
 

Xiyuan Zhang, Diyan Teng, Ranak Roy Chowdhury, Shuheng Li, 


Dezhi Hong, Rajash K. Gupta, Jingbo Shang


University of California, San Diego

UniMTS: Unified Pre-training for 
Motion Time Series 

1



• Motion Time Series Classification (or Human Activity Recognition) identifies 
human activities using time series readings from wearable devices


• Applications: healthcare, motion tracking, smart home automation, etc.
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• Insufficient training samples


• Do not generalize across 


• Devices or Locations


• Orientations


• Activities 

Wrist
Smartwatch

Upper Leg
Smartphone

 Generalization across 
Devices and Locations
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<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

Training 
Orientation

Deployment
Orientation

 Generalization across 
Tri-axial Orientations

Training
Activities

Deployment
Activities

 Generalization 
across Activities

Challenges Given Insufficient 
Real-world Data
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Wrist
Smartwatch

Upper Leg
Smartphone

 Generalization across 
Devices and Locations

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x
<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

Training 
Orientation

Deployment
Orientation

 Generalization across 
Tri-axial Orientations

Training
Activities

Deployment
Activities

 Generalization 
across Activities

Challenges Given Insufficient 
Real-world Data

1

3 2

• A single framework that addresses all the above three challenges


• Generalize across  


• Devices or Locations


• Orientations


• Activities
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Physics EngineMotion
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<latexit sha1_base64="4Jn0afzzSAZ+HW4DksC0zF0bHiU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KUom6EohuXFewD+mIymbRDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAhcM593LvPW7EqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXDWGDSxCELRcdFkjDKSVNRxUgnEgQFLiNtd3KT+e0HIiQN+b2aRqQfoBGnPsVIaWloHqGrni8QTrxBNUoTTw2qaWlolu2KPYO1TJyclCFHY2h+9bwQxwHhCjMkZdexI9VPkFAUM5KWerEkEcITNCJdTTkKiOwns+tT61QrnuWHQhdX1kz9PZGgQMpp4OrOAKmxXPQy8T+vGyv/sp9QHsWKcDxf5MfMUqGVRWF5VBCs2FQThAXVt1p4jHQYSgeWheAsvrxMWtWKc16p3dXK9es8jiIcwwmcgQMXUIdbaEATMDzCM7zCm/FkvBjvxse8tWDkM4fwB8bnD9ohlNg=</latexit>

a =
d2p

dt2
<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Rotation
Invariance

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x
<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x

<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y
<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z
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<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="96hQc4WXUNKO4+ObQ3govY5gyCM=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgeAq7IuoxxIMeE8gLkmWZnZ0kQ2Zn15neQFjyHV48KOJRv8Iv8ObFb3HyOGhiQUNR1U13lx8LrsG2v6zMyura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0BzcTvzlkSvNI1mAUMzckPcm7nBIwknvrObhDgwhwzXO8fMEu2lPgZeLMSaF0VP3mb+WPipf/7AQRTUImgQqidduxY3BTooBTwca5TqJZTOiA9FjbUElCpt10evQYnxolwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTjkTgrP48jJpnBedy+JF1aRRRjNk0TE6QWfIQVeohO5QBdURRffoAT2hZ2toPVov1uusNWPNZw7RH1jvP/bSlKM=</latexit>

G1 · T1

<latexit sha1_base64="RP8pf5ofUrDEO2kPbavZ4ggGr1Y=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgNopYhFlomaB6QLGF2MpsMmZldZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIOrsd+4p0qzSN6ZYUx9gXuShYxgY6Xb606xk8u7BXcCtEi8GcmXDqvf7L38UenkPtvdiCSCSkM41rrlubHxU6wMI5yOsu1E0xiTAe7RlqUSC6r9dHLqCJ1YpYvCSNmSBk3U3xMpFloPRWA7BTZ9Pe+Nxf+8VmLCSz9lMk4MlWS6KEw4MhEa/426TFFi+NASTBSztyLSxwoTY9PJ2hC8+ZcXSb1Y8M4LZ1WbRhmmyMARHMMpeHABJbiBCtSAQA8e4AmeHe48Oi/O67R1yZnNHMAfOG8/pBWRFg==</latexit>

G2

<latexit sha1_base64="s6C++dBuOcBxYWMuETtemzWCa7w=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQC60kQfOAZAmzk9lkyMzsMjMrhCWfYGOhiK2tf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+chcWl5ZXVzFp2fWNzazu3s1vTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvz6PVWaRfLODGLqC9yVLGQEGyvdXrVv2rm8W3DHQPPEm5J8cb/yzd5LH+V27rPViUgiqDSEY62bnhsbP8XKMMLpMNtKNI0x6eMubVoqsaDaT8enDtGRVToojJQtadBY/T2RYqH1QAS2U2DT07PeSPzPayYmvPBTJuPEUEkmi8KEIxOh0d+owxQlhg8swUQxeysiPawwMTadrA3Bm315ntROCt5Z4bRi0yjBBBk4gEM4Bg/OoQjXUIYqEOjCAzzBs8OdR+fFeZ20LjjTmT34A+ftB86FkTI=</latexit>

GN

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

...

<latexit sha1_base64="QTiMs/PM5VkJMZilgL5QOTaNQS8=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiFqG2FgmmBckS5idzCZDZmeWmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++VkVlbX1jeym7mt7Z3dvfz+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/OY9VZpJUTOjmPoR7gsWMoKNle5qXa+bL7hFdwq0TLw5KZSOqt/svfxR6eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NQxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ykTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdnQ/AWX14mjfOid1m8qNo0yjBDFo7hBM7AgysowS1UoA4E+vAAT/DscOfReXFeZ60ZZz5zCH/gvP0Atl+RIg==</latexit>

T1
<latexit sha1_base64="GQ2o0KcJqvLiNukUPPFQnOm8/rM=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgNopYhNpYJ5gXJEmYns8mQ2dllZlYISz7BxkIRW1v/wi+ws/FbnDwKTTxw4XDOvdx7jx8Lro3jfKGV1bX1jc3MVnZ7Z3dvP3dw2NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yZ+M17pjSPZM2MYuaFpC95wCkxVrqrdYvdXN4pOFPgZeLOSb50XP3m7+WPSjf32elFNAmZNFQQrduuExsvJcpwKtg420k0iwkdkj5rWypJyLSXTk8d4zOr9HAQKVvS4Kn6eyIlodaj0LedITEDvehNxP+8dmKCay/lMk4Mk3S2KEgENhGe/I17XDFqxMgSQhW3t2I6IIpQY9PJ2hDcxZeXSaNYcC8LF1WbRhlmyMAJnMI5uHAFJbiFCtSBQh8e4AmekUCP6AW9zlpX0HzmCP4Avf0At+ORIw==</latexit>

T2
<latexit sha1_base64="3lfM3+hxjM1gMTvVW4oUqxyDb84=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQGytJMC9IljA7mU2GzMwuM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2gsH12G/cU6VZJKtmGFNf4J5kISPYWOmu2rnt5PJuwZ0ALRJvRvLFw8o3ey99lDu5z3Y3Iomg0hCOtW55bmz8FCvDCKejbDvRNMZkgHu0ZanEgmo/nZw6QidW6aIwUrakQRP190SKhdZDEdhOgU1fz3tj8T+vlZjwyk+ZjBNDJZkuChOOTITGf6MuU5QYPrQEE8XsrYj0scLE2HSyNgRv/uVFUj8reBeF84pNowRTZOAIjuEUPLiEItxAGWpAoAcP8ATPDncenRfnddq65MxmDuAPnLcf4lORPw==</latexit>

TN
<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="Gem9ZCkL5p+2f1+eospDf7WEmnQ=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31HNyhQQS45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hWlKQ=</latexit>

G1 · T2
<latexit sha1_base64="kNguS5qohluXgcx8Y2i3yk0Qo10=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvPAe1SUdoVPXuvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qci1ZTA</latexit>

G1 · TN

<latexit sha1_base64="ACyQGXh/Qe31srW4j3HnyxUZXN8=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31irhDgwhwzXO8XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hglKQ=</latexit>

G2 · T1
<latexit sha1_base64="DK8Uz4GRT1pyqaO6S1ZFY9iel8Q=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZ2eTIbOz60xvIIR8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5SeCa7DtL2tldW19YzOzld3e2d3bzx0cNnScKsrqNBaxavlEM8ElqwMHwVqJYiTyBWv6/ZuJ3xwwpXksazBMmBuRruQhpwSM5N56RdyhQQy45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQxTSMmgQqidduxE3BHRAGngo2znVSzhNA+6bK2oZJETLuj6dFjfGaUAIexMiUBT9XfEyMSaT2MfNMZEejpRW8i/ue1Uwiv3RGXSQpM0tmiMBUYYjxJAAdcMQpiaAihiptbMe0RRSiYnLImBGfx5WXSKBacy8JF1aRRRjNk0Ak6RefIQVeohO5QBdURRffoAT2hZ2tgPVov1uusdcWazxyhP7DefwD55JSl</latexit>

G2 · T2
<latexit sha1_base64="TELVcTGxpvgRI5E8l+X1JBc2ZEY=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k3Xgl2cSA0rHt3Xr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJGOUwQ==</latexit>

G2 · TN

<latexit sha1_base64="PxzBbdkUH89Y5MoyN8b/bBiCeRM=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrsqMiLosdaGr0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3Az8VtDIhUVvK5HMXEj1OM0pBhpI7m3XgV2cSA0rHsVL1+wi/YUcJk4c1IoHdW+6Vv5o+rlP7uBwElEuMYMKdVx7Fi7KZKaYkbGuW6iSIzwAPVIx1COIqLcdHr0GJ4aJYChkKa4hlP190SKIqVGkW86I6T7atGbiP95nUSH125KeZxowvFsUZgwqAWcJAADKgnWbGQIwpKaWyHuI4mwNjnlTAjO4svLpHledC6LFzWTRhnMkAXH4AScAQdcgRK4A1XQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AT+uU3Q==</latexit>

GN · TN
<latexit sha1_base64="UIGJcxP6oTW9nWYGAy4alko4xEA=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvvDvUJh2hUdVzvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qcj95TA</latexit>

GN · T1
<latexit sha1_base64="swRBtKfZWTapsttuPLaLCeIfpbI=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k33h3s4kBoWPdKXr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJXuUwQ==</latexit>

GN · T2

Motion Descriptions

Text Augmentation

Contrastive Learning

• Physics engine: simulate synthetic IMU data + rotation-invariant augmentation 


• Contrastive learning: graph encoder + text encoder with text augmentation

Method
Pre-training
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Physics EngineMotion
Skeleton

<latexit sha1_base64="4Jn0afzzSAZ+HW4DksC0zF0bHiU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KUom6EohuXFewD+mIymbRDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAhcM593LvPW7EqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXDWGDSxCELRcdFkjDKSVNRxUgnEgQFLiNtd3KT+e0HIiQN+b2aRqQfoBGnPsVIaWloHqGrni8QTrxBNUoTTw2qaWlolu2KPYO1TJyclCFHY2h+9bwQxwHhCjMkZdexI9VPkFAUM5KWerEkEcITNCJdTTkKiOwns+tT61QrnuWHQhdX1kz9PZGgQMpp4OrOAKmxXPQy8T+vGyv/sp9QHsWKcDxf5MfMUqGVRWF5VBCs2FQThAXVt1p4jHQYSgeWheAsvrxMWtWKc16p3dXK9es8jiIcwwmcgQMXUIdbaEATMDzCM7zCm/FkvBjvxse8tWDkM4fwB8bnD9ohlNg=</latexit>

a =
d2p

dt2
<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Rotation
Invariance

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x
<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x

<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y
<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z
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<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="96hQc4WXUNKO4+ObQ3govY5gyCM=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgeAq7IuoxxIMeE8gLkmWZnZ0kQ2Zn15neQFjyHV48KOJRv8Iv8ObFb3HyOGhiQUNR1U13lx8LrsG2v6zMyura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0BzcTvzlkSvNI1mAUMzckPcm7nBIwknvrObhDgwhwzXO8fMEu2lPgZeLMSaF0VP3mb+WPipf/7AQRTUImgQqidduxY3BTooBTwca5TqJZTOiA9FjbUElCpt10evQYnxolwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTjkTgrP48jJpnBedy+JF1aRRRjNk0TE6QWfIQVeohO5QBdURRffoAT2hZ2toPVov1uusNWPNZw7RH1jvP/bSlKM=</latexit>

G1 · T1

<latexit sha1_base64="RP8pf5ofUrDEO2kPbavZ4ggGr1Y=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgNopYhFlomaB6QLGF2MpsMmZldZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIOrsd+4p0qzSN6ZYUx9gXuShYxgY6Xb606xk8u7BXcCtEi8GcmXDqvf7L38UenkPtvdiCSCSkM41rrlubHxU6wMI5yOsu1E0xiTAe7RlqUSC6r9dHLqCJ1YpYvCSNmSBk3U3xMpFloPRWA7BTZ9Pe+Nxf+8VmLCSz9lMk4MlWS6KEw4MhEa/426TFFi+NASTBSztyLSxwoTY9PJ2hC8+ZcXSb1Y8M4LZ1WbRhmmyMARHMMpeHABJbiBCtSAQA8e4AmeHe48Oi/O67R1yZnNHMAfOG8/pBWRFg==</latexit>

G2

<latexit sha1_base64="s6C++dBuOcBxYWMuETtemzWCa7w=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQC60kQfOAZAmzk9lkyMzsMjMrhCWfYGOhiK2tf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+chcWl5ZXVzFp2fWNzazu3s1vTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvz6PVWaRfLODGLqC9yVLGQEGyvdXrVv2rm8W3DHQPPEm5J8cb/yzd5LH+V27rPViUgiqDSEY62bnhsbP8XKMMLpMNtKNI0x6eMubVoqsaDaT8enDtGRVToojJQtadBY/T2RYqH1QAS2U2DT07PeSPzPayYmvPBTJuPEUEkmi8KEIxOh0d+owxQlhg8swUQxeysiPawwMTadrA3Bm315ntROCt5Z4bRi0yjBBBk4gEM4Bg/OoQjXUIYqEOjCAzzBs8OdR+fFeZ20LjjTmT34A+ftB86FkTI=</latexit>

GN

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

...

<latexit sha1_base64="QTiMs/PM5VkJMZilgL5QOTaNQS8=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiFqG2FgmmBckS5idzCZDZmeWmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++VkVlbX1jeym7mt7Z3dvfz+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/OY9VZpJUTOjmPoR7gsWMoKNle5qXa+bL7hFdwq0TLw5KZSOqt/svfxR6eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NQxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ykTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdnQ/AWX14mjfOid1m8qNo0yjBDFo7hBM7AgysowS1UoA4E+vAAT/DscOfReXFeZ60ZZz5zCH/gvP0Atl+RIg==</latexit>

T1
<latexit sha1_base64="GQ2o0KcJqvLiNukUPPFQnOm8/rM=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgNopYhNpYJ5gXJEmYns8mQ2dllZlYISz7BxkIRW1v/wi+ws/FbnDwKTTxw4XDOvdx7jx8Lro3jfKGV1bX1jc3MVnZ7Z3dvP3dw2NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yZ+M17pjSPZM2MYuaFpC95wCkxVrqrdYvdXN4pOFPgZeLOSb50XP3m7+WPSjf32elFNAmZNFQQrduuExsvJcpwKtg420k0iwkdkj5rWypJyLSXTk8d4zOr9HAQKVvS4Kn6eyIlodaj0LedITEDvehNxP+8dmKCay/lMk4Mk3S2KEgENhGe/I17XDFqxMgSQhW3t2I6IIpQY9PJ2hDcxZeXSaNYcC8LF1WbRhlmyMAJnMI5uHAFJbiFCtSBQh8e4AmekUCP6AW9zlpX0HzmCP4Avf0At+ORIw==</latexit>

T2
<latexit sha1_base64="3lfM3+hxjM1gMTvVW4oUqxyDb84=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQGytJMC9IljA7mU2GzMwuM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2gsH12G/cU6VZJKtmGFNf4J5kISPYWOmu2rnt5PJuwZ0ALRJvRvLFw8o3ey99lDu5z3Y3Iomg0hCOtW55bmz8FCvDCKejbDvRNMZkgHu0ZanEgmo/nZw6QidW6aIwUrakQRP190SKhdZDEdhOgU1fz3tj8T+vlZjwyk+ZjBNDJZkuChOOTITGf6MuU5QYPrQEE8XsrYj0scLE2HSyNgRv/uVFUj8reBeF84pNowRTZOAIjuEUPLiEItxAGWpAoAcP8ATPDncenRfnddq65MxmDuAPnLcf4lORPw==</latexit>

TN
<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="Gem9ZCkL5p+2f1+eospDf7WEmnQ=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31HNyhQQS45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hWlKQ=</latexit>

G1 · T2
<latexit sha1_base64="kNguS5qohluXgcx8Y2i3yk0Qo10=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvPAe1SUdoVPXuvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qci1ZTA</latexit>

G1 · TN

<latexit sha1_base64="ACyQGXh/Qe31srW4j3HnyxUZXN8=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31irhDgwhwzXO8XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hglKQ=</latexit>

G2 · T1
<latexit sha1_base64="DK8Uz4GRT1pyqaO6S1ZFY9iel8Q=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZ2eTIbOz60xvIIR8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5SeCa7DtL2tldW19YzOzld3e2d3bzx0cNnScKsrqNBaxavlEM8ElqwMHwVqJYiTyBWv6/ZuJ3xwwpXksazBMmBuRruQhpwSM5N56RdyhQQy45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQxTSMmgQqidduxE3BHRAGngo2znVSzhNA+6bK2oZJETLuj6dFjfGaUAIexMiUBT9XfEyMSaT2MfNMZEejpRW8i/ue1Uwiv3RGXSQpM0tmiMBUYYjxJAAdcMQpiaAihiptbMe0RRSiYnLImBGfx5WXSKBacy8JF1aRRRjNk0Ak6RefIQVeohO5QBdURRffoAT2hZ2tgPVov1uusdcWazxyhP7DefwD55JSl</latexit>

G2 · T2
<latexit sha1_base64="TELVcTGxpvgRI5E8l+X1JBc2ZEY=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k3Xgl2cSA0rHt3Xr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJGOUwQ==</latexit>

G2 · TN

<latexit sha1_base64="PxzBbdkUH89Y5MoyN8b/bBiCeRM=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrsqMiLosdaGr0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3Az8VtDIhUVvK5HMXEj1OM0pBhpI7m3XgV2cSA0rHsVL1+wi/YUcJk4c1IoHdW+6Vv5o+rlP7uBwElEuMYMKdVx7Fi7KZKaYkbGuW6iSIzwAPVIx1COIqLcdHr0GJ4aJYChkKa4hlP190SKIqVGkW86I6T7atGbiP95nUSH125KeZxowvFsUZgwqAWcJAADKgnWbGQIwpKaWyHuI4mwNjnlTAjO4svLpHledC6LFzWTRhnMkAXH4AScAQdcgRK4A1XQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AT+uU3Q==</latexit>

GN · TN
<latexit sha1_base64="UIGJcxP6oTW9nWYGAy4alko4xEA=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvvDvUJh2hUdVzvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qcj95TA</latexit>

GN · T1
<latexit sha1_base64="swRBtKfZWTapsttuPLaLCeIfpbI=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k33h3s4kBoWPdKXr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJXuUwQ==</latexit>

GN · T2

Motion Descriptions

Text Augmentation

Contrastive Learning

• Physics engine: simulate synthetic IMU data + rotation-invariant augmentation 


• Contrastive learning: graph encoder + text encoder with text augmentation
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Method
Pre-training



Physics EngineMotion
Skeleton

<latexit sha1_base64="4Jn0afzzSAZ+HW4DksC0zF0bHiU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KUom6EohuXFewD+mIymbRDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAhcM593LvPW7EqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXDWGDSxCELRcdFkjDKSVNRxUgnEgQFLiNtd3KT+e0HIiQN+b2aRqQfoBGnPsVIaWloHqGrni8QTrxBNUoTTw2qaWlolu2KPYO1TJyclCFHY2h+9bwQxwHhCjMkZdexI9VPkFAUM5KWerEkEcITNCJdTTkKiOwns+tT61QrnuWHQhdX1kz9PZGgQMpp4OrOAKmxXPQy8T+vGyv/sp9QHsWKcDxf5MfMUqGVRWF5VBCs2FQThAXVt1p4jHQYSgeWheAsvrxMWtWKc16p3dXK9es8jiIcwwmcgQMXUIdbaEATMDzCM7zCm/FkvBjvxse8tWDkM4fwB8bnD9ohlNg=</latexit>

a =
d2p

dt2
<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Rotation
Invariance

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x
<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x

<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y
<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z
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<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="96hQc4WXUNKO4+ObQ3govY5gyCM=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgeAq7IuoxxIMeE8gLkmWZnZ0kQ2Zn15neQFjyHV48KOJRv8Iv8ObFb3HyOGhiQUNR1U13lx8LrsG2v6zMyura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0BzcTvzlkSvNI1mAUMzckPcm7nBIwknvrObhDgwhwzXO8fMEu2lPgZeLMSaF0VP3mb+WPipf/7AQRTUImgQqidduxY3BTooBTwca5TqJZTOiA9FjbUElCpt10evQYnxolwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTjkTgrP48jJpnBedy+JF1aRRRjNk0TE6QWfIQVeohO5QBdURRffoAT2hZ2toPVov1uusNWPNZw7RH1jvP/bSlKM=</latexit>

G1 · T1

<latexit sha1_base64="RP8pf5ofUrDEO2kPbavZ4ggGr1Y=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgNopYhFlomaB6QLGF2MpsMmZldZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIOrsd+4p0qzSN6ZYUx9gXuShYxgY6Xb606xk8u7BXcCtEi8GcmXDqvf7L38UenkPtvdiCSCSkM41rrlubHxU6wMI5yOsu1E0xiTAe7RlqUSC6r9dHLqCJ1YpYvCSNmSBk3U3xMpFloPRWA7BTZ9Pe+Nxf+8VmLCSz9lMk4MlWS6KEw4MhEa/426TFFi+NASTBSztyLSxwoTY9PJ2hC8+ZcXSb1Y8M4LZ1WbRhmmyMARHMMpeHABJbiBCtSAQA8e4AmeHe48Oi/O67R1yZnNHMAfOG8/pBWRFg==</latexit>

G2

<latexit sha1_base64="s6C++dBuOcBxYWMuETtemzWCa7w=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQC60kQfOAZAmzk9lkyMzsMjMrhCWfYGOhiK2tf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+chcWl5ZXVzFp2fWNzazu3s1vTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvz6PVWaRfLODGLqC9yVLGQEGyvdXrVv2rm8W3DHQPPEm5J8cb/yzd5LH+V27rPViUgiqDSEY62bnhsbP8XKMMLpMNtKNI0x6eMubVoqsaDaT8enDtGRVToojJQtadBY/T2RYqH1QAS2U2DT07PeSPzPayYmvPBTJuPEUEkmi8KEIxOh0d+owxQlhg8swUQxeysiPawwMTadrA3Bm315ntROCt5Z4bRi0yjBBBk4gEM4Bg/OoQjXUIYqEOjCAzzBs8OdR+fFeZ20LjjTmT34A+ftB86FkTI=</latexit>

GN

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

...

<latexit sha1_base64="QTiMs/PM5VkJMZilgL5QOTaNQS8=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiFqG2FgmmBckS5idzCZDZmeWmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++VkVlbX1jeym7mt7Z3dvfz+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/OY9VZpJUTOjmPoR7gsWMoKNle5qXa+bL7hFdwq0TLw5KZSOqt/svfxR6eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NQxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ykTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdnQ/AWX14mjfOid1m8qNo0yjBDFo7hBM7AgysowS1UoA4E+vAAT/DscOfReXFeZ60ZZz5zCH/gvP0Atl+RIg==</latexit>

T1
<latexit sha1_base64="GQ2o0KcJqvLiNukUPPFQnOm8/rM=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgNopYhNpYJ5gXJEmYns8mQ2dllZlYISz7BxkIRW1v/wi+ws/FbnDwKTTxw4XDOvdx7jx8Lro3jfKGV1bX1jc3MVnZ7Z3dvP3dw2NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yZ+M17pjSPZM2MYuaFpC95wCkxVrqrdYvdXN4pOFPgZeLOSb50XP3m7+WPSjf32elFNAmZNFQQrduuExsvJcpwKtg420k0iwkdkj5rWypJyLSXTk8d4zOr9HAQKVvS4Kn6eyIlodaj0LedITEDvehNxP+8dmKCay/lMk4Mk3S2KEgENhGe/I17XDFqxMgSQhW3t2I6IIpQY9PJ2hDcxZeXSaNYcC8LF1WbRhlmyMAJnMI5uHAFJbiFCtSBQh8e4AmekUCP6AW9zlpX0HzmCP4Avf0At+ORIw==</latexit>

T2
<latexit sha1_base64="3lfM3+hxjM1gMTvVW4oUqxyDb84=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQGytJMC9IljA7mU2GzMwuM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2gsH12G/cU6VZJKtmGFNf4J5kISPYWOmu2rnt5PJuwZ0ALRJvRvLFw8o3ey99lDu5z3Y3Iomg0hCOtW55bmz8FCvDCKejbDvRNMZkgHu0ZanEgmo/nZw6QidW6aIwUrakQRP190SKhdZDEdhOgU1fz3tj8T+vlZjwyk+ZjBNDJZkuChOOTITGf6MuU5QYPrQEE8XsrYj0scLE2HSyNgRv/uVFUj8reBeF84pNowRTZOAIjuEUPLiEItxAGWpAoAcP8ATPDncenRfnddq65MxmDuAPnLcf4lORPw==</latexit>

TN
<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="Gem9ZCkL5p+2f1+eospDf7WEmnQ=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31HNyhQQS45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hWlKQ=</latexit>

G1 · T2
<latexit sha1_base64="kNguS5qohluXgcx8Y2i3yk0Qo10=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvPAe1SUdoVPXuvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qci1ZTA</latexit>

G1 · TN

<latexit sha1_base64="ACyQGXh/Qe31srW4j3HnyxUZXN8=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31irhDgwhwzXO8XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hglKQ=</latexit>

G2 · T1
<latexit sha1_base64="DK8Uz4GRT1pyqaO6S1ZFY9iel8Q=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZ2eTIbOz60xvIIR8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5SeCa7DtL2tldW19YzOzld3e2d3bzx0cNnScKsrqNBaxavlEM8ElqwMHwVqJYiTyBWv6/ZuJ3xwwpXksazBMmBuRruQhpwSM5N56RdyhQQy45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQxTSMmgQqidduxE3BHRAGngo2znVSzhNA+6bK2oZJETLuj6dFjfGaUAIexMiUBT9XfEyMSaT2MfNMZEejpRW8i/ue1Uwiv3RGXSQpM0tmiMBUYYjxJAAdcMQpiaAihiptbMe0RRSiYnLImBGfx5WXSKBacy8JF1aRRRjNk0Ak6RefIQVeohO5QBdURRffoAT2hZ2tgPVov1uusdcWazxyhP7DefwD55JSl</latexit>

G2 · T2
<latexit sha1_base64="TELVcTGxpvgRI5E8l+X1JBc2ZEY=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k3Xgl2cSA0rHt3Xr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJGOUwQ==</latexit>

G2 · TN

<latexit sha1_base64="PxzBbdkUH89Y5MoyN8b/bBiCeRM=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrsqMiLosdaGr0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3Az8VtDIhUVvK5HMXEj1OM0pBhpI7m3XgV2cSA0rHsVL1+wi/YUcJk4c1IoHdW+6Vv5o+rlP7uBwElEuMYMKdVx7Fi7KZKaYkbGuW6iSIzwAPVIx1COIqLcdHr0GJ4aJYChkKa4hlP190SKIqVGkW86I6T7atGbiP95nUSH125KeZxowvFsUZgwqAWcJAADKgnWbGQIwpKaWyHuI4mwNjnlTAjO4svLpHledC6LFzWTRhnMkAXH4AScAQdcgRK4A1XQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AT+uU3Q==</latexit>

GN · TN
<latexit sha1_base64="UIGJcxP6oTW9nWYGAy4alko4xEA=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvvDvUJh2hUdVzvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qcj95TA</latexit>

GN · T1
<latexit sha1_base64="swRBtKfZWTapsttuPLaLCeIfpbI=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k33h3s4kBoWPdKXr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJXuUwQ==</latexit>

GN · T2

Motion Descriptions

Text Augmentation

Contrastive Learning

• Physics engine: simulate synthetic IMU data + rotation-invariant augmentation 


• Contrastive learning: graph encoder + text encoder with text augmentation
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Method
Pre-training



Physics EngineMotion
Skeleton

<latexit sha1_base64="4Jn0afzzSAZ+HW4DksC0zF0bHiU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KUom6EohuXFewD+mIymbRDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAhcM593LvPW7EqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXDWGDSxCELRcdFkjDKSVNRxUgnEgQFLiNtd3KT+e0HIiQN+b2aRqQfoBGnPsVIaWloHqGrni8QTrxBNUoTTw2qaWlolu2KPYO1TJyclCFHY2h+9bwQxwHhCjMkZdexI9VPkFAUM5KWerEkEcITNCJdTTkKiOwns+tT61QrnuWHQhdX1kz9PZGgQMpp4OrOAKmxXPQy8T+vGyv/sp9QHsWKcDxf5MfMUqGVRWF5VBCs2FQThAXVt1p4jHQYSgeWheAsvrxMWtWKc16p3dXK9es8jiIcwwmcgQMXUIdbaEATMDzCM7zCm/FkvBjvxse8tWDkM4fwB8bnD9ohlNg=</latexit>

a =
d2p

dt2
<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Rotation
Invariance

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x
<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x

<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y
<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z
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<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="96hQc4WXUNKO4+ObQ3govY5gyCM=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgeAq7IuoxxIMeE8gLkmWZnZ0kQ2Zn15neQFjyHV48KOJRv8Iv8ObFb3HyOGhiQUNR1U13lx8LrsG2v6zMyura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0BzcTvzlkSvNI1mAUMzckPcm7nBIwknvrObhDgwhwzXO8fMEu2lPgZeLMSaF0VP3mb+WPipf/7AQRTUImgQqidduxY3BTooBTwca5TqJZTOiA9FjbUElCpt10evQYnxolwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTjkTgrP48jJpnBedy+JF1aRRRjNk0TE6QWfIQVeohO5QBdURRffoAT2hZ2toPVov1uusNWPNZw7RH1jvP/bSlKM=</latexit>

G1 · T1

<latexit sha1_base64="RP8pf5ofUrDEO2kPbavZ4ggGr1Y=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgNopYhFlomaB6QLGF2MpsMmZldZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIOrsd+4p0qzSN6ZYUx9gXuShYxgY6Xb606xk8u7BXcCtEi8GcmXDqvf7L38UenkPtvdiCSCSkM41rrlubHxU6wMI5yOsu1E0xiTAe7RlqUSC6r9dHLqCJ1YpYvCSNmSBk3U3xMpFloPRWA7BTZ9Pe+Nxf+8VmLCSz9lMk4MlWS6KEw4MhEa/426TFFi+NASTBSztyLSxwoTY9PJ2hC8+ZcXSb1Y8M4LZ1WbRhmmyMARHMMpeHABJbiBCtSAQA8e4AmeHe48Oi/O67R1yZnNHMAfOG8/pBWRFg==</latexit>

G2

<latexit sha1_base64="s6C++dBuOcBxYWMuETtemzWCa7w=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQC60kQfOAZAmzk9lkyMzsMjMrhCWfYGOhiK2tf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+chcWl5ZXVzFp2fWNzazu3s1vTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvz6PVWaRfLODGLqC9yVLGQEGyvdXrVv2rm8W3DHQPPEm5J8cb/yzd5LH+V27rPViUgiqDSEY62bnhsbP8XKMMLpMNtKNI0x6eMubVoqsaDaT8enDtGRVToojJQtadBY/T2RYqH1QAS2U2DT07PeSPzPayYmvPBTJuPEUEkmi8KEIxOh0d+owxQlhg8swUQxeysiPawwMTadrA3Bm315ntROCt5Z4bRi0yjBBBk4gEM4Bg/OoQjXUIYqEOjCAzzBs8OdR+fFeZ20LjjTmT34A+ftB86FkTI=</latexit>

GN

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

...

<latexit sha1_base64="QTiMs/PM5VkJMZilgL5QOTaNQS8=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiFqG2FgmmBckS5idzCZDZmeWmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++VkVlbX1jeym7mt7Z3dvfz+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/OY9VZpJUTOjmPoR7gsWMoKNle5qXa+bL7hFdwq0TLw5KZSOqt/svfxR6eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NQxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ykTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdnQ/AWX14mjfOid1m8qNo0yjBDFo7hBM7AgysowS1UoA4E+vAAT/DscOfReXFeZ60ZZz5zCH/gvP0Atl+RIg==</latexit>

T1
<latexit sha1_base64="GQ2o0KcJqvLiNukUPPFQnOm8/rM=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgNopYhNpYJ5gXJEmYns8mQ2dllZlYISz7BxkIRW1v/wi+ws/FbnDwKTTxw4XDOvdx7jx8Lro3jfKGV1bX1jc3MVnZ7Z3dvP3dw2NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yZ+M17pjSPZM2MYuaFpC95wCkxVrqrdYvdXN4pOFPgZeLOSb50XP3m7+WPSjf32elFNAmZNFQQrduuExsvJcpwKtg420k0iwkdkj5rWypJyLSXTk8d4zOr9HAQKVvS4Kn6eyIlodaj0LedITEDvehNxP+8dmKCay/lMk4Mk3S2KEgENhGe/I17XDFqxMgSQhW3t2I6IIpQY9PJ2hDcxZeXSaNYcC8LF1WbRhlmyMAJnMI5uHAFJbiFCtSBQh8e4AmekUCP6AW9zlpX0HzmCP4Avf0At+ORIw==</latexit>

T2
<latexit sha1_base64="3lfM3+hxjM1gMTvVW4oUqxyDb84=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQGytJMC9IljA7mU2GzMwuM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2gsH12G/cU6VZJKtmGFNf4J5kISPYWOmu2rnt5PJuwZ0ALRJvRvLFw8o3ey99lDu5z3Y3Iomg0hCOtW55bmz8FCvDCKejbDvRNMZkgHu0ZanEgmo/nZw6QidW6aIwUrakQRP190SKhdZDEdhOgU1fz3tj8T+vlZjwyk+ZjBNDJZkuChOOTITGf6MuU5QYPrQEE8XsrYj0scLE2HSyNgRv/uVFUj8reBeF84pNowRTZOAIjuEUPLiEItxAGWpAoAcP8ATPDncenRfnddq65MxmDuAPnLcf4lORPw==</latexit>

TN
<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="Gem9ZCkL5p+2f1+eospDf7WEmnQ=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31HNyhQQS45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hWlKQ=</latexit>

G1 · T2
<latexit sha1_base64="kNguS5qohluXgcx8Y2i3yk0Qo10=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvPAe1SUdoVPXuvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qci1ZTA</latexit>

G1 · TN

<latexit sha1_base64="ACyQGXh/Qe31srW4j3HnyxUZXN8=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31irhDgwhwzXO8XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hglKQ=</latexit>

G2 · T1
<latexit sha1_base64="DK8Uz4GRT1pyqaO6S1ZFY9iel8Q=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZ2eTIbOz60xvIIR8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5SeCa7DtL2tldW19YzOzld3e2d3bzx0cNnScKsrqNBaxavlEM8ElqwMHwVqJYiTyBWv6/ZuJ3xwwpXksazBMmBuRruQhpwSM5N56RdyhQQy45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQxTSMmgQqidduxE3BHRAGngo2znVSzhNA+6bK2oZJETLuj6dFjfGaUAIexMiUBT9XfEyMSaT2MfNMZEejpRW8i/ue1Uwiv3RGXSQpM0tmiMBUYYjxJAAdcMQpiaAihiptbMe0RRSiYnLImBGfx5WXSKBacy8JF1aRRRjNk0Ak6RefIQVeohO5QBdURRffoAT2hZ2tgPVov1uusdcWazxyhP7DefwD55JSl</latexit>

G2 · T2
<latexit sha1_base64="TELVcTGxpvgRI5E8l+X1JBc2ZEY=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k3Xgl2cSA0rHt3Xr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJGOUwQ==</latexit>

G2 · TN

<latexit sha1_base64="PxzBbdkUH89Y5MoyN8b/bBiCeRM=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrsqMiLosdaGr0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3Az8VtDIhUVvK5HMXEj1OM0pBhpI7m3XgV2cSA0rHsVL1+wi/YUcJk4c1IoHdW+6Vv5o+rlP7uBwElEuMYMKdVx7Fi7KZKaYkbGuW6iSIzwAPVIx1COIqLcdHr0GJ4aJYChkKa4hlP190SKIqVGkW86I6T7atGbiP95nUSH125KeZxowvFsUZgwqAWcJAADKgnWbGQIwpKaWyHuI4mwNjnlTAjO4svLpHledC6LFzWTRhnMkAXH4AScAQdcgRK4A1XQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AT+uU3Q==</latexit>

GN · TN
<latexit sha1_base64="UIGJcxP6oTW9nWYGAy4alko4xEA=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvvDvUJh2hUdVzvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qcj95TA</latexit>

GN · T1
<latexit sha1_base64="swRBtKfZWTapsttuPLaLCeIfpbI=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k33h3s4kBoWPdKXr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJXuUwQ==</latexit>

GN · T2

Motion Descriptions

Text Augmentation

Contrastive Learning

• Physics engine: simulate synthetic IMU data + rotation-invariant augmentation 


• Contrastive learning: graph encoder + text encoder with text augmentation
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Method
Pre-training



• Physics engine: simulate synthetic IMU data + rotation-invariant augmentation 


• Contrastive learning: graph encoder + text encoder with text augmentation

Physics EngineMotion
Skeleton

<latexit sha1_base64="4Jn0afzzSAZ+HW4DksC0zF0bHiU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KUom6EohuXFewD+mIymbRDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAhcM593LvPW7EqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXDWGDSxCELRcdFkjDKSVNRxUgnEgQFLiNtd3KT+e0HIiQN+b2aRqQfoBGnPsVIaWloHqGrni8QTrxBNUoTTw2qaWlolu2KPYO1TJyclCFHY2h+9bwQxwHhCjMkZdexI9VPkFAUM5KWerEkEcITNCJdTTkKiOwns+tT61QrnuWHQhdX1kz9PZGgQMpp4OrOAKmxXPQy8T+vGyv/sp9QHsWKcDxf5MfMUqGVRWF5VBCs2FQThAXVt1p4jHQYSgeWheAsvrxMWtWKc16p3dXK9es8jiIcwwmcgQMXUIdbaEATMDzCM7zCm/FkvBjvxse8tWDkM4fwB8bnD9ohlNg=</latexit>

a =
d2p

dt2
<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Rotation
Invariance

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x
<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x

<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y
<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

Graph
Encoder

a person walks 
slowly forward 

and then makes 
a right turn

A person moves 
slowly ahead and 

subsequently 
turns to the right

Text
Encoder

LLM

Pre-training

<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="96hQc4WXUNKO4+ObQ3govY5gyCM=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgeAq7IuoxxIMeE8gLkmWZnZ0kQ2Zn15neQFjyHV48KOJRv8Iv8ObFb3HyOGhiQUNR1U13lx8LrsG2v6zMyura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0BzcTvzlkSvNI1mAUMzckPcm7nBIwknvrObhDgwhwzXO8fMEu2lPgZeLMSaF0VP3mb+WPipf/7AQRTUImgQqidduxY3BTooBTwca5TqJZTOiA9FjbUElCpt10evQYnxolwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTjkTgrP48jJpnBedy+JF1aRRRjNk0TE6QWfIQVeohO5QBdURRffoAT2hZ2toPVov1uusNWPNZw7RH1jvP/bSlKM=</latexit>

G1 · T1

<latexit sha1_base64="RP8pf5ofUrDEO2kPbavZ4ggGr1Y=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgNopYhFlomaB6QLGF2MpsMmZldZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIOrsd+4p0qzSN6ZYUx9gXuShYxgY6Xb606xk8u7BXcCtEi8GcmXDqvf7L38UenkPtvdiCSCSkM41rrlubHxU6wMI5yOsu1E0xiTAe7RlqUSC6r9dHLqCJ1YpYvCSNmSBk3U3xMpFloPRWA7BTZ9Pe+Nxf+8VmLCSz9lMk4MlWS6KEw4MhEa/426TFFi+NASTBSztyLSxwoTY9PJ2hC8+ZcXSb1Y8M4LZ1WbRhmmyMARHMMpeHABJbiBCtSAQA8e4AmeHe48Oi/O67R1yZnNHMAfOG8/pBWRFg==</latexit>

G2

<latexit sha1_base64="s6C++dBuOcBxYWMuETtemzWCa7w=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQC60kQfOAZAmzk9lkyMzsMjMrhCWfYGOhiK2tf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+chcWl5ZXVzFp2fWNzazu3s1vTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvz6PVWaRfLODGLqC9yVLGQEGyvdXrVv2rm8W3DHQPPEm5J8cb/yzd5LH+V27rPViUgiqDSEY62bnhsbP8XKMMLpMNtKNI0x6eMubVoqsaDaT8enDtGRVToojJQtadBY/T2RYqH1QAS2U2DT07PeSPzPayYmvPBTJuPEUEkmi8KEIxOh0d+owxQlhg8swUQxeysiPawwMTadrA3Bm315ntROCt5Z4bRi0yjBBBk4gEM4Bg/OoQjXUIYqEOjCAzzBs8OdR+fFeZ20LjjTmT34A+ftB86FkTI=</latexit>

GN

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

...

<latexit sha1_base64="QTiMs/PM5VkJMZilgL5QOTaNQS8=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiFqG2FgmmBckS5idzCZDZmeWmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++VkVlbX1jeym7mt7Z3dvfz+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/OY9VZpJUTOjmPoR7gsWMoKNle5qXa+bL7hFdwq0TLw5KZSOqt/svfxR6eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NQxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ykTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdnQ/AWX14mjfOid1m8qNo0yjBDFo7hBM7AgysowS1UoA4E+vAAT/DscOfReXFeZ60ZZz5zCH/gvP0Atl+RIg==</latexit>

T1
<latexit sha1_base64="GQ2o0KcJqvLiNukUPPFQnOm8/rM=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgNopYhNpYJ5gXJEmYns8mQ2dllZlYISz7BxkIRW1v/wi+ws/FbnDwKTTxw4XDOvdx7jx8Lro3jfKGV1bX1jc3MVnZ7Z3dvP3dw2NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yZ+M17pjSPZM2MYuaFpC95wCkxVrqrdYvdXN4pOFPgZeLOSb50XP3m7+WPSjf32elFNAmZNFQQrduuExsvJcpwKtg420k0iwkdkj5rWypJyLSXTk8d4zOr9HAQKVvS4Kn6eyIlodaj0LedITEDvehNxP+8dmKCay/lMk4Mk3S2KEgENhGe/I17XDFqxMgSQhW3t2I6IIpQY9PJ2hDcxZeXSaNYcC8LF1WbRhlmyMAJnMI5uHAFJbiFCtSBQh8e4AmekUCP6AW9zlpX0HzmCP4Avf0At+ORIw==</latexit>

T2
<latexit sha1_base64="3lfM3+hxjM1gMTvVW4oUqxyDb84=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQGytJMC9IljA7mU2GzMwuM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2gsH12G/cU6VZJKtmGFNf4J5kISPYWOmu2rnt5PJuwZ0ALRJvRvLFw8o3ey99lDu5z3Y3Iomg0hCOtW55bmz8FCvDCKejbDvRNMZkgHu0ZanEgmo/nZw6QidW6aIwUrakQRP190SKhdZDEdhOgU1fz3tj8T+vlZjwyk+ZjBNDJZkuChOOTITGf6MuU5QYPrQEE8XsrYj0scLE2HSyNgRv/uVFUj8reBeF84pNowRTZOAIjuEUPLiEItxAGWpAoAcP8ATPDncenRfnddq65MxmDuAPnLcf4lORPw==</latexit>

TN
<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="Gem9ZCkL5p+2f1+eospDf7WEmnQ=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31HNyhQQS45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hWlKQ=</latexit>

G1 · T2
<latexit sha1_base64="kNguS5qohluXgcx8Y2i3yk0Qo10=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvPAe1SUdoVPXuvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qci1ZTA</latexit>

G1 · TN

<latexit sha1_base64="ACyQGXh/Qe31srW4j3HnyxUZXN8=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31irhDgwhwzXO8XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hglKQ=</latexit>

G2 · T1
<latexit sha1_base64="DK8Uz4GRT1pyqaO6S1ZFY9iel8Q=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZ2eTIbOz60xvIIR8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5SeCa7DtL2tldW19YzOzld3e2d3bzx0cNnScKsrqNBaxavlEM8ElqwMHwVqJYiTyBWv6/ZuJ3xwwpXksazBMmBuRruQhpwSM5N56RdyhQQy45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQxTSMmgQqidduxE3BHRAGngo2znVSzhNA+6bK2oZJETLuj6dFjfGaUAIexMiUBT9XfEyMSaT2MfNMZEejpRW8i/ue1Uwiv3RGXSQpM0tmiMBUYYjxJAAdcMQpiaAihiptbMe0RRSiYnLImBGfx5WXSKBacy8JF1aRRRjNk0Ak6RefIQVeohO5QBdURRffoAT2hZ2tgPVov1uusdcWazxyhP7DefwD55JSl</latexit>

G2 · T2
<latexit sha1_base64="TELVcTGxpvgRI5E8l+X1JBc2ZEY=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k3Xgl2cSA0rHt3Xr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJGOUwQ==</latexit>

G2 · TN

<latexit sha1_base64="PxzBbdkUH89Y5MoyN8b/bBiCeRM=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrsqMiLosdaGr0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3Az8VtDIhUVvK5HMXEj1OM0pBhpI7m3XgV2cSA0rHsVL1+wi/YUcJk4c1IoHdW+6Vv5o+rlP7uBwElEuMYMKdVx7Fi7KZKaYkbGuW6iSIzwAPVIx1COIqLcdHr0GJ4aJYChkKa4hlP190SKIqVGkW86I6T7atGbiP95nUSH125KeZxowvFsUZgwqAWcJAADKgnWbGQIwpKaWyHuI4mwNjnlTAjO4svLpHledC6LFzWTRhnMkAXH4AScAQdcgRK4A1XQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AT+uU3Q==</latexit>

GN · TN
<latexit sha1_base64="UIGJcxP6oTW9nWYGAy4alko4xEA=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvvDvUJh2hUdVzvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qcj95TA</latexit>

GN · T1
<latexit sha1_base64="swRBtKfZWTapsttuPLaLCeIfpbI=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k33h3s4kBoWPdKXr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJXuUwQ==</latexit>

GN · T2
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<latexit sha1_base64="4Jn0afzzSAZ+HW4DksC0zF0bHiU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KUom6EohuXFewD+mIymbRDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAhcM593LvPW7EqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXDWGDSxCELRcdFkjDKSVNRxUgnEgQFLiNtd3KT+e0HIiQN+b2aRqQfoBGnPsVIaWloHqGrni8QTrxBNUoTTw2qaWlolu2KPYO1TJyclCFHY2h+9bwQxwHhCjMkZdexI9VPkFAUM5KWerEkEcITNCJdTTkKiOwns+tT61QrnuWHQhdX1kz9PZGgQMpp4OrOAKmxXPQy8T+vGyv/sp9QHsWKcDxf5MfMUqGVRWF5VBCs2FQThAXVt1p4jHQYSgeWheAsvrxMWtWKc16p3dXK9es8jiIcwwmcgQMXUIdbaEATMDzCM7zCm/FkvBjvxse8tWDkM4fwB8bnD9ohlNg=</latexit>

a =
d2p

dt2
<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="vNmqHEfpBALfkYAYHMR+OUcAQnw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9ciU5rF8MOOE+REOJA85RWOle+w99coVt+rOQJaJl5MK5Kj3yl/dfkzTiElDBWrd8dzE+Bkqw6lgk1I31SxBOsIB61gqMWLaz2anTsiJVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm079JnytGjRhbglRxeyuhQ1RIjU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODaAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNXMI3Z</latexit>ax

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="jdgZoDsAc5arC79TJ12mmV/kC4A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aLKE+REOJQ85RWOlB+xn/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcx/gSV4VSwaamXapYgHeOQdS2VGDHtT+anTsmZVQYkjJUtachc/T0xwUjrLApsZ4RmpJe9mfif101NeO1PuExSwyRdLApTQUxMZn+TAVeMGpFZglRxeyuhI1RIjU2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBYtI3a</latexit>ay

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az

<latexit sha1_base64="Sg7NCrnaof4/uzmTbEqwTji/SvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6p72nXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNaOI3b</latexit>az
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Rotation
Invariance

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x
<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x

<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y
<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

Graph
Encoder

a person walks 
slowly forward 

and then makes 
a right turn

A person moves 
slowly ahead and 

subsequently 
turns to the right

Text
Encoder

LLM

Pre-training

<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="96hQc4WXUNKO4+ObQ3govY5gyCM=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgeAq7IuoxxIMeE8gLkmWZnZ0kQ2Zn15neQFjyHV48KOJRv8Iv8ObFb3HyOGhiQUNR1U13lx8LrsG2v6zMyura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0BzcTvzlkSvNI1mAUMzckPcm7nBIwknvrObhDgwhwzXO8fMEu2lPgZeLMSaF0VP3mb+WPipf/7AQRTUImgQqidduxY3BTooBTwca5TqJZTOiA9FjbUElCpt10evQYnxolwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTjkTgrP48jJpnBedy+JF1aRRRjNk0TE6QWfIQVeohO5QBdURRffoAT2hZ2toPVov1uusNWPNZw7RH1jvP/bSlKM=</latexit>

G1 · T1

<latexit sha1_base64="RP8pf5ofUrDEO2kPbavZ4ggGr1Y=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgNopYhFlomaB6QLGF2MpsMmZldZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peztLyyurae2chubm3v7Ob29us6ShShNRLxSDUDrClnktYMM5w2Y0WxCDhtBIOrsd+4p0qzSN6ZYUx9gXuShYxgY6Xb606xk8u7BXcCtEi8GcmXDqvf7L38UenkPtvdiCSCSkM41rrlubHxU6wMI5yOsu1E0xiTAe7RlqUSC6r9dHLqCJ1YpYvCSNmSBk3U3xMpFloPRWA7BTZ9Pe+Nxf+8VmLCSz9lMk4MlWS6KEw4MhEa/426TFFi+NASTBSztyLSxwoTY9PJ2hC8+ZcXSb1Y8M4LZ1WbRhmmyMARHMMpeHABJbiBCtSAQA8e4AmeHe48Oi/O67R1yZnNHMAfOG8/pBWRFg==</latexit>

G2

<latexit sha1_base64="s6C++dBuOcBxYWMuETtemzWCa7w=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQC60kQfOAZAmzk9lkyMzsMjMrhCWfYGOhiK2tf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+chcWl5ZXVzFp2fWNzazu3s1vTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvz6PVWaRfLODGLqC9yVLGQEGyvdXrVv2rm8W3DHQPPEm5J8cb/yzd5LH+V27rPViUgiqDSEY62bnhsbP8XKMMLpMNtKNI0x6eMubVoqsaDaT8enDtGRVToojJQtadBY/T2RYqH1QAS2U2DT07PeSPzPayYmvPBTJuPEUEkmi8KEIxOh0d+owxQlhg8swUQxeysiPawwMTadrA3Bm315ntROCt5Z4bRi0yjBBBk4gEM4Bg/OoQjXUIYqEOjCAzzBs8OdR+fFeZ20LjjTmT34A+ftB86FkTI=</latexit>

GN

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

... <latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

...

<latexit sha1_base64="QTiMs/PM5VkJMZilgL5QOTaNQS8=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiFqG2FgmmBckS5idzCZDZmeWmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++VkVlbX1jeym7mt7Z3dvfz+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/OY9VZpJUTOjmPoR7gsWMoKNle5qXa+bL7hFdwq0TLw5KZSOqt/svfxR6eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NQxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ykTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdnQ/AWX14mjfOid1m8qNo0yjBDFo7hBM7AgysowS1UoA4E+vAAT/DscOfReXFeZ60ZZz5zCH/gvP0Atl+RIg==</latexit>

T1
<latexit sha1_base64="GQ2o0KcJqvLiNukUPPFQnOm8/rM=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgNopYhNpYJ5gXJEmYns8mQ2dllZlYISz7BxkIRW1v/wi+ws/FbnDwKTTxw4XDOvdx7jx8Lro3jfKGV1bX1jc3MVnZ7Z3dvP3dw2NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yZ+M17pjSPZM2MYuaFpC95wCkxVrqrdYvdXN4pOFPgZeLOSb50XP3m7+WPSjf32elFNAmZNFQQrduuExsvJcpwKtg420k0iwkdkj5rWypJyLSXTk8d4zOr9HAQKVvS4Kn6eyIlodaj0LedITEDvehNxP+8dmKCay/lMk4Mk3S2KEgENhGe/I17XDFqxMgSQhW3t2I6IIpQY9PJ2hDcxZeXSaNYcC8LF1WbRhlmyMAJnMI5uHAFJbiFCtSBQh8e4AmekUCP6AW9zlpX0HzmCP4Avf0At+ORIw==</latexit>

T2
<latexit sha1_base64="3lfM3+hxjM1gMTvVW4oUqxyDb84=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQGytJMC9IljA7mU2GzMwuM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2gsH12G/cU6VZJKtmGFNf4J5kISPYWOmu2rnt5PJuwZ0ALRJvRvLFw8o3ey99lDu5z3Y3Iomg0hCOtW55bmz8FCvDCKejbDvRNMZkgHu0ZanEgmo/nZw6QidW6aIwUrakQRP190SKhdZDEdhOgU1fz3tj8T+vlZjwyk+ZjBNDJZkuChOOTITGf6MuU5QYPrQEE8XsrYj0scLE2HSyNgRv/uVFUj8reBeF84pNowRTZOAIjuEUPLiEItxAGWpAoAcP8ATPDncenRfnddq65MxmDuAPnLcf4lORPw==</latexit>

TN
<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="Gem9ZCkL5p+2f1+eospDf7WEmnQ=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31HNyhQQS45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hWlKQ=</latexit>

G1 · T2
<latexit sha1_base64="kNguS5qohluXgcx8Y2i3yk0Qo10=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvPAe1SUdoVPXuvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qci1ZTA</latexit>

G1 · TN

<latexit sha1_base64="ACyQGXh/Qe31srW4j3HnyxUZXN8=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31irhDgwhwzXO8XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hglKQ=</latexit>

G2 · T1
<latexit sha1_base64="DK8Uz4GRT1pyqaO6S1ZFY9iel8Q=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZ2eTIbOz60xvIIR8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5SeCa7DtL2tldW19YzOzld3e2d3bzx0cNnScKsrqNBaxavlEM8ElqwMHwVqJYiTyBWv6/ZuJ3xwwpXksazBMmBuRruQhpwSM5N56RdyhQQy45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQxTSMmgQqidduxE3BHRAGngo2znVSzhNA+6bK2oZJETLuj6dFjfGaUAIexMiUBT9XfEyMSaT2MfNMZEejpRW8i/ue1Uwiv3RGXSQpM0tmiMBUYYjxJAAdcMQpiaAihiptbMe0RRSiYnLImBGfx5WXSKBacy8JF1aRRRjNk0Ak6RefIQVeohO5QBdURRffoAT2hZ2tgPVov1uusdcWazxyhP7DefwD55JSl</latexit>

G2 · T2
<latexit sha1_base64="TELVcTGxpvgRI5E8l+X1JBc2ZEY=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k3Xgl2cSA0rHt3Xr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJGOUwQ==</latexit>

G2 · TN

<latexit sha1_base64="PxzBbdkUH89Y5MoyN8b/bBiCeRM=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrsqMiLosdaGr0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3Az8VtDIhUVvK5HMXEj1OM0pBhpI7m3XgV2cSA0rHsVL1+wi/YUcJk4c1IoHdW+6Vv5o+rlP7uBwElEuMYMKdVx7Fi7KZKaYkbGuW6iSIzwAPVIx1COIqLcdHr0GJ4aJYChkKa4hlP190SKIqVGkW86I6T7atGbiP95nUSH125KeZxowvFsUZgwqAWcJAADKgnWbGQIwpKaWyHuI4mwNjnlTAjO4svLpHledC6LFzWTRhnMkAXH4AScAQdcgRK4A1XQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AT+uU3Q==</latexit>

GN · TN
<latexit sha1_base64="UIGJcxP6oTW9nWYGAy4alko4xEA=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvvDvUJh2hUdVzvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qcj95TA</latexit>

GN · T1
<latexit sha1_base64="swRBtKfZWTapsttuPLaLCeIfpbI=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIrspMEXVZ6kJX0kJf0A5DJpNpQzPJmGQKZeh3uHGhiEv9Cr/AnRu/xfSx0NYDFw7n3Mu99/gxo0rb9peVWVldW9/Ibua2tnd29/L7B00lEolJAwsmZNtHijDKSUNTzUg7lgRFPiMtf3A98VtDIhUVvK5HMXEj1OM0pBhpI7k33h3s4kBoWPdKXr5gF+0p4DJx5qRQPqp907fKR9XLf3YDgZOIcI0ZUqrj2LF2UyQ1xYyMc91EkRjhAeqRjqEcRUS56fToMTw1SgBDIU1xDafq74kURUqNIt90Rkj31aI3Ef/zOokOr9yU8jjRhOPZojBhUAs4SQAGVBKs2cgQhCU1t0LcRxJhbXLKmRCcxZeXSbNUdC6K5zWTRgXMkAXH4AScAQdcgjK4BVXQABjcgwfwBJ6tofVovVivs9aMNZ85BH9gvf8AJXuUwQ==</latexit>

GN · T2

Motion Descriptions

Text Augmentation

Contrastive Learning

• Physics engine: simulate synthetic IMU data + rotation-invariant augmentation 


• Contrastive learning: graph encoder + text encoder with text augmentation
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Method
Pre-training



• Inference: compare the similarity scores with all label candidates 


• Fine-tuning: cross entropy

14

Graph Encoder

Sitting

Text Encoder

Inference

<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="96hQc4WXUNKO4+ObQ3govY5gyCM=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgeAq7IuoxxIMeE8gLkmWZnZ0kQ2Zn15neQFjyHV48KOJRv8Iv8ObFb3HyOGhiQUNR1U13lx8LrsG2v6zMyura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0BzcTvzlkSvNI1mAUMzckPcm7nBIwknvrObhDgwhwzXO8fMEu2lPgZeLMSaF0VP3mb+WPipf/7AQRTUImgQqidduxY3BTooBTwca5TqJZTOiA9FjbUElCpt10evQYnxolwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTjkTgrP48jJpnBedy+JF1aRRRjNk0TE6QWfIQVeohO5QBdURRffoAT2hZ2toPVov1uusNWPNZw7RH1jvP/bSlKM=</latexit>

G1 · T1

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

...

<latexit sha1_base64="QTiMs/PM5VkJMZilgL5QOTaNQS8=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiFqG2FgmmBckS5idzCZDZmeWmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++VkVlbX1jeym7mt7Z3dvfz+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/OY9VZpJUTOjmPoR7gsWMoKNle5qXa+bL7hFdwq0TLw5KZSOqt/svfxR6eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NQxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ykTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdnQ/AWX14mjfOid1m8qNo0yjBDFo7hBM7AgysowS1UoA4E+vAAT/DscOfReXFeZ60ZZz5zCH/gvP0Atl+RIg==</latexit>

T1
<latexit sha1_base64="GQ2o0KcJqvLiNukUPPFQnOm8/rM=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgNopYhNpYJ5gXJEmYns8mQ2dllZlYISz7BxkIRW1v/wi+ws/FbnDwKTTxw4XDOvdx7jx8Lro3jfKGV1bX1jc3MVnZ7Z3dvP3dw2NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yZ+M17pjSPZM2MYuaFpC95wCkxVrqrdYvdXN4pOFPgZeLOSb50XP3m7+WPSjf32elFNAmZNFQQrduuExsvJcpwKtg420k0iwkdkj5rWypJyLSXTk8d4zOr9HAQKVvS4Kn6eyIlodaj0LedITEDvehNxP+8dmKCay/lMk4Mk3S2KEgENhGe/I17XDFqxMgSQhW3t2I6IIpQY9PJ2hDcxZeXSaNYcC8LF1WbRhlmyMAJnMI5uHAFJbiFCtSBQh8e4AmekUCP6AW9zlpX0HzmCP4Avf0At+ORIw==</latexit>

T2
<latexit sha1_base64="3lfM3+hxjM1gMTvVW4oUqxyDb84=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQGytJMC9IljA7mU2GzMwuM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2gsH12G/cU6VZJKtmGFNf4J5kISPYWOmu2rnt5PJuwZ0ALRJvRvLFw8o3ey99lDu5z3Y3Iomg0hCOtW55bmz8FCvDCKejbDvRNMZkgHu0ZanEgmo/nZw6QidW6aIwUrakQRP190SKhdZDEdhOgU1fz3tj8T+vlZjwyk+ZjBNDJZkuChOOTITGf6MuU5QYPrQEE8XsrYj0scLE2HSyNgRv/uVFUj8reBeF84pNowRTZOAIjuEUPLiEItxAGWpAoAcP8ATPDncenRfnddq65MxmDuAPnLcf4lORPw==</latexit>

TN
<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...<latexit sha1_base64="Gem9ZCkL5p+2f1+eospDf7WEmnQ=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31HNyhQQS45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hWlKQ=</latexit>

G1 · T2
<latexit sha1_base64="kNguS5qohluXgcx8Y2i3yk0Qo10=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvPAe1SUdoVPXuvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qci1ZTA</latexit>
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• Inference: compare the similarity scores with all label candidates 


• Fine-tuning: cross entropy

15

Graph Encoder

Sitting

Text Encoder

Inference

<latexit sha1_base64="Y2AJOPFykYN+pCeNE2ldqiDByLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/D6Y14</latexit>

G1
<latexit sha1_base64="96hQc4WXUNKO4+ObQ3govY5gyCM=">AAAB9HicbVDLSgNBEJyNrxhfUcGLl8EgeAq7IuoxxIMeE8gLkmWZnZ0kQ2Zn15neQFjyHV48KOJRv8Iv8ObFb3HyOGhiQUNR1U13lx8LrsG2v6zMyura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0BzcTvzlkSvNI1mAUMzckPcm7nBIwknvrObhDgwhwzXO8fMEu2lPgZeLMSaF0VP3mb+WPipf/7AQRTUImgQqidduxY3BTooBTwca5TqJZTOiA9FjbUElCpt10evQYnxolwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTjkTgrP48jJpnBedy+JF1aRRRjNk0TE6QWfIQVeohO5QBdURRffoAT2hZ2toPVov1uusNWPNZw7RH1jvP/bSlKM=</latexit>

G1 · T1

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>

...

<latexit sha1_base64="QTiMs/PM5VkJMZilgL5QOTaNQS8=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiFqG2FgmmBckS5idzCZDZmeWmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++VkVlbX1jeym7mt7Z3dvfz+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/OY9VZpJUTOjmPoR7gsWMoKNle5qXa+bL7hFdwq0TLw5KZSOqt/svfxR6eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NQxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ykTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdnQ/AWX14mjfOid1m8qNo0yjBDFo7hBM7AgysowS1UoA4E+vAAT/DscOfReXFeZ60ZZz5zCH/gvP0Atl+RIg==</latexit>

T1
<latexit sha1_base64="GQ2o0KcJqvLiNukUPPFQnOm8/rM=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgNopYhNpYJ5gXJEmYns8mQ2dllZlYISz7BxkIRW1v/wi+ws/FbnDwKTTxw4XDOvdx7jx8Lro3jfKGV1bX1jc3MVnZ7Z3dvP3dw2NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yZ+M17pjSPZM2MYuaFpC95wCkxVrqrdYvdXN4pOFPgZeLOSb50XP3m7+WPSjf32elFNAmZNFQQrduuExsvJcpwKtg420k0iwkdkj5rWypJyLSXTk8d4zOr9HAQKVvS4Kn6eyIlodaj0LedITEDvehNxP+8dmKCay/lMk4Mk3S2KEgENhGe/I17XDFqxMgSQhW3t2I6IIpQY9PJ2hDcxZeXSaNYcC8LF1WbRhlmyMAJnMI5uHAFJbiFCtSBQh8e4AmekUCP6AW9zlpX0HzmCP4Avf0At+ORIw==</latexit>

T2
<latexit sha1_base64="3lfM3+hxjM1gMTvVW4oUqxyDb84=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQGytJMC9IljA7mU2GzMwuM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2gsH12G/cU6VZJKtmGFNf4J5kISPYWOmu2rnt5PJuwZ0ALRJvRvLFw8o3ey99lDu5z3Y3Iomg0hCOtW55bmz8FCvDCKejbDvRNMZkgHu0ZanEgmo/nZw6QidW6aIwUrakQRP190SKhdZDEdhOgU1fz3tj8T+vlZjwyk+ZjBNDJZkuChOOTITGf6MuU5QYPrQEE8XsrYj0scLE2HSyNgRv/uVFUj8reBeF84pNowRTZOAIjuEUPLiEItxAGWpAoAcP8ATPDncenRfnddq65MxmDuAPnLcf4lORPw==</latexit>

TN
<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...

<latexit sha1_base64="2qWSJhNpQEn6cVxXUsdRV9Tcd3c=">AAAB7HicbVDLSsNAFL2prxpfVZduBovgKiQi1Y1YdOOygmkLbSiT6aQdOpmEmYlQQr/BjQtFXAn+ins34t84fSy09VwuHM65l/sIU86Udt1vq7C0vLK6Vly3Nza3tndKu3t1lWSSUJ8kPJHNECvKmaC+ZprTZiopjkNOG+Hgeuw37qlULBF3epjSIMY9wSJGsDaS79gmOqWy67gToEXizUj58sO+SN++7Fqn9NnuJiSLqdCEY6VanpvqIMdSM8LpyG5niqaYDHCPtgwVOKYqyCfLjtCRUbooSqRJodFE/d2R41ipYRyayhjrvpr3xuJ/XivT0XmQM5FmmgoyHRRlHOkEjS9HXSYp0XxoCCaSmV0R6WOJiTb/sc0TvPmTF0n9xPEqzumtW65ewRRFOIBDOAYPzqAKN1ADHwgweIAneLaE9Wi9WK/T0oI169mHP7DefwAXPJCQ</latexit>...<latexit sha1_base64="Gem9ZCkL5p+2f1+eospDf7WEmnQ=">AAAB9HicbVDLSgNBEJz1GeMrKnjxMhgET2E3iHoM8aDHBPKCZFlmZyfJkNnZdaY3EJZ8hxcPinjUr/ALvHnxW5w8DppY0FBUddPd5ceCa7DtL2tldW19YzOzld3e2d3bzx0cNnSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g5uJ3xwypXkkazCKmRuSnuRdTgkYyb31HNyhQQS45hW9XN4u2FPgZeLMSb50XP3mb+WPipf77AQRTUImgQqidduxY3BTooBTwcbZTqJZTOiA9FjbUElCpt10evQYnxklwN1ImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBLrXbsplnACTdLaomwgMEZ4kgAOuGAUxMoRQxc2tmPaJIhRMTlkTgrP48jJpFAvOZeGiatIooxky6ASdonPkoCtUQneoguqIonv0gJ7QszW0Hq0X63XWumLNZ47QH1jvP/hWlKQ=</latexit>

G1 · T2
<latexit sha1_base64="kNguS5qohluXgcx8Y2i3yk0Qo10=">AAAB9HicbVDLSgNBEOz1GeMrKnjxMhgET2FXRD2GeNCTJJAXJMsyO5lNhszurDOzgbDkO7x4UMSjfoVf4M2L3+LkcdDEgoaiqpvuLj/mTGnb/rKWlldW19YzG9nNre2d3dzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378e+40BlYqJqKqHMXVD3I1YwAjWRnJvPAe1SUdoVPXuvFzeLtgToEXizEi+eFj5Zm+lj7KX+2x3BElCGmnCsVItx461m2KpGeF0lG0nisaY9HGXtgyNcEiVm06OHqETo3RQIKSpSKOJ+nsixaFSw9A3nSHWPTXvjcX/vFaigys3ZVGcaBqR6aIg4UgLNE4AdZikRPOhIZhIZm5FpIclJtrklDUhOPMvL5L6WcG5KJxXTBolmCIDR3AMp+DAJRThFspQAwL38ABP8GwNrEfrxXqdti5Zs5kD+APr/Qci1ZTA</latexit>
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• State-of-the-art performance on 18 HAR benchmark datasets


• 8 easy datasets (<10), 8 medium datasets (10-20), 2 hard datasets (> 20)

Experiments
Datasets
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• State-of-the-art performance on 18 HAR benchmark datasets


• 8 easy datasets (<10), 8 medium datasets (10-20), 2 hard datasets (> 20)

Full-shot setting

Few-shot Setting

Zero-shot Setting

Experiments
Main Results
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Performance 
increase by 340%

Performance 
increase by 16.3%

Performance 
increase by 9.2%



• Simulated data have similar patterns as real data

Visualizations
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• Simulated data have similar patterns as real data 
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• Simulated data have similar patterns as real data


• Contrastive pre-training learns the semantics of time series data
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• Simulated data have similar patterns as real data


• Contrastive pre-training learns the semantics of time series data
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• Simulated data have similar patterns as real data


• Contrastive pre-training learns the semantics of time series data
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• Simulated data have similar patterns as real data


• Contrastive pre-training learns the semantics of time series data

Zero-shot generalization to new activities
24

Real PAMAP2 data

Simulation data
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Thank you!
Contact: xiyuanzh@ucsd.edu 

Code Release: https://github.com/xiyuanzh/UniMTS  
Model Release: https://huggingface.co/xiyuanz/UniMTS 

mailto:xiyuanzh@ucsd.edu
https://github.com/xiyuanzh/UniMTS
https://huggingface.co/xiyuanz/UniMTS

