w5Jjw6TE=">AAACFXicdVBLSwMxGMz6rPW16tFLsAgeSkmK9HErePFYwT6gXZZsmrah2QdJVijL/gkv/hUvHhTxKnjz35htu6CiA4FhZr7ky3iR4Eoj9GmtrW9sbm0Xdoq7e/sHh/bRcVeFsaSsQ0MRyr5HFBM8YB3NtWD9SDLie4L1vNlV5vfumFQ8DG71PGKOTyYBH3NKtJFcu5wMF5cM5MRzElRBCGGMyxnB9RoypNlsVHEjnbg4de1SnoB5AuYJiDPLoARWaLv2x3AU0thngaaCKDXAKNJOQqTmVLC0OIwViwidkQkbGBoQnyknWSyUwnOjjOA4lOYEGi7U7xMJ8ZWa+55J+kRP1W8vE//yBrEeN5yEB1GsWUCXD41jAXUIs4rgiEtGtZgbQqjkZldIp0QSqk2RRVNC/lP4P+lWKxhV8M1lqVVb1VEAp+AMXAAM6qAFrkEbdAAF9+ARPIMX68F6sl6tt2V0zVrNnIAfsN6/AA8Pmuo=</latexit><latexit sha1_base64="SbHSZl1yOkdx6R73I+4w5Jjw6TE=">AAACFXicdVBLSwMxGMz6rPW16tFLsAgeSkmK9HErePFYwT6gXZZsmrah2QdJVijL/gkv/hUvHhTxKnjz35htu6CiA4FhZr7ky3iR4Eoj9GmtrW9sbm0Xdoq7e/sHh/bRcVeFsaSsQ0MRyr5HFBM8YB3NtWD9SDLie4L1vNlV5vfumFQ8DG71PGKOTyYBH3NKtJFcu5wMF5cM5MRzElRBCGGMyxnB9RoypNlsVHEjnbg4de1SnoB5AuYJiDPLoARWaLv2x3AU0thngaaCKDXAKNJOQqTmVLC0OIwViwidkQkbGBoQnyknWSyUwnOjjOA4lOYEGi7U7xMJ8ZWa+55J+kRP1W8vE//yBrEeN5yEB1GsWUCXD41jAXUIs4rgiEtGtZgbQqjkZldIp0QSqk2RRVNC/lP4P+lWKxhV8M1lqVVb1VEAp+AMXAAM6qAFrkEbdAAF9+ARPIMX68F6sl6tt2V0zVrNnIAfsN6/AA8Pmuo=</latexit><latexit sha1_base64="SbHSZl1yOkdx6R73I+4w5Jjw6TE=">AAACFXicdVBLSwMxGMz6rPW16tFLsAgeSkmK9HErePFYwT6gXZZsmrah2QdJVijL/gkv/hUvHhTxKnjz35htu6CiA4FhZr7ky3iR4Eoj9GmtrW9sbm0Xdoq7e/sHh/bRcVeFsaSsQ0MRyr5HFBM8YB3NtWD9SDLie4L1vNlV5vfumFQ8DG71PGKOTyYBH3NKtJFcu5wMF5cM5MRzElRBCGGMyxnB9RoypNlsVHEjnbg4de1SnoB5AuYJiDPLoARWaLv2x3AU0thngaaCKDXAKNJOQqTmVLC0OIwViwidkQkbGBoQnyknWSyUwnOjjOA4lOYEGi7U7xMJ8ZWa+55J+kRP1W8vE//yBrEeN5yEB1GsWUCXD41jAXUIs4rgiEtGtZgbQqjkZldIp0QSqk2RRVNC/lP4P+lWKxhV8M1lqVVb1VEAp+AMXAAM6qAFrkEbdAAF9+ARPIMX68F6sl6tt2V0zVrNnIAfsN6/AA8Pmuo=</latexit>

g2
<latexit sha1_base64="5EPavG61MB4GXUn9KzUPm343lcY=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAILkpIYmjrruDGZQV7gTaEyXSSDp1cmJkIJeQl3Pgqblwo4lZw59s4abPQ1gMDH/9/zsyZ30so4cIwvpXKxubW9k51t7a3f3B4pB6f9HmcMoR7KKYxG3qQY0oi3BNEUDxMGIahR/HAm90U/uABM07i6F7ME+yEMIiITxAUUnLVRjZeXDJigedkhn7dblp2s2HohtEyLbMAq2Vf2XngWrmr1gujKG0dzBLqoKyuq36NJzFKQxwJRCHnI9NIhJNBJgiiOK+NU44TiGYwwCOJEQwxd7LFQrl2IZWJ5sdMnkhoC/X3RAZDzuehJztDKKZ81SvE/7xRKvy2k5EoSQWO0PIhP6WaiLUiIm1CGEaCziVAxIjcVUNTyCASMsiaDMFc/fI69C3dNHTzzq53mmUcVXAGzsElMEELdMAt6IIeQOARPINX8KY8KS/Ku/KxbK0o5cwp+FPK5w/YQJrB</latexit><latexit sha1_base64="5EPavG61MB4GXUn9KzUPm343lcY=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAILkpIYmjrruDGZQV7gTaEyXSSDp1cmJkIJeQl3Pgqblwo4lZw59s4abPQ1gMDH/9/zsyZ30so4cIwvpXKxubW9k51t7a3f3B4pB6f9HmcMoR7KKYxG3qQY0oi3BNEUDxMGIahR/HAm90U/uABM07i6F7ME+yEMIiITxAUUnLVRjZeXDJigedkhn7dblp2s2HohtEyLbMAq2Vf2XngWrmr1gujKG0dzBLqoKyuq36NJzFKQxwJRCHnI9NIhJNBJgiiOK+NU44TiGYwwCOJEQwxd7LFQrl2IZWJ5sdMnkhoC/X3RAZDzuehJztDKKZ81SvE/7xRKvy2k5EoSQWO0PIhP6WaiLUiIm1CGEaCziVAxIjcVUNTyCASMsiaDMFc/fI69C3dNHTzzq53mmUcVXAGzsElMEELdMAt6IIeQOARPINX8KY8KS/Ku/KxbK0o5cwp+FPK5w/YQJrB</latexit><latexit sha1_base64="5EPavG61MB4GXUn9KzUPm343lcY=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAILkpIYmjrruDGZQV7gTaEyXSSDp1cmJkIJeQl3Pgqblwo4lZw59s4abPQ1gMDH/9/zsyZ30so4cIwvpXKxubW9k51t7a3f3B4pB6f9HmcMoR7KKYxG3qQY0oi3BNEUDxMGIahR/HAm90U/uABM07i6F7ME+yEMIiITxAUUnLVRjZeXDJigedkhn7dblp2s2HohtEyLbMAq2Vf2XngWrmr1gujKG0dzBLqoKyuq36NJzFKQxwJRCHnI9NIhJNBJgiiOK+NU44TiGYwwCOJEQwxd7LFQrl2IZWJ5sdMnkhoC/X3RAZDzuehJztDKKZ81SvE/7xRKvy2k5EoSQWO0PIhP6WaiLUiIm1CGEaCziVAxIjcVUNTyCASMsiaDMFc/fI69C3dNHTzzq53mmUcVXAGzsElMEELdMAt6IIeQOARPINX8KY8KS/Ku/KxbK0o5cwp+FPK5w/YQJrB</latexit><latexit sha1_base64="5EPavG61MB4GXUn9KzUPm343lcY=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAILkpIYmjrruDGZQV7gTaEyXSSDp1cmJkIJeQl3Pgqblwo4lZw59s4abPQ1gMDH/9/zsyZ30so4cIwvpXKxubW9k51t7a3f3B4pB6f9HmcMoR7KKYxG3qQY0oi3BNEUDxMGIahR/HAm90U/uABM07i6F7ME+yEMIiITxAUUnLVRjZeXDJigedkhn7dblp2s2HohtEyLbMAq2Vf2XngWrmr1gujKG0dzBLqoKyuq36NJzFKQxwJRCHnI9NIhJNBJgiiOK+NU44TiGYwwCOJEQwxd7LFQrl2IZWJ5sdMnkhoC/X3RAZDzuehJztDKKZ81SvE/7xRKvy2k5EoSQWO0PIhP6WaiLUiIm1CGEaCziVAxIjcVUNTyCASMsiaDMFc/fI69C3dNHTzzq53mmUcVXAGzsElMEELdMAt6IIeQOARPINX8KY8KS/Ku/KxbK0o5cwp+FPK5w/YQJrB</latexit>

g3
<latexit sha1_base64="4MRyK+mPIm4ntAzQ9XHBirqfqfg=">AAACFXicdZDLSsQwFIbT8TaOt6pLN8FBcDGU1vtywI3LEZwLdEpJM2knTHohSYWh9CXc+CpuXCjiVnDn25jOtKKiBwJ/vnPJye8ljAppmh9abWFxaXmlvtpYW9/Y3NK3d3oiTjkmXRyzmA88JAijEelKKhkZJJyg0GOk700ui3z/lnBB4+hGThPihCiIqE8xkgq5eisbzobYPPCczDROzSJapmFWYk7ywD3OXb1Z3WFVAb+IVZImKKPj6u/DUYzTkEQSMySEbZmJdDLEJcWM5I1hKkiC8AQFxFYyQiERTjZbKIcHioygH3N1Igln9HtHhkIhpqGnKkMkx+J3roB/5exU+hdORqMklSTC84f8lEEZw8IiOKKcYMmmSiDMqdoV4jHiCEtlZEOZUP0U/i96R4ZlGtb1SbN9VtpRB3tgHxwCC5yDNrgCHdAFGNyBB/AEnrV77VF70V7npTWt7NkFP0J7+wSPapqU</latexit><latexit sha1_base64="4MRyK+mPIm4ntAzQ9XHBirqfqfg=">AAACFXicdZDLSsQwFIbT8TaOt6pLN8FBcDGU1vtywI3LEZwLdEpJM2knTHohSYWh9CXc+CpuXCjiVnDn25jOtKKiBwJ/vnPJye8ljAppmh9abWFxaXmlvtpYW9/Y3NK3d3oiTjkmXRyzmA88JAijEelKKhkZJJyg0GOk700ui3z/lnBB4+hGThPihCiIqE8xkgq5eisbzobYPPCczDROzSJapmFWYk7ywD3OXb1Z3WFVAb+IVZImKKPj6u/DUYzTkEQSMySEbZmJdDLEJcWM5I1hKkiC8AQFxFYyQiERTjZbKIcHioygH3N1Igln9HtHhkIhpqGnKkMkx+J3roB/5exU+hdORqMklSTC84f8lEEZw8IiOKKcYMmmSiDMqdoV4jHiCEtlZEOZUP0U/i96R4ZlGtb1SbN9VtpRB3tgHxwCC5yDNrgCHdAFGNyBB/AEnrV77VF70V7npTWt7NkFP0J7+wSPapqU</latexit><latexit sha1_base64="4MRyK+mPIm4ntAzQ9XHBirqfqfg=">AAACFXicdZDLSsQwFIbT8TaOt6pLN8FBcDGU1vtywI3LEZwLdEpJM2knTHohSYWh9CXc+CpuXCjiVnDn25jOtKKiBwJ/vnPJye8ljAppmh9abWFxaXmlvtpYW9/Y3NK3d3oiTjkmXRyzmA88JAijEelKKhkZJJyg0GOk700ui3z/lnBB4+hGThPihCiIqE8xkgq5eisbzobYPPCczDROzSJapmFWYk7ywD3OXb1Z3WFVAb+IVZImKKPj6u/DUYzTkEQSMySEbZmJdDLEJcWM5I1hKkiC8AQFxFYyQiERTjZbKIcHioygH3N1Igln9HtHhkIhpqGnKkMkx+J3roB/5exU+hdORqMklSTC84f8lEEZw8IiOKKcYMmmSiDMqdoV4jHiCEtlZEOZUP0U/i96R4ZlGtb1SbN9VtpRB3tgHxwCC5yDNrgCHdAFGNyBB/AEnrV77VF70V7npTWt7NkFP0J7+wSPapqU</latexit><latexit sha1_base64="4MRyK+mPIm4ntAzQ9XHBirqfqfg=">AAACFXicdZDLSsQwFIbT8TaOt6pLN8FBcDGU1vtywI3LEZwLdEpJM2knTHohSYWh9CXc+CpuXCjiVnDn25jOtKKiBwJ/vnPJye8ljAppmh9abWFxaXmlvtpYW9/Y3NK3d3oiTjkmXRyzmA88JAijEelKKhkZJJyg0GOk700ui3z/lnBB4+hGThPihCiIqE8xkgq5eisbzobYPPCczDROzSJapmFWYk7ywD3OXb1Z3WFVAb+IVZImKKPj6u/DUYzTkEQSMySEbZmJdDLEJcWM5I1hKkiC8AQFxFYyQiERTjZbKIcHioygH3N1Igln9HtHhkIhpqGnKkMkx+J3roB/5exU+hdORqMklSTC84f8lEEZw8IiOKKcYMmmSiDMqdoV4jHiCEtlZEOZUP0U/i96R4ZlGtb1SbN9VtpRB3tgHxwCC5yDNrgCHdAFGNyBB/AEnrV77VF70V7npTWt7NkFP0J7+wSPapqU</latexit>

g4
<latexit sha1_base64="HPl7q/FIngeLnMiBWDeN0VN0cXk=">AAACFXicbVDLSsNAFJ34rPUVdekmWAQXpUxqje2u4MZlBfuANJTJdJIOnTyYmQgl5Cfc+CtuXCjiVnDn3zhNs9DWAwNnzrn3zp3jxowKCeG3tra+sbm1Xdop7+7tHxzqR8c9ESUcky6OWMQHLhKE0ZB0JZWMDGJOUOAy0nenN3O//0C4oFF4L2cxcQLkh9SjGEkljfRqOsyH2Nx3nRTWWi3YMK0qrF1BWLdaisDLetOyMn/UyEZ6Rd1zGKvELEgFFOiM9K/hOMJJQEKJGRLCNmEsnRRxSTEjWXmYCBIjPEU+sRUNUUCEk+YLZca5UsaGF3F1Qmnk6u+OFAVCzAJXVQZITsSyNxf/8+xEek0npWGcSBLixUNewgwZGfOIjDHlBEs2UwRhTtWuBp4gjrBUQZZVCObyl1dJr14zYc28a1TaVhFHCZyCM3ABTHAN2uAWdEAXYPAInsEreNOetBftXftYlK5pRc8J+APt8wfqmJrN</latexit><latexit sha1_base64="HPl7q/FIngeLnMiBWDeN0VN0cXk=">AAACFXicbVDLSsNAFJ34rPUVdekmWAQXpUxqje2u4MZlBfuANJTJdJIOnTyYmQgl5Cfc+CtuXCjiVnDn3zhNs9DWAwNnzrn3zp3jxowKCeG3tra+sbm1Xdop7+7tHxzqR8c9ESUcky6OWMQHLhKE0ZB0JZWMDGJOUOAy0nenN3O//0C4oFF4L2cxcQLkh9SjGEkljfRqOsyH2Nx3nRTWWi3YMK0qrF1BWLdaisDLetOyMn/UyEZ6Rd1zGKvELEgFFOiM9K/hOMJJQEKJGRLCNmEsnRRxSTEjWXmYCBIjPEU+sRUNUUCEk+YLZca5UsaGF3F1Qmnk6u+OFAVCzAJXVQZITsSyNxf/8+xEek0npWGcSBLixUNewgwZGfOIjDHlBEs2UwRhTtWuBp4gjrBUQZZVCObyl1dJr14zYc28a1TaVhFHCZyCM3ABTHAN2uAWdEAXYPAInsEreNOetBftXftYlK5pRc8J+APt8wfqmJrN</latexit><latexit sha1_base64="HPl7q/FIngeLnMiBWDeN0VN0cXk=">AAACFXicbVDLSsNAFJ34rPUVdekmWAQXpUxqje2u4MZlBfuANJTJdJIOnTyYmQgl5Cfc+CtuXCjiVnDn3zhNs9DWAwNnzrn3zp3jxowKCeG3tra+sbm1Xdop7+7tHxzqR8c9ESUcky6OWMQHLhKE0ZB0JZWMDGJOUOAy0nenN3O//0C4oFF4L2cxcQLkh9SjGEkljfRqOsyH2Nx3nRTWWi3YMK0qrF1BWLdaisDLetOyMn/UyEZ6Rd1zGKvELEgFFOiM9K/hOMJJQEKJGRLCNmEsnRRxSTEjWXmYCBIjPEU+sRUNUUCEk+YLZca5UsaGF3F1Qmnk6u+OFAVCzAJXVQZITsSyNxf/8+xEek0npWGcSBLixUNewgwZGfOIjDHlBEs2UwRhTtWuBp4gjrBUQZZVCObyl1dJr14zYc28a1TaVhFHCZyCM3ABTHAN2uAWdEAXYPAInsEreNOetBftXftYlK5pRc8J+APt8wfqmJrN</latexit><latexit sha1_base64="HPl7q/FIngeLnMiBWDeN0VN0cXk=">AAACFXicbVDLSsNAFJ34rPUVdekmWAQXpUxqje2u4MZlBfuANJTJdJIOnTyYmQgl5Cfc+CtuXCjiVnDn3zhNs9DWAwNnzrn3zp3jxowKCeG3tra+sbm1Xdop7+7tHxzqR8c9ESUcky6OWMQHLhKE0ZB0JZWMDGJOUOAy0nenN3O//0C4oFF4L2cxcQLkh9SjGEkljfRqOsyH2Nx3nRTWWi3YMK0qrF1BWLdaisDLetOyMn/UyEZ6Rd1zGKvELEgFFOiM9K/hOMJJQEKJGRLCNmEsnRRxSTEjWXmYCBIjPEU+sRUNUUCEk+YLZca5UsaGF3F1Qmnk6u+OFAVCzAJXVQZITsSyNxf/8+xEek0npWGcSBLixUNewgwZGfOIjDHlBEs2UwRhTtWuBp4gjrBUQZZVCObyl1dJr14zYc28a1TaVhFHCZyCM3ABTHAN2uAWdEAXYPAInsEreNOetBftXftYlK5pRc8J+APt8wfqmJrN</latexit>

g5
<latexit sha1_base64="2pE+/oDVxu/aKJmpU3NkWuJCcd8=">AAACFXicbZDLSsNAFIYnXmu9RV26CRbBRSmTtjbtruDGZQV7gTSEyXSSDp1cmJkIJfQl3Pgqblwo4lZw59s4bbPQ1gMDH/9/zsyZ30sYFRLCb21jc2t7Z7ewV9w/ODw61k9OeyJOOSZdHLOYDzwkCKMR6UoqGRkknKDQY6TvTW7mfv+BcEHj6F5OE+KEKIioTzGSSnL1cjZcXGLzwHMyWDEb0KpbZVixmmatChWYrUarVpsF7vXM1UuwAhdlrIOZQwnk1XH1r+EoxmlIIokZEsI2YSKdDHFJMSOz4jAVJEF4ggJiK4xQSISTLRaaGZdKGRl+zNWJpLFQf09kKBRiGnqqM0RyLFa9ufifZ6fSbzoZjZJUkggvH/JTZsjYmEdkjCgnWLKpAoQ5VbsaeIw4wlIFWVQhmKtfXodetWKq7O7qpXYjj6MAzsEFuAImsEAb3IIO6AIMHsEzeAVv2pP2or1rH8vWDS2fOQN/Svv8Ae19ms8=</latexit><latexit sha1_base64="2pE+/oDVxu/aKJmpU3NkWuJCcd8=">AAACFXicbZDLSsNAFIYnXmu9RV26CRbBRSmTtjbtruDGZQV7gTSEyXSSDp1cmJkIJfQl3Pgqblwo4lZw59s4bbPQ1gMDH/9/zsyZ30sYFRLCb21jc2t7Z7ewV9w/ODw61k9OeyJOOSZdHLOYDzwkCKMR6UoqGRkknKDQY6TvTW7mfv+BcEHj6F5OE+KEKIioTzGSSnL1cjZcXGLzwHMyWDEb0KpbZVixmmatChWYrUarVpsF7vXM1UuwAhdlrIOZQwnk1XH1r+EoxmlIIokZEsI2YSKdDHFJMSOz4jAVJEF4ggJiK4xQSISTLRaaGZdKGRl+zNWJpLFQf09kKBRiGnqqM0RyLFa9ufifZ6fSbzoZjZJUkggvH/JTZsjYmEdkjCgnWLKpAoQ5VbsaeIw4wlIFWVQhmKtfXodetWKq7O7qpXYjj6MAzsEFuAImsEAb3IIO6AIMHsEzeAVv2pP2or1rH8vWDS2fOQN/Svv8Ae19ms8=</latexit><latexit sha1_base64="2pE+/oDVxu/aKJmpU3NkWuJCcd8=">AAACFXicbZDLSsNAFIYnXmu9RV26CRbBRSmTtjbtruDGZQV7gTSEyXSSDp1cmJkIJfQl3Pgqblwo4lZw59s4bbPQ1gMDH/9/zsyZ30sYFRLCb21jc2t7Z7ewV9w/ODw61k9OeyJOOSZdHLOYDzwkCKMR6UoqGRkknKDQY6TvTW7mfv+BcEHj6F5OE+KEKIioTzGSSnL1cjZcXGLzwHMyWDEb0KpbZVixmmatChWYrUarVpsF7vXM1UuwAhdlrIOZQwnk1XH1r+EoxmlIIokZEsI2YSKdDHFJMSOz4jAVJEF4ggJiK4xQSISTLRaaGZdKGRl+zNWJpLFQf09kKBRiGnqqM0RyLFa9ufifZ6fSbzoZjZJUkggvH/JTZsjYmEdkjCgnWLKpAoQ5VbsaeIw4wlIFWVQhmKtfXodetWKq7O7qpXYjj6MAzsEFuAImsEAb3IIO6AIMHsEzeAVv2pP2or1rH8vWDS2fOQN/Svv8Ae19ms8=</latexit><latexit sha1_base64="2pE+/oDVxu/aKJmpU3NkWuJCcd8=">AAACFXicbZDLSsNAFIYnXmu9RV26CRbBRSmTtjbtruDGZQV7gTSEyXSSDp1cmJkIJfQl3Pgqblwo4lZw59s4bbPQ1gMDH/9/zsyZ30sYFRLCb21jc2t7Z7ewV9w/ODw61k9OeyJOOSZdHLOYDzwkCKMR6UoqGRkknKDQY6TvTW7mfv+BcEHj6F5OE+KEKIioTzGSSnL1cjZcXGLzwHMyWDEb0KpbZVixmmatChWYrUarVpsF7vXM1UuwAhdlrIOZQwnk1XH1r+EoxmlIIokZEsI2YSKdDHFJMSOz4jAVJEF4ggJiK4xQSISTLRaaGZdKGRl+zNWJpLFQf09kKBRiGnqqM0RyLFa9ufifZ6fSbzoZjZJUkggvH/JTZsjYmEdkjCgnWLKpAoQ5VbsaeIw4wlIFWVQhmKtfXodetWKq7O7qpXYjj6MAzsEFuAImsEAb3IIO6AIMHsEzeAVv2pP2or1rH8vWDS2fOQN/Svv8Ae19ms8=</latexit>

(a) Structure

∀x morphine(x) ≡ ∃g1∃g2∃g3∃g4∃g5 skeleton(x) ∧ phenol(g1)∧

cyclohexane(g2) ∧ cyclohexenol(g3)∧

1methylpiperidine(g4) ∧ furan(g5)∧

multiply fused(g1, g2) ∧multiply fused(g1, g5)∧

multiply fused(g2, g3) ∧multiply fused(g2, g4)∧

multiply fused(g2, g5) ∧multiply fused(g3, g2)∧

multiply fused(g3, g4) ∧multiply fused(g3, g5)∧

multiply fused(g4, g2) ∧multiply fused(g4, g3)∧

mol(g1, x) ∧mol(g2, x)∧

mol(g3, x) ∧mol(g4, x) ∧mol(g5, x)

(b) Axiomatization

Figure 7: Structure of morphine (C17H19NO3)
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Contribution Summary

• Identified requirements for a molecular structure ontology

• Provided an axiomatization of a molecular structure ontology (MoSt)

• Verified and validated the ontology with respect to its intended

models
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2. New Techniques for Designing

Molecules via Model

Construction
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Leveraging the Ontology in Drug Design

The ontology plays dual roles:

1. Verification shows that models correspond to graphs in geometry:

we can construct models of MoSt for drug design. However, simply

having the ontology itself does not tell us how we can use it for drug

design.

2. We can exploit graph-theoretic properties of the models to come up

with new model construction techniques.
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Drug Design as Model Construction

Think of drug design as a process of building first-order models:

• A model of MoSt, Mod(Tmost), can be decomposed into 2-connected

graph components

• From these components, we can re-compose the graph via the attachment

relationships

• Models of MoSt and the block decompositions of the underlying molecular

graph are synonymous with the tripartite incidence structures used in the

verification

Models of MoSt

Block Decomposition
of Graph

Decomposition Attachment Tripartite Incidence
Structures

Representation Theorems

Verification
Mod(Tmost)

<latexit sha1_base64="OqoQZE5BNibpyliUeUAR8lE74a8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVUY8FL16ECv2CdinZbLYNTTZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCxLOtHHdb2dtfWNza7uwU9zd2z84LB0dt7RMFaFNIrlUnQBryllMm4YZTjuJolgEnLaD0d3Mb4+p0kzGDTNJqC/wIGYRI9hYyX+QYaXRz4TUZnrRL5XdqjsHWiVeTsqQo94vffVCSVJBY0M41rrruYnxM6wMI5xOi71U0wSTER7QrqUxFlT72fzoKTq3SogiqWzFBs3V3xMZFlpPRGA7BTZDvezNxP+8bmqiWz9jcZIaGpPFoijlyEg0SwCFTFFi+MQSTBSztyIyxAoTY3Mq2hC85ZdXSeuy6rlV7/GqXLvO4yjAKZxBBTy4gRrcQx2aQOAJnuEV3pyx8+K8Ox+L1jUnnzmBP3A+fwBm25HP</latexit><latexit sha1_base64="OqoQZE5BNibpyliUeUAR8lE74a8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVUY8FL16ECv2CdinZbLYNTTZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCxLOtHHdb2dtfWNza7uwU9zd2z84LB0dt7RMFaFNIrlUnQBryllMm4YZTjuJolgEnLaD0d3Mb4+p0kzGDTNJqC/wIGYRI9hYyX+QYaXRz4TUZnrRL5XdqjsHWiVeTsqQo94vffVCSVJBY0M41rrruYnxM6wMI5xOi71U0wSTER7QrqUxFlT72fzoKTq3SogiqWzFBs3V3xMZFlpPRGA7BTZDvezNxP+8bmqiWz9jcZIaGpPFoijlyEg0SwCFTFFi+MQSTBSztyIyxAoTY3Mq2hC85ZdXSeuy6rlV7/GqXLvO4yjAKZxBBTy4gRrcQx2aQOAJnuEV3pyx8+K8Ox+L1jUnnzmBP3A+fwBm25HP</latexit><latexit sha1_base64="OqoQZE5BNibpyliUeUAR8lE74a8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVUY8FL16ECv2CdinZbLYNTTZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCxLOtHHdb2dtfWNza7uwU9zd2z84LB0dt7RMFaFNIrlUnQBryllMm4YZTjuJolgEnLaD0d3Mb4+p0kzGDTNJqC/wIGYRI9hYyX+QYaXRz4TUZnrRL5XdqjsHWiVeTsqQo94vffVCSVJBY0M41rrruYnxM6wMI5xOi71U0wSTER7QrqUxFlT72fzoKTq3SogiqWzFBs3V3xMZFlpPRGA7BTZDvezNxP+8bmqiWz9jcZIaGpPFoijlyEg0SwCFTFFi+MQSTBSztyIyxAoTY3Mq2hC85ZdXSeuy6rlV7/GqXLvO4yjAKZxBBTy4gRrcQx2aQOAJnuEV3pyx8+K8Ox+L1jUnnzmBP3A+fwBm25HP</latexit><latexit sha1_base64="OqoQZE5BNibpyliUeUAR8lE74a8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVUY8FL16ECv2CdinZbLYNTTZrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCxLOtHHdb2dtfWNza7uwU9zd2z84LB0dt7RMFaFNIrlUnQBryllMm4YZTjuJolgEnLaD0d3Mb4+p0kzGDTNJqC/wIGYRI9hYyX+QYaXRz4TUZnrRL5XdqjsHWiVeTsqQo94vffVCSVJBY0M41rrruYnxM6wMI5xOi71U0wSTER7QrqUxFlT72fzoKTq3SogiqWzFBs3V3xMZFlpPRGA7BTZDvezNxP+8bmqiWz9jcZIaGpPFoijlyEg0SwCFTFFi+MQSTBSztyIyxAoTY3Mq2hC85ZdXSeuy6rlV7/GqXLvO4yjAKZxBBTy4gRrcQx2aQOAJnuEV3pyx8+K8Ox+L1jUnnzmBP3A+fwBm25HP</latexit>
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Drug Design as Model Construction

Think of drug design as a process of building first-order models:

• A model of MoSt, Mod(Tmost), can be decomposed into 2-connected

graph components

• From these components, we can re-compose the graph via the attachment

relationships

• Models of MoSt and the block decompositions of the underlying molecular

graph are synonymous with the tripartite incidence structures used in the

verification

Models of MoSt

Block Decomposition
of Graph

Decomposition Attachment Tripartite Incidence
Structures

Representation Theorems

Verification
Mod(Tmost)
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graph components

• From these components, we can re-compose the graph via the attachment

relationships

• Models of MoSt and the block decompositions of the underlying molecular

graph are synonymous with the tripartite incidence structures used in the

verification

Models of MoSt

Block Decomposition
of Graph

Decomposition Attachment Tripartite Incidence
Structures

Representation Theorems

Verification
Mod(Tmost)
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Drug Discovery as Model Construction (cont.)

chordalgraph
- generate non-trivial chordal graph

input: Nebesky’s axioms
output: chordal graph G

attach using chordalgraph
- replace vertices with functional groups

- replace edges with attachment operator
input: a chordal graph G

output: a model M
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attach using molfile
- replace vertices with functional groups

- replace edges with attachment operator
input: graph from molfile

output: a model M

RecursiveModelGeneration
- continuously build and combine models

input: functional groups and models of the groups
output: a model of MoSt M

molBFS
- identify simple cycles and leftover paths from molfile

input: chemical molfile
output: listing of simple cycles and paths

IdentifyGroups
- identify primitive functional groups from 

molfile
input: listing of simple cycles and paths

output: listing of primitive functional groups 
the correspond to the simple cycles and paths
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molecular description 
generator

- generates molecular descriptions for 
molecules

input: molfile, list of functional groups
output: axiom in Common Logic

Figure 8: Generating models via attachment 17/28



Breaking Down Skeletons

Consider Ethyl Acetate (C4H8O2):

H3C O O

CH3

Legend connectedness incidence mereology

functional groups

skeletons
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g2
<latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit>

g3
<latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit>

g4
<latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit>

Breakdown of Skeletons & Groups
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g1
<latexit sha1_base64="hjLqxI4Wz2WMl7rBFhIhomD9f4U=">AAACFXicbVDLSsNAFL3xWesr6tJNsAguSklE1GXBjcsK9gFpCJPpJB06mYSZiVBCfsKNv+LGhSJuBXf+jdO0BW29MHDmnHvu3DlByqhUtv1trKyurW9sVraq2zu7e/vmwWFHJpnApI0TlohegCRhlJO2ooqRXioIigNGusHoZqJ3H4iQNOH3apwSL0YRpyHFSGnKN+t5vxziiijwcqdhl1W3F0ER+U7hm7X53VoGc3MNZtXyza/+IMFZTLjCDEnpOnaqvBwJRTEjRbWfSZIiPEIRcTXkKCbSy8uFCutUMwMrTIQ+XFkl+9uRo1jKcRzozhipoVzUJuR/mpup8NrLKU8zRTiePhRmzFKJNYnIGlBBsGJjDRAWVO9q4SESCCsdZFWH4Cx+eRl0zhuO3XDuLmrNy1kcFTiGEzgDB66gCbfQgjZgeIRneIU348l4Md6Nj2nrijHzHMGfMj5/AG+Kmn8=</latexit><latexit sha1_base64="hjLqxI4Wz2WMl7rBFhIhomD9f4U=">AAACFXicbVDLSsNAFL3xWesr6tJNsAguSklE1GXBjcsK9gFpCJPpJB06mYSZiVBCfsKNv+LGhSJuBXf+jdO0BW29MHDmnHvu3DlByqhUtv1trKyurW9sVraq2zu7e/vmwWFHJpnApI0TlohegCRhlJO2ooqRXioIigNGusHoZqJ3H4iQNOH3apwSL0YRpyHFSGnKN+t5vxziiijwcqdhl1W3F0ER+U7hm7X53VoGc3MNZtXyza/+IMFZTLjCDEnpOnaqvBwJRTEjRbWfSZIiPEIRcTXkKCbSy8uFCutUMwMrTIQ+XFkl+9uRo1jKcRzozhipoVzUJuR/mpup8NrLKU8zRTiePhRmzFKJNYnIGlBBsGJjDRAWVO9q4SESCCsdZFWH4Cx+eRl0zhuO3XDuLmrNy1kcFTiGEzgDB66gCbfQgjZgeIRneIU348l4Md6Nj2nrijHzHMGfMj5/AG+Kmn8=</latexit><latexit sha1_base64="hjLqxI4Wz2WMl7rBFhIhomD9f4U=">AAACFXicbVDLSsNAFL3xWesr6tJNsAguSklE1GXBjcsK9gFpCJPpJB06mYSZiVBCfsKNv+LGhSJuBXf+jdO0BW29MHDmnHvu3DlByqhUtv1trKyurW9sVraq2zu7e/vmwWFHJpnApI0TlohegCRhlJO2ooqRXioIigNGusHoZqJ3H4iQNOH3apwSL0YRpyHFSGnKN+t5vxziiijwcqdhl1W3F0ER+U7hm7X53VoGc3MNZtXyza/+IMFZTLjCDEnpOnaqvBwJRTEjRbWfSZIiPEIRcTXkKCbSy8uFCutUMwMrTIQ+XFkl+9uRo1jKcRzozhipoVzUJuR/mpup8NrLKU8zRTiePhRmzFKJNYnIGlBBsGJjDRAWVO9q4SESCCsdZFWH4Cx+eRl0zhuO3XDuLmrNy1kcFTiGEzgDB66gCbfQgjZgeIRneIU348l4Md6Nj2nrijHzHMGfMj5/AG+Kmn8=</latexit><latexit sha1_base64="hjLqxI4Wz2WMl7rBFhIhomD9f4U=">AAACFXicbVDLSsNAFL3xWesr6tJNsAguSklE1GXBjcsK9gFpCJPpJB06mYSZiVBCfsKNv+LGhSJuBXf+jdO0BW29MHDmnHvu3DlByqhUtv1trKyurW9sVraq2zu7e/vmwWFHJpnApI0TlohegCRhlJO2ooqRXioIigNGusHoZqJ3H4iQNOH3apwSL0YRpyHFSGnKN+t5vxziiijwcqdhl1W3F0ER+U7hm7X53VoGc3MNZtXyza/+IMFZTLjCDEnpOnaqvBwJRTEjRbWfSZIiPEIRcTXkKCbSy8uFCutUMwMrTIQ+XFkl+9uRo1jKcRzozhipoVzUJuR/mpup8NrLKU8zRTiePhRmzFKJNYnIGlBBsGJjDRAWVO9q4SESCCsdZFWH4Cx+eRl0zhuO3XDuLmrNy1kcFTiGEzgDB66gCbfQgjZgeIRneIU348l4Md6Nj2nrijHzHMGfMj5/AG+Kmn8=</latexit>

g2
<latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit>

g3
<latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit>

H3C

H2C
g4

<latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit>

H3C

H2C
O

C
O

CH3 s1
<latexit sha1_base64="LEWQQ/bksJyk6s4Rgb69hws+o20=">AAACFXicdVDLSsNAFL2pr1pfUZduBovgooREfC0LblxWsA9IQ5hMJ+3QyYOZiVBCf8KNv+LGhSJuBXf+jdO0ARU9MHA459w7lxOknEll259GZWl5ZXWtul7b2Nza3jF39zoyyQShbZLwRPQCLClnMW0rpjjtpYLiKOC0G4yvZn73jgrJkvhWTVLqRXgYs5ARrLTkm428XyxxxTDwcseyCzRs66wkc2UqfWfqm/UygcoEKhOotOqwQMs3P/qDhGQRjRXhWErXsVPl5VgoRjid1vqZpCkmYzykrqYxjqj08uKgKTrSygCFidAvVqhQv0/kOJJyEgU6GWE1kr+9mfiX52YqvPRyFqeZojGZfxRmHKkEzSpCAyYoUXyiCSaC6VsRGWGBidJF1r6X8D/pnFiObTk3p/Xm+aKOKhzAIRyDAxfQhGtoQRsI3MMjPMOL8WA8Ga/G2zxaMRYz+/ADxvsXkpqalg==</latexit><latexit sha1_base64="LEWQQ/bksJyk6s4Rgb69hws+o20=">AAACFXicdVDLSsNAFL2pr1pfUZduBovgooREfC0LblxWsA9IQ5hMJ+3QyYOZiVBCf8KNv+LGhSJuBXf+jdO0ARU9MHA459w7lxOknEll259GZWl5ZXWtul7b2Nza3jF39zoyyQShbZLwRPQCLClnMW0rpjjtpYLiKOC0G4yvZn73jgrJkvhWTVLqRXgYs5ARrLTkm428XyxxxTDwcseyCzRs66wkc2UqfWfqm/UygcoEKhOotOqwQMs3P/qDhGQRjRXhWErXsVPl5VgoRjid1vqZpCkmYzykrqYxjqj08uKgKTrSygCFidAvVqhQv0/kOJJyEgU6GWE1kr+9mfiX52YqvPRyFqeZojGZfxRmHKkEzSpCAyYoUXyiCSaC6VsRGWGBidJF1r6X8D/pnFiObTk3p/Xm+aKOKhzAIRyDAxfQhGtoQRsI3MMjPMOL8WA8Ga/G2zxaMRYz+/ADxvsXkpqalg==</latexit><latexit sha1_base64="LEWQQ/bksJyk6s4Rgb69hws+o20=">AAACFXicdVDLSsNAFL2pr1pfUZduBovgooREfC0LblxWsA9IQ5hMJ+3QyYOZiVBCf8KNv+LGhSJuBXf+jdO0ARU9MHA459w7lxOknEll259GZWl5ZXWtul7b2Nza3jF39zoyyQShbZLwRPQCLClnMW0rpjjtpYLiKOC0G4yvZn73jgrJkvhWTVLqRXgYs5ARrLTkm428XyxxxTDwcseyCzRs66wkc2UqfWfqm/UygcoEKhOotOqwQMs3P/qDhGQRjRXhWErXsVPl5VgoRjid1vqZpCkmYzykrqYxjqj08uKgKTrSygCFidAvVqhQv0/kOJJyEgU6GWE1kr+9mfiX52YqvPRyFqeZojGZfxRmHKkEzSpCAyYoUXyiCSaC6VsRGWGBidJF1r6X8D/pnFiObTk3p/Xm+aKOKhzAIRyDAxfQhGtoQRsI3MMjPMOL8WA8Ga/G2zxaMRYz+/ADxvsXkpqalg==</latexit><latexit sha1_base64="LEWQQ/bksJyk6s4Rgb69hws+o20=">AAACFXicdVDLSsNAFL2pr1pfUZduBovgooREfC0LblxWsA9IQ5hMJ+3QyYOZiVBCf8KNv+LGhSJuBXf+jdO0ARU9MHA459w7lxOknEll259GZWl5ZXWtul7b2Nza3jF39zoyyQShbZLwRPQCLClnMW0rpjjtpYLiKOC0G4yvZn73jgrJkvhWTVLqRXgYs5ARrLTkm428XyxxxTDwcseyCzRs66wkc2UqfWfqm/UygcoEKhOotOqwQMs3P/qDhGQRjRXhWErXsVPl5VgoRjid1vqZpCkmYzykrqYxjqj08uKgKTrSygCFidAvVqhQv0/kOJJyEgU6GWE1kr+9mfiX52YqvPRyFqeZojGZfxRmHKkEzSpCAyYoUXyiCSaC6VsRGWGBidJF1r6X8D/pnFiObTk3p/Xm+aKOKhzAIRyDAxfQhGtoQRsI3MMjPMOL8WA8Ga/G2zxaMRYz+/ADxvsXkpqalg==</latexit>

s2
<latexit sha1_base64="70jrsLjzF4Gi9NQIcYK1CMzPMC8=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgexmiGTr0NvHic4D6gKyXN0i0sTUuSCqP0T3jxr3jxoIhXwZv/xqyrMDcfCDx5nvd98+bxY0alsu1vY2V1bX1js7RV3t7Z3ds3Dw47MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHN1O/+0CEpBG/V5OYuCEachpQjJSWPLOa9vMhjhj6bmrXLmx43YDVOWLnyKRXzzyz8nu3lgksSAUUaHnmV38Q4SQkXGGGpHSgHSs3RUJRzEhW7ieSxAiP0ZA4mnIUEumm+UKZdaqVgRVEQh+urFyd70hRKOUk9HVliNRILnpT8T/PSVRw5aaUx4kiHM8eChJmqciaRmQNqCBYsYkmCAuqd7XwCAmElQ6yrEOAi19eJp16Ddo1eHdeaTaKOErgGJyAMwDBJWiCW9ACbYDBI3gGr+DNeDJejHfjY1a6YhQ9R+APjM8fyAeatw==</latexit><latexit sha1_base64="70jrsLjzF4Gi9NQIcYK1CMzPMC8=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgexmiGTr0NvHic4D6gKyXN0i0sTUuSCqP0T3jxr3jxoIhXwZv/xqyrMDcfCDx5nvd98+bxY0alsu1vY2V1bX1js7RV3t7Z3ds3Dw47MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHN1O/+0CEpBG/V5OYuCEachpQjJSWPLOa9vMhjhj6bmrXLmx43YDVOWLnyKRXzzyz8nu3lgksSAUUaHnmV38Q4SQkXGGGpHSgHSs3RUJRzEhW7ieSxAiP0ZA4mnIUEumm+UKZdaqVgRVEQh+urFyd70hRKOUk9HVliNRILnpT8T/PSVRw5aaUx4kiHM8eChJmqciaRmQNqCBYsYkmCAuqd7XwCAmElQ6yrEOAi19eJp16Ddo1eHdeaTaKOErgGJyAMwDBJWiCW9ACbYDBI3gGr+DNeDJejHfjY1a6YhQ9R+APjM8fyAeatw==</latexit><latexit sha1_base64="70jrsLjzF4Gi9NQIcYK1CMzPMC8=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgexmiGTr0NvHic4D6gKyXN0i0sTUuSCqP0T3jxr3jxoIhXwZv/xqyrMDcfCDx5nvd98+bxY0alsu1vY2V1bX1js7RV3t7Z3ds3Dw47MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHN1O/+0CEpBG/V5OYuCEachpQjJSWPLOa9vMhjhj6bmrXLmx43YDVOWLnyKRXzzyz8nu3lgksSAUUaHnmV38Q4SQkXGGGpHSgHSs3RUJRzEhW7ieSxAiP0ZA4mnIUEumm+UKZdaqVgRVEQh+urFyd70hRKOUk9HVliNRILnpT8T/PSVRw5aaUx4kiHM8eChJmqciaRmQNqCBYsYkmCAuqd7XwCAmElQ6yrEOAi19eJp16Ddo1eHdeaTaKOErgGJyAMwDBJWiCW9ACbYDBI3gGr+DNeDJejHfjY1a6YhQ9R+APjM8fyAeatw==</latexit><latexit sha1_base64="70jrsLjzF4Gi9NQIcYK1CMzPMC8=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgexmiGTr0NvHic4D6gKyXN0i0sTUuSCqP0T3jxr3jxoIhXwZv/xqyrMDcfCDx5nvd98+bxY0alsu1vY2V1bX1js7RV3t7Z3ds3Dw47MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHN1O/+0CEpBG/V5OYuCEachpQjJSWPLOa9vMhjhj6bmrXLmx43YDVOWLnyKRXzzyz8nu3lgksSAUUaHnmV38Q4SQkXGGGpHSgHSs3RUJRzEhW7ieSxAiP0ZA4mnIUEumm+UKZdaqVgRVEQh+urFyd70hRKOUk9HVliNRILnpT8T/PSVRw5aaUx4kiHM8eChJmqciaRmQNqCBYsYkmCAuqd7XwCAmElQ6yrEOAi19eJp16Ddo1eHdeaTaKOErgGJyAMwDBJWiCW9ACbYDBI3gGr+DNeDJejHfjY1a6YhQ9R+APjM8fyAeatw==</latexit>

O
C

O

CH3

H3C

H2C
g4

<latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit>

s3
<latexit sha1_base64="O4a2RtYcH0JqFk00YP5T/YrHV9E=">AAACFXicdVBLS8NAGNz4rPUV9ehlsQgeSkh8VL0VvHisYB+QhrDZbtqlmwe7G6GE/Akv/hUvHhTxKnjz37hJ06KiAwvDzHy7344XMyqkaX5qC4tLyyurlbXq+sbm1ra+s9sRUcIxaeOIRbznIUEYDUlbUslIL+YEBR4jXW98lfvdO8IFjcJbOYmJE6BhSH2KkVSSq9fTfnGJzYeek5rGmWldNqy6aZgF5iQT7knm6rU8kQPODDhXrFKpgRItV//oDyKcBCSUmCEhbMuMpZMiLilmJKv2E0FihMdoSGxFQxQQ4aTFQhk8VMoA+hFXJ5SwUL9PpCgQYhJ4KhkgORK/vVz8y7MT6V84KQ3jRJIQTx/yEwZlBPOK4IBygiWbKIIwp2pXiEeIIyxVkVVVwuyn8H/SOTYs07BuTmvNRllHBeyDA3AELHAOmuAatEAbYHAPHsEzeNEetCftVXubRhe0cmYP/ID2/gW1Xpqs</latexit><latexit sha1_base64="O4a2RtYcH0JqFk00YP5T/YrHV9E=">AAACFXicdVBLS8NAGNz4rPUV9ehlsQgeSkh8VL0VvHisYB+QhrDZbtqlmwe7G6GE/Akv/hUvHhTxKnjz37hJ06KiAwvDzHy7344XMyqkaX5qC4tLyyurlbXq+sbm1ra+s9sRUcIxaeOIRbznIUEYDUlbUslIL+YEBR4jXW98lfvdO8IFjcJbOYmJE6BhSH2KkVSSq9fTfnGJzYeek5rGmWldNqy6aZgF5iQT7knm6rU8kQPODDhXrFKpgRItV//oDyKcBCSUmCEhbMuMpZMiLilmJKv2E0FihMdoSGxFQxQQ4aTFQhk8VMoA+hFXJ5SwUL9PpCgQYhJ4KhkgORK/vVz8y7MT6V84KQ3jRJIQTx/yEwZlBPOK4IBygiWbKIIwp2pXiEeIIyxVkVVVwuyn8H/SOTYs07BuTmvNRllHBeyDA3AELHAOmuAatEAbYHAPHsEzeNEetCftVXubRhe0cmYP/ID2/gW1Xpqs</latexit><latexit sha1_base64="O4a2RtYcH0JqFk00YP5T/YrHV9E=">AAACFXicdVBLS8NAGNz4rPUV9ehlsQgeSkh8VL0VvHisYB+QhrDZbtqlmwe7G6GE/Akv/hUvHhTxKnjz37hJ06KiAwvDzHy7344XMyqkaX5qC4tLyyurlbXq+sbm1ra+s9sRUcIxaeOIRbznIUEYDUlbUslIL+YEBR4jXW98lfvdO8IFjcJbOYmJE6BhSH2KkVSSq9fTfnGJzYeek5rGmWldNqy6aZgF5iQT7knm6rU8kQPODDhXrFKpgRItV//oDyKcBCSUmCEhbMuMpZMiLilmJKv2E0FihMdoSGxFQxQQ4aTFQhk8VMoA+hFXJ5SwUL9PpCgQYhJ4KhkgORK/vVz8y7MT6V84KQ3jRJIQTx/yEwZlBPOK4IBygiWbKIIwp2pXiEeIIyxVkVVVwuyn8H/SOTYs07BuTmvNRllHBeyDA3AELHAOmuAatEAbYHAPHsEzeNEetCftVXubRhe0cmYP/ID2/gW1Xpqs</latexit><latexit sha1_base64="O4a2RtYcH0JqFk00YP5T/YrHV9E=">AAACFXicdVBLS8NAGNz4rPUV9ehlsQgeSkh8VL0VvHisYB+QhrDZbtqlmwe7G6GE/Akv/hUvHhTxKnjz37hJ06KiAwvDzHy7344XMyqkaX5qC4tLyyurlbXq+sbm1ra+s9sRUcIxaeOIRbznIUEYDUlbUslIL+YEBR4jXW98lfvdO8IFjcJbOYmJE6BhSH2KkVSSq9fTfnGJzYeek5rGmWldNqy6aZgF5iQT7knm6rU8kQPODDhXrFKpgRItV//oDyKcBCSUmCEhbMuMpZMiLilmJKv2E0FihMdoSGxFQxQQ4aTFQhk8VMoA+hFXJ5SwUL9PpCgQYhJ4KhkgORK/vVz8y7MT6V84KQ3jRJIQTx/yEwZlBPOK4IBygiWbKIIwp2pXiEeIIyxVkVVVwuyn8H/SOTYs07BuTmvNRllHBeyDA3AELHAOmuAatEAbYHAPHsEzeNEetCftVXubRhe0cmYP/ID2/gW1Xpqs</latexit>
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C
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CH3

H3C

H2C

s4
<latexit sha1_base64="ynyxT3v1ffefUH0Vm2cb08O4Hxs=">AAACFXicdZBNS8MwGMfT+TbnW9Wjl+AQPIzRynw5Drx4nOBeoCslzdItLE1Lkgqj9Et48at48aCIV8Gb38Z0a0VFHwj883te8uTvx4xKZVkfRmVpeWV1rbpe29jc2t4xd/d6MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0venl3m+f0uEpBG/UbOYuCEacxpQjJRGntlIh/Mhjhj7bmo1T608GlbTKsWCZNJrZZ5ZL++wrIBfxC5IHRTR8cz34SjCSUi4wgxJ6dhWrNwUCUUxI1ltmEgSIzxFY+JoyVFIpJvOF8rgkSYjGERCH67gnH7vSFEo5Sz0dWWI1ET+zuXwr5yTqODCTSmPE0U4XjwUJAyqCOYWwREVBCs20wJhQfWuEE+QQFhpI2vahPKn8H/RO2naVtO+btXbZ4UdVXAADsExsME5aIMr0AFdgMEdeABP4Nm4Nx6NF+N1UVoxip598COMt0+jQ5qh</latexit><latexit sha1_base64="ynyxT3v1ffefUH0Vm2cb08O4Hxs=">AAACFXicdZBNS8MwGMfT+TbnW9Wjl+AQPIzRynw5Drx4nOBeoCslzdItLE1Lkgqj9Et48at48aCIV8Gb38Z0a0VFHwj883te8uTvx4xKZVkfRmVpeWV1rbpe29jc2t4xd/d6MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0venl3m+f0uEpBG/UbOYuCEacxpQjJRGntlIh/Mhjhj7bmo1T608GlbTKsWCZNJrZZ5ZL++wrIBfxC5IHRTR8cz34SjCSUi4wgxJ6dhWrNwUCUUxI1ltmEgSIzxFY+JoyVFIpJvOF8rgkSYjGERCH67gnH7vSFEo5Sz0dWWI1ET+zuXwr5yTqODCTSmPE0U4XjwUJAyqCOYWwREVBCs20wJhQfWuEE+QQFhpI2vahPKn8H/RO2naVtO+btXbZ4UdVXAADsExsME5aIMr0AFdgMEdeABP4Nm4Nx6NF+N1UVoxip598COMt0+jQ5qh</latexit><latexit sha1_base64="ynyxT3v1ffefUH0Vm2cb08O4Hxs=">AAACFXicdZBNS8MwGMfT+TbnW9Wjl+AQPIzRynw5Drx4nOBeoCslzdItLE1Lkgqj9Et48at48aCIV8Gb38Z0a0VFHwj883te8uTvx4xKZVkfRmVpeWV1rbpe29jc2t4xd/d6MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0venl3m+f0uEpBG/UbOYuCEacxpQjJRGntlIh/Mhjhj7bmo1T608GlbTKsWCZNJrZZ5ZL++wrIBfxC5IHRTR8cz34SjCSUi4wgxJ6dhWrNwUCUUxI1ltmEgSIzxFY+JoyVFIpJvOF8rgkSYjGERCH67gnH7vSFEo5Sz0dWWI1ET+zuXwr5yTqODCTSmPE0U4XjwUJAyqCOYWwREVBCs20wJhQfWuEE+QQFhpI2vahPKn8H/RO2naVtO+btXbZ4UdVXAADsExsME5aIMr0AFdgMEdeABP4Nm4Nx6NF+N1UVoxip598COMt0+jQ5qh</latexit><latexit sha1_base64="ynyxT3v1ffefUH0Vm2cb08O4Hxs=">AAACFXicdZBNS8MwGMfT+TbnW9Wjl+AQPIzRynw5Drx4nOBeoCslzdItLE1Lkgqj9Et48at48aCIV8Gb38Z0a0VFHwj883te8uTvx4xKZVkfRmVpeWV1rbpe29jc2t4xd/d6MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0venl3m+f0uEpBG/UbOYuCEacxpQjJRGntlIh/Mhjhj7bmo1T608GlbTKsWCZNJrZZ5ZL++wrIBfxC5IHRTR8cz34SjCSUi4wgxJ6dhWrNwUCUUxI1ltmEgSIzxFY+JoyVFIpJvOF8rgkSYjGERCH67gnH7vSFEo5Sz0dWWI1ET+zuXwr5yTqODCTSmPE0U4XjwUJAyqCOYWwREVBCs20wJhQfWuEE+QQFhpI2vahPKn8H/RO2naVtO+btXbZ4UdVXAADsExsME5aIMr0AFdgMEdeABP4Nm4Nx6NF+N1UVoxip598COMt0+jQ5qh</latexit>

Corresponding Skeletal Diagrams
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Breaking Down Skeletons (cont.)

O
C

O

CH3

H3C

H2C

s4
<latexit sha1_base64="ynyxT3v1ffefUH0Vm2cb08O4Hxs=">AAACFXicdZBNS8MwGMfT+TbnW9Wjl+AQPIzRynw5Drx4nOBeoCslzdItLE1Lkgqj9Et48at48aCIV8Gb38Z0a0VFHwj883te8uTvx4xKZVkfRmVpeWV1rbpe29jc2t4xd/d6MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0venl3m+f0uEpBG/UbOYuCEacxpQjJRGntlIh/Mhjhj7bmo1T608GlbTKsWCZNJrZZ5ZL++wrIBfxC5IHRTR8cz34SjCSUi4wgxJ6dhWrNwUCUUxI1ltmEgSIzxFY+JoyVFIpJvOF8rgkSYjGERCH67gnH7vSFEo5Sz0dWWI1ET+zuXwr5yTqODCTSmPE0U4XjwUJAyqCOYWwREVBCs20wJhQfWuEE+QQFhpI2vahPKn8H/RO2naVtO+btXbZ4UdVXAADsExsME5aIMr0AFdgMEdeABP4Nm4Nx6NF+N1UVoxip598COMt0+jQ5qh</latexit><latexit sha1_base64="ynyxT3v1ffefUH0Vm2cb08O4Hxs=">AAACFXicdZBNS8MwGMfT+TbnW9Wjl+AQPIzRynw5Drx4nOBeoCslzdItLE1Lkgqj9Et48at48aCIV8Gb38Z0a0VFHwj883te8uTvx4xKZVkfRmVpeWV1rbpe29jc2t4xd/d6MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0venl3m+f0uEpBG/UbOYuCEacxpQjJRGntlIh/Mhjhj7bmo1T608GlbTKsWCZNJrZZ5ZL++wrIBfxC5IHRTR8cz34SjCSUi4wgxJ6dhWrNwUCUUxI1ltmEgSIzxFY+JoyVFIpJvOF8rgkSYjGERCH67gnH7vSFEo5Sz0dWWI1ET+zuXwr5yTqODCTSmPE0U4XjwUJAyqCOYWwREVBCs20wJhQfWuEE+QQFhpI2vahPKn8H/RO2naVtO+btXbZ4UdVXAADsExsME5aIMr0AFdgMEdeABP4Nm4Nx6NF+N1UVoxip598COMt0+jQ5qh</latexit><latexit sha1_base64="ynyxT3v1ffefUH0Vm2cb08O4Hxs=">AAACFXicdZBNS8MwGMfT+TbnW9Wjl+AQPIzRynw5Drx4nOBeoCslzdItLE1Lkgqj9Et48at48aCIV8Gb38Z0a0VFHwj883te8uTvx4xKZVkfRmVpeWV1rbpe29jc2t4xd/d6MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0venl3m+f0uEpBG/UbOYuCEacxpQjJRGntlIh/Mhjhj7bmo1T608GlbTKsWCZNJrZZ5ZL++wrIBfxC5IHRTR8cz34SjCSUi4wgxJ6dhWrNwUCUUxI1ltmEgSIzxFY+JoyVFIpJvOF8rgkSYjGERCH67gnH7vSFEo5Sz0dWWI1ET+zuXwr5yTqODCTSmPE0U4XjwUJAyqCOYWwREVBCs20wJhQfWuEE+QQFhpI2vahPKn8H/RO2naVtO+btXbZ4UdVXAADsExsME5aIMr0AFdgMEdeABP4Nm4Nx6NF+N1UVoxip598COMt0+jQ5qh</latexit><latexit sha1_base64="ynyxT3v1ffefUH0Vm2cb08O4Hxs=">AAACFXicdZBNS8MwGMfT+TbnW9Wjl+AQPIzRynw5Drx4nOBeoCslzdItLE1Lkgqj9Et48at48aCIV8Gb38Z0a0VFHwj883te8uTvx4xKZVkfRmVpeWV1rbpe29jc2t4xd/d6MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0venl3m+f0uEpBG/UbOYuCEacxpQjJRGntlIh/Mhjhj7bmo1T608GlbTKsWCZNJrZZ5ZL++wrIBfxC5IHRTR8cz34SjCSUi4wgxJ6dhWrNwUCUUxI1ltmEgSIzxFY+JoyVFIpJvOF8rgkSYjGERCH67gnH7vSFEo5Sz0dWWI1ET+zuXwr5yTqODCTSmPE0U4XjwUJAyqCOYWwREVBCs20wJhQfWuEE+QQFhpI2vahPKn8H/RO2naVtO+btXbZ4UdVXAADsExsME5aIMr0AFdgMEdeABP4Nm4Nx6NF+N1UVoxip598COMt0+jQ5qh</latexit>

∀x ethyl acetate(x) ⊃ skeleton(x)

H3C

H2C
O

C
O

CH3 s1
<latexit sha1_base64="LEWQQ/bksJyk6s4Rgb69hws+o20=">AAACFXicdVDLSsNAFL2pr1pfUZduBovgooREfC0LblxWsA9IQ5hMJ+3QyYOZiVBCf8KNv+LGhSJuBXf+jdO0ARU9MHA459w7lxOknEll259GZWl5ZXWtul7b2Nza3jF39zoyyQShbZLwRPQCLClnMW0rpjjtpYLiKOC0G4yvZn73jgrJkvhWTVLqRXgYs5ARrLTkm428XyxxxTDwcseyCzRs66wkc2UqfWfqm/UygcoEKhOotOqwQMs3P/qDhGQRjRXhWErXsVPl5VgoRjid1vqZpCkmYzykrqYxjqj08uKgKTrSygCFidAvVqhQv0/kOJJyEgU6GWE1kr+9mfiX52YqvPRyFqeZojGZfxRmHKkEzSpCAyYoUXyiCSaC6VsRGWGBidJF1r6X8D/pnFiObTk3p/Xm+aKOKhzAIRyDAxfQhGtoQRsI3MMjPMOL8WA8Ga/G2zxaMRYz+/ADxvsXkpqalg==</latexit><latexit sha1_base64="LEWQQ/bksJyk6s4Rgb69hws+o20=">AAACFXicdVDLSsNAFL2pr1pfUZduBovgooREfC0LblxWsA9IQ5hMJ+3QyYOZiVBCf8KNv+LGhSJuBXf+jdO0ARU9MHA459w7lxOknEll259GZWl5ZXWtul7b2Nza3jF39zoyyQShbZLwRPQCLClnMW0rpjjtpYLiKOC0G4yvZn73jgrJkvhWTVLqRXgYs5ARrLTkm428XyxxxTDwcseyCzRs66wkc2UqfWfqm/UygcoEKhOotOqwQMs3P/qDhGQRjRXhWErXsVPl5VgoRjid1vqZpCkmYzykrqYxjqj08uKgKTrSygCFidAvVqhQv0/kOJJyEgU6GWE1kr+9mfiX52YqvPRyFqeZojGZfxRmHKkEzSpCAyYoUXyiCSaC6VsRGWGBidJF1r6X8D/pnFiObTk3p/Xm+aKOKhzAIRyDAxfQhGtoQRsI3MMjPMOL8WA8Ga/G2zxaMRYz+/ADxvsXkpqalg==</latexit><latexit sha1_base64="LEWQQ/bksJyk6s4Rgb69hws+o20=">AAACFXicdVDLSsNAFL2pr1pfUZduBovgooREfC0LblxWsA9IQ5hMJ+3QyYOZiVBCf8KNv+LGhSJuBXf+jdO0ARU9MHA459w7lxOknEll259GZWl5ZXWtul7b2Nza3jF39zoyyQShbZLwRPQCLClnMW0rpjjtpYLiKOC0G4yvZn73jgrJkvhWTVLqRXgYs5ARrLTkm428XyxxxTDwcseyCzRs66wkc2UqfWfqm/UygcoEKhOotOqwQMs3P/qDhGQRjRXhWErXsVPl5VgoRjid1vqZpCkmYzykrqYxjqj08uKgKTrSygCFidAvVqhQv0/kOJJyEgU6GWE1kr+9mfiX52YqvPRyFqeZojGZfxRmHKkEzSpCAyYoUXyiCSaC6VsRGWGBidJF1r6X8D/pnFiObTk3p/Xm+aKOKhzAIRyDAxfQhGtoQRsI3MMjPMOL8WA8Ga/G2zxaMRYz+/ADxvsXkpqalg==</latexit><latexit sha1_base64="LEWQQ/bksJyk6s4Rgb69hws+o20=">AAACFXicdVDLSsNAFL2pr1pfUZduBovgooREfC0LblxWsA9IQ5hMJ+3QyYOZiVBCf8KNv+LGhSJuBXf+jdO0ARU9MHA459w7lxOknEll259GZWl5ZXWtul7b2Nza3jF39zoyyQShbZLwRPQCLClnMW0rpjjtpYLiKOC0G4yvZn73jgrJkvhWTVLqRXgYs5ARrLTkm428XyxxxTDwcseyCzRs66wkc2UqfWfqm/UygcoEKhOotOqwQMs3P/qDhGQRjRXhWErXsVPl5VgoRjid1vqZpCkmYzykrqYxjqj08uKgKTrSygCFidAvVqhQv0/kOJJyEgU6GWE1kr+9mfiX52YqvPRyFqeZojGZfxRmHKkEzSpCAyYoUXyiCSaC6VsRGWGBidJF1r6X8D/pnFiObTk3p/Xm+aKOKhzAIRyDAxfQhGtoQRsI3MMjPMOL8WA8Ga/G2zxaMRYz+/ADxvsXkpqalg==</latexit>

s2
<latexit sha1_base64="70jrsLjzF4Gi9NQIcYK1CMzPMC8=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgexmiGTr0NvHic4D6gKyXN0i0sTUuSCqP0T3jxr3jxoIhXwZv/xqyrMDcfCDx5nvd98+bxY0alsu1vY2V1bX1js7RV3t7Z3ds3Dw47MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHN1O/+0CEpBG/V5OYuCEachpQjJSWPLOa9vMhjhj6bmrXLmx43YDVOWLnyKRXzzyz8nu3lgksSAUUaHnmV38Q4SQkXGGGpHSgHSs3RUJRzEhW7ieSxAiP0ZA4mnIUEumm+UKZdaqVgRVEQh+urFyd70hRKOUk9HVliNRILnpT8T/PSVRw5aaUx4kiHM8eChJmqciaRmQNqCBYsYkmCAuqd7XwCAmElQ6yrEOAi19eJp16Ddo1eHdeaTaKOErgGJyAMwDBJWiCW9ACbYDBI3gGr+DNeDJejHfjY1a6YhQ9R+APjM8fyAeatw==</latexit><latexit sha1_base64="70jrsLjzF4Gi9NQIcYK1CMzPMC8=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgexmiGTr0NvHic4D6gKyXN0i0sTUuSCqP0T3jxr3jxoIhXwZv/xqyrMDcfCDx5nvd98+bxY0alsu1vY2V1bX1js7RV3t7Z3ds3Dw47MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHN1O/+0CEpBG/V5OYuCEachpQjJSWPLOa9vMhjhj6bmrXLmx43YDVOWLnyKRXzzyz8nu3lgksSAUUaHnmV38Q4SQkXGGGpHSgHSs3RUJRzEhW7ieSxAiP0ZA4mnIUEumm+UKZdaqVgRVEQh+urFyd70hRKOUk9HVliNRILnpT8T/PSVRw5aaUx4kiHM8eChJmqciaRmQNqCBYsYkmCAuqd7XwCAmElQ6yrEOAi19eJp16Ddo1eHdeaTaKOErgGJyAMwDBJWiCW9ACbYDBI3gGr+DNeDJejHfjY1a6YhQ9R+APjM8fyAeatw==</latexit><latexit sha1_base64="70jrsLjzF4Gi9NQIcYK1CMzPMC8=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgexmiGTr0NvHic4D6gKyXN0i0sTUuSCqP0T3jxr3jxoIhXwZv/xqyrMDcfCDx5nvd98+bxY0alsu1vY2V1bX1js7RV3t7Z3ds3Dw47MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHN1O/+0CEpBG/V5OYuCEachpQjJSWPLOa9vMhjhj6bmrXLmx43YDVOWLnyKRXzzyz8nu3lgksSAUUaHnmV38Q4SQkXGGGpHSgHSs3RUJRzEhW7ieSxAiP0ZA4mnIUEumm+UKZdaqVgRVEQh+urFyd70hRKOUk9HVliNRILnpT8T/PSVRw5aaUx4kiHM8eChJmqciaRmQNqCBYsYkmCAuqd7XwCAmElQ6yrEOAi19eJp16Ddo1eHdeaTaKOErgGJyAMwDBJWiCW9ACbYDBI3gGr+DNeDJejHfjY1a6YhQ9R+APjM8fyAeatw==</latexit><latexit sha1_base64="70jrsLjzF4Gi9NQIcYK1CMzPMC8=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgexmiGTr0NvHic4D6gKyXN0i0sTUuSCqP0T3jxr3jxoIhXwZv/xqyrMDcfCDx5nvd98+bxY0alsu1vY2V1bX1js7RV3t7Z3ds3Dw47MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHN1O/+0CEpBG/V5OYuCEachpQjJSWPLOa9vMhjhj6bmrXLmx43YDVOWLnyKRXzzyz8nu3lgksSAUUaHnmV38Q4SQkXGGGpHSgHSs3RUJRzEhW7ieSxAiP0ZA4mnIUEumm+UKZdaqVgRVEQh+urFyd70hRKOUk9HVliNRILnpT8T/PSVRw5aaUx4kiHM8eChJmqciaRmQNqCBYsYkmCAuqd7XwCAmElQ6yrEOAi19eJp16Ddo1eHdeaTaKOErgGJyAMwDBJWiCW9ACbYDBI3gGr+DNeDJejHfjY1a6YhQ9R+APjM8fyAeatw==</latexit>

∀x ethyl acetate(x) ≡ ∃s1∃s2∃b1 skeleton(x)∧

acetic acid(s1) ∧ ethanol(s2)∧

mol(s1, x) ∧ mol(s2, x)∧

tether(s1, s2, b1)

O
C

O

CH3

H3C

H2C
g4

<latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit>

s3
<latexit sha1_base64="O4a2RtYcH0JqFk00YP5T/YrHV9E=">AAACFXicdVBLS8NAGNz4rPUV9ehlsQgeSkh8VL0VvHisYB+QhrDZbtqlmwe7G6GE/Akv/hUvHhTxKnjz37hJ06KiAwvDzHy7344XMyqkaX5qC4tLyyurlbXq+sbm1ra+s9sRUcIxaeOIRbznIUEYDUlbUslIL+YEBR4jXW98lfvdO8IFjcJbOYmJE6BhSH2KkVSSq9fTfnGJzYeek5rGmWldNqy6aZgF5iQT7knm6rU8kQPODDhXrFKpgRItV//oDyKcBCSUmCEhbMuMpZMiLilmJKv2E0FihMdoSGxFQxQQ4aTFQhk8VMoA+hFXJ5SwUL9PpCgQYhJ4KhkgORK/vVz8y7MT6V84KQ3jRJIQTx/yEwZlBPOK4IBygiWbKIIwp2pXiEeIIyxVkVVVwuyn8H/SOTYs07BuTmvNRllHBeyDA3AELHAOmuAatEAbYHAPHsEzeNEetCftVXubRhe0cmYP/ID2/gW1Xpqs</latexit><latexit sha1_base64="O4a2RtYcH0JqFk00YP5T/YrHV9E=">AAACFXicdVBLS8NAGNz4rPUV9ehlsQgeSkh8VL0VvHisYB+QhrDZbtqlmwe7G6GE/Akv/hUvHhTxKnjz37hJ06KiAwvDzHy7344XMyqkaX5qC4tLyyurlbXq+sbm1ra+s9sRUcIxaeOIRbznIUEYDUlbUslIL+YEBR4jXW98lfvdO8IFjcJbOYmJE6BhSH2KkVSSq9fTfnGJzYeek5rGmWldNqy6aZgF5iQT7knm6rU8kQPODDhXrFKpgRItV//oDyKcBCSUmCEhbMuMpZMiLilmJKv2E0FihMdoSGxFQxQQ4aTFQhk8VMoA+hFXJ5SwUL9PpCgQYhJ4KhkgORK/vVz8y7MT6V84KQ3jRJIQTx/yEwZlBPOK4IBygiWbKIIwp2pXiEeIIyxVkVVVwuyn8H/SOTYs07BuTmvNRllHBeyDA3AELHAOmuAatEAbYHAPHsEzeNEetCftVXubRhe0cmYP/ID2/gW1Xpqs</latexit><latexit sha1_base64="O4a2RtYcH0JqFk00YP5T/YrHV9E=">AAACFXicdVBLS8NAGNz4rPUV9ehlsQgeSkh8VL0VvHisYB+QhrDZbtqlmwe7G6GE/Akv/hUvHhTxKnjz37hJ06KiAwvDzHy7344XMyqkaX5qC4tLyyurlbXq+sbm1ra+s9sRUcIxaeOIRbznIUEYDUlbUslIL+YEBR4jXW98lfvdO8IFjcJbOYmJE6BhSH2KkVSSq9fTfnGJzYeek5rGmWldNqy6aZgF5iQT7knm6rU8kQPODDhXrFKpgRItV//oDyKcBCSUmCEhbMuMpZMiLilmJKv2E0FihMdoSGxFQxQQ4aTFQhk8VMoA+hFXJ5SwUL9PpCgQYhJ4KhkgORK/vVz8y7MT6V84KQ3jRJIQTx/yEwZlBPOK4IBygiWbKIIwp2pXiEeIIyxVkVVVwuyn8H/SOTYs07BuTmvNRllHBeyDA3AELHAOmuAatEAbYHAPHsEzeNEetCftVXubRhe0cmYP/ID2/gW1Xpqs</latexit><latexit sha1_base64="O4a2RtYcH0JqFk00YP5T/YrHV9E=">AAACFXicdVBLS8NAGNz4rPUV9ehlsQgeSkh8VL0VvHisYB+QhrDZbtqlmwe7G6GE/Akv/hUvHhTxKnjz37hJ06KiAwvDzHy7344XMyqkaX5qC4tLyyurlbXq+sbm1ra+s9sRUcIxaeOIRbznIUEYDUlbUslIL+YEBR4jXW98lfvdO8IFjcJbOYmJE6BhSH2KkVSSq9fTfnGJzYeek5rGmWldNqy6aZgF5iQT7knm6rU8kQPODDhXrFKpgRItV//oDyKcBCSUmCEhbMuMpZMiLilmJKv2E0FihMdoSGxFQxQQ4aTFQhk8VMoA+hFXJ5SwUL9PpCgQYhJ4KhkgORK/vVz8y7MT6V84KQ3jRJIQTx/yEwZlBPOK4IBygiWbKIIwp2pXiEeIIyxVkVVVwuyn8H/SOTYs07BuTmvNRllHBeyDA3AELHAOmuAatEAbYHAPHsEzeNEetCftVXubRhe0cmYP/ID2/gW1Xpqs</latexit>

∀x ethyl acetate(x) ≡ ∃g4∃s3∃b1 skeleton(x)∧

acetyl oxy(s3) ∧ ethane(g4)∧

mol(s3, x) ∧ mol(g4, x)∧

tether(s1, s2, b1)

O
C

O

CH3

g1
<latexit sha1_base64="hjLqxI4Wz2WMl7rBFhIhomD9f4U=">AAACFXicbVDLSsNAFL3xWesr6tJNsAguSklE1GXBjcsK9gFpCJPpJB06mYSZiVBCfsKNv+LGhSJuBXf+jdO0BW29MHDmnHvu3DlByqhUtv1trKyurW9sVraq2zu7e/vmwWFHJpnApI0TlohegCRhlJO2ooqRXioIigNGusHoZqJ3H4iQNOH3apwSL0YRpyHFSGnKN+t5vxziiijwcqdhl1W3F0ER+U7hm7X53VoGc3MNZtXyza/+IMFZTLjCDEnpOnaqvBwJRTEjRbWfSZIiPEIRcTXkKCbSy8uFCutUMwMrTIQ+XFkl+9uRo1jKcRzozhipoVzUJuR/mpup8NrLKU8zRTiePhRmzFKJNYnIGlBBsGJjDRAWVO9q4SESCCsdZFWH4Cx+eRl0zhuO3XDuLmrNy1kcFTiGEzgDB66gCbfQgjZgeIRneIU348l4Md6Nj2nrijHzHMGfMj5/AG+Kmn8=</latexit><latexit sha1_base64="hjLqxI4Wz2WMl7rBFhIhomD9f4U=">AAACFXicbVDLSsNAFL3xWesr6tJNsAguSklE1GXBjcsK9gFpCJPpJB06mYSZiVBCfsKNv+LGhSJuBXf+jdO0BW29MHDmnHvu3DlByqhUtv1trKyurW9sVraq2zu7e/vmwWFHJpnApI0TlohegCRhlJO2ooqRXioIigNGusHoZqJ3H4iQNOH3apwSL0YRpyHFSGnKN+t5vxziiijwcqdhl1W3F0ER+U7hm7X53VoGc3MNZtXyza/+IMFZTLjCDEnpOnaqvBwJRTEjRbWfSZIiPEIRcTXkKCbSy8uFCutUMwMrTIQ+XFkl+9uRo1jKcRzozhipoVzUJuR/mpup8NrLKU8zRTiePhRmzFKJNYnIGlBBsGJjDRAWVO9q4SESCCsdZFWH4Cx+eRl0zhuO3XDuLmrNy1kcFTiGEzgDB66gCbfQgjZgeIRneIU348l4Md6Nj2nrijHzHMGfMj5/AG+Kmn8=</latexit><latexit sha1_base64="hjLqxI4Wz2WMl7rBFhIhomD9f4U=">AAACFXicbVDLSsNAFL3xWesr6tJNsAguSklE1GXBjcsK9gFpCJPpJB06mYSZiVBCfsKNv+LGhSJuBXf+jdO0BW29MHDmnHvu3DlByqhUtv1trKyurW9sVraq2zu7e/vmwWFHJpnApI0TlohegCRhlJO2ooqRXioIigNGusHoZqJ3H4iQNOH3apwSL0YRpyHFSGnKN+t5vxziiijwcqdhl1W3F0ER+U7hm7X53VoGc3MNZtXyza/+IMFZTLjCDEnpOnaqvBwJRTEjRbWfSZIiPEIRcTXkKCbSy8uFCutUMwMrTIQ+XFkl+9uRo1jKcRzozhipoVzUJuR/mpup8NrLKU8zRTiePhRmzFKJNYnIGlBBsGJjDRAWVO9q4SESCCsdZFWH4Cx+eRl0zhuO3XDuLmrNy1kcFTiGEzgDB66gCbfQgjZgeIRneIU348l4Md6Nj2nrijHzHMGfMj5/AG+Kmn8=</latexit><latexit sha1_base64="hjLqxI4Wz2WMl7rBFhIhomD9f4U=">AAACFXicbVDLSsNAFL3xWesr6tJNsAguSklE1GXBjcsK9gFpCJPpJB06mYSZiVBCfsKNv+LGhSJuBXf+jdO0BW29MHDmnHvu3DlByqhUtv1trKyurW9sVraq2zu7e/vmwWFHJpnApI0TlohegCRhlJO2ooqRXioIigNGusHoZqJ3H4iQNOH3apwSL0YRpyHFSGnKN+t5vxziiijwcqdhl1W3F0ER+U7hm7X53VoGc3MNZtXyza/+IMFZTLjCDEnpOnaqvBwJRTEjRbWfSZIiPEIRcTXkKCbSy8uFCutUMwMrTIQ+XFkl+9uRo1jKcRzozhipoVzUJuR/mpup8NrLKU8zRTiePhRmzFKJNYnIGlBBsGJjDRAWVO9q4SESCCsdZFWH4Cx+eRl0zhuO3XDuLmrNy1kcFTiGEzgDB66gCbfQgjZgeIRneIU348l4Md6Nj2nrijHzHMGfMj5/AG+Kmn8=</latexit>

g2
<latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit><latexit sha1_base64="wGcAWwX1fk4++IFbnm0oSKiUU50=">AAACFXicbVBNS8MwGE79nPOr6tFLcAgeRmmHTI8DLx4nuA/oSkmztAtLP0hSYZT+CS/+FS8eFPEqePPfmHYd6OYDIU+e532TN4+XMCqkaX5ra+sbm1vbtZ367t7+waF+dNwXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296U/iDB8IFjaN7OUuIE6Igoj7FSCrJ1ZvZqLzE5oHnZKbRMgs0TaO9IOVu5oHbyl29sTjDVWJVpAEqdF39azSOcRqSSGKGhLAtM5FOhrikmJG8PkoFSRCeooDYikYoJMLJyoFyeK6UMfRjrlYkYan+7shQKMQs9FRliORELHuF+J9np9K/djIaJakkEZ4/5KcMyhgWEcEx5QRLNlMEYU7VrBBPEEdYqiDrKgRr+curpN8yLNOw7i4bnXYVRw2cgjNwASxwBTrgFnRBD2DwCJ7BK3jTnrQX7V37mJeuaVXPCfgD7fMHfDeahw==</latexit>

g3
<latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit><latexit sha1_base64="HziATcbKMMYpMdytuYqm3XhBT14=">AAACFXicbZDLSsQwFIZTr+N4q7p0ExwEF0NJvS8H3LgcwblAp5Q0k3bCpBeSVBhKX8KNr+LGhSJuBXe+jelcQGc8EPj4/3OSk99POZMKoW9jaXlldW29slHd3Nre2TX39tsyyQShLZLwRHR9LClnMW0ppjjtpoLiyOe04w9vSr/zQIVkSXyvRil1IxzGLGAEKy15Zj3vjS9xROi7ObIuUFl1ZKEZTJQi9M4Kz6zNDLgI9hRqYFpNz/zq9ROSRTRWhGMpHRulys2xUIxwWlR7maQpJkMcUkdjjCMq3Xy8UAGPtdKHQSL0iRUcq78nchxJOYp83RlhNZDzXin+5zmZCq7dnMVppmhMJg8FGYcqgWVEsM8EJYqPNGAimN4VkgEWmCgdZFWHYM9/eRHap5aNLPvuvNa4nMZRAYfgCJwAG1yBBrgFTdACBDyCZ/AK3own48V4Nz4mrUvGdOYA/Cnj8weA2JqK</latexit>

H3C

H2C
g4

<latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit><latexit sha1_base64="u50d8ADwy/dRFq90VyBp+wuA/p4=">AAACFXicbVDNS8MwHE39nPOr6tFLcAgexmhlqMeBF48T3Ad0paRZ2oWlaUlSYZT+E178V7x4UMSr4M3/xqzrRDcfBB7vvV/yy/MTRqWyrC9jZXVtfWOzslXd3tnd2zcPDrsyTgUmHRyzWPR9JAmjnHQUVYz0E0FQ5DPS88fXU793T4SkMb9Tk4S4EQo5DShGSkueWc8GxSWOCH03sxpWgfoPsUuSh14z98za3IDLZB6tgRJtz/wcDGOcRoQrzJCUjm0lys2QUBQzklcHqSQJwmMUEkdTjiIi3axYKIenWhnCIBb6cAUL9fdEhiIpJ5GvkxFSI7noTcX/PCdVwZWbUZ6kinA8eyhIGVQxnFYEh1QQrNhEE4QF1btCPEICYaWLrOoS7MUvL5PuecO2GvZts9a6KOuogGNwAs6ADS5BC9yANugADB7AE3gBr8aj8Wy8Ge+z6IpRzhyBPzA+vgF0B5qC</latexit>

∀x ethyl acetate(x) ≡ ∃g1∃g2∃g3∃g4∃b1∃b2∃b3 skeleton(x)∧

methyl(g1) ∧ carbonyl(g2) ∧ ether(g3)∧

ethane(g4) ∧ mol(g1, x) ∧ mol(g2, x)∧

mol(g3, x) ∧ mol(g4, x) ∧ tether(g1, g2, b1)∧

tether(g2, g3, b2) ∧ tether(g3, g4, b3) 19/28



Contribution Summary

Based on the graph-theoretic properties of the axioms and the

verification, we have presented:

• The process of drug design as the process of building first-order

models of MoSt

• New techniques and procedures to decompose and re-compose

molecules and primitive functional groups
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3. An Alternative Approach to

Navigating Chemical Space
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Why Navigate Chemical Space?

22/28



Why Navigate Chemical Space?

• Chemical space is the property space spanned by all possible

molecules and compounds, where its size is unknown

• Have ontologies, along with a model-theoretic approach, been

considered to aid in the search tasks?

• We can use models of MoSt can be used to help narrow the search

space

Navigating Chemical Space ' Constraint Satisfaction Programming

Queries against the knowledge base using MoSt helps us navigate the

search space:

a molecular description of M is Th(M)

a molecular constraint is a sentence ∈ Σ(MoSt)
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Model-Theoretic Search Techniques

We can look at drug design in these contexts:

1. Information retrieval: querying a knowledge base (KB) of existing

molecules via entailment

KB |= (molecular description or molecular constraint)

2. Generating molecules: solving satisfiability queries using MoSt by

building models that satisfy molecular constraints

Tmost ∪ (molecular constraint) is consistent

Tmost 6|= ¬(molecular constraint)
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Using Queries to Find & Design New Molecules

Example: Information Retrieval (Entailment)

Find a molecule that contains at least one ring in the knowledge base

that contains existing molecules.

KB |= ∃x ring(x)

Example: Satisfiability Problem (Model Construction)

Design a molecule that contains at least one ring.

Tmost 6|= ¬(∃x ring(x))
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Using Queries to Find & Design New Molecules

Example: Information Retrieval (Entailment)

Find a molecule in the knowledge base where all groups are tethered to

at least one other group.

KB |= ∀x group(x) ∧ ∃y group(y) ∧ tether(x , y) ∧ (x 6= y)

Example: Satisfiability Problem (Model Construction)

Design a molecule where all groups are tethered to at least one other

group.

Tmost 6|= ¬(∀x group(x) ∧ ∃y group(y) ∧ tether(x , y) ∧ (x 6= y))
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Contribution Summary

Based on our earlier discussion of leveraging graph-theoretic properties of

MoSt’s models, we have:

• Shown how we can navigate the chemical search space using the

axioms of MoSt

• Presented retrieval queries and satisfiability problems to narrow the

search space based on molecular constraints
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Open Questions & Future Work

Open Questions

• Decidability of MoSt

• Mereology on Skeletons

Future Work

• Molecular Reactions Ontology (MoRe): A Process Ontology

• Reasoning About Molecules (RoMe): A Software Environment

• Integration with (Cheminformatics) Software Tools & Query

Languages
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Summary of Contributions

We have provided an ontological foundation for navigating chemical

space, with the following contributions:

1. Design, Verification, and Validation of MoSt, satisfying the

requirements for a molecular structure ontology

2. New Techniques for Designing Molecules via Model Construction

3. An Alternative Approach to Navigating Chemical Space

28/28



Thank You!

Any Questions?
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