
<latexit sha1_base64="LdbxdGJAhp38efwPzveJQjBhg4c=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGLCV4QL2VvmYMPe3mV3z4QQ/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLEsG1cd1vJ7exubW9k98t7O0fHB4Vj09aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzf32EyrNY9kwkwT9iA4lDzmjxkqP5V5jhIb2vXK/WHIr7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxcUzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzm75MBV8iMmFhCmeL2VsJGVFFmbEgFG4K3+vI6aVUr3lXFe6iWardZHHk4g3O4BA+uoQb3UIcmMJDwDK/w5mjnxXl3PpatOSebOYU/cD5/AFi6kAw=</latexit>

⇥1
<latexit sha1_base64="z7D8yIEA4vshhhPli5iUrCSeqGA=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGLCV4QL2VsW2LC3d9mdMyEX/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLYikMuu63k9vY3Nreye8W9vYPDo+KxyctEyWa8SaLZKQ7ATVcCsWbKFDyTqw5DQPJ28Hkbu63n7g2IlINnMbcD+lIiaFgFK30WO41xhxpv1ruF0tuxV2ArBMvIyXIUO8Xv3qDiCUhV8gkNabruTH6KdUomOSzQi8xPKZsQke8a6miITd+urh4Ri6sMiDDSNtSSBbq74mUhsZMw8B2hhTHZtWbi/953QSHN34qVJwgV2y5aJhIghGZv08GQnOGcmoJZVrYWwkbU00Z2pAKNgRv9eV10qpWvKuK91At1W6zOPJwBudwCR5cQw3uoQ5NYKDgGV7hzTHOi/PufCxbc042cwp/4Hz+AFo/kA0=</latexit>

⇥2

<latexit sha1_base64="+Ohb8b9J6cnNi8b5c9MMRv4tz9I=">AAAB83icbVA9SwNBEJ3zM8avqKXNYiLYGO5SqGXQxjKC+YDkCHubvWTJ3u2xOyeEI3/DxkIRW/+Mnf/GTXKFJj4YeLw3w8y8IJHCoOt+O2vrG5tb24Wd4u7e/sFh6ei4ZVSqGW8yJZXuBNRwKWLeRIGSdxLNaRRI3g7GdzO//cS1ESp+xEnC/YgOYxEKRtFKvYqoXOKIaBUo7JfKbtWdg6wSLydlyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+85ScW2VAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzAIgA6E5QzmxhDIt7K2EjaimDG1MRRuCt/zyKmnVqt5V1Xuoleu3eRwFOIUzuAAPrqEO99CAJjBI4Ble4c1JnRfn3flYtK45+cwJ/IHz+QPrKpD2</latexit>

i-th robot

<latexit sha1_base64="U9ov1h4HLGeDxVK/iSGt5HKBbn4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2iXUs2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywvp35rSeqNIvkg5nE1Bd4KFnICDZW6nQe0zI7n/a9frHkVtw50CrxMlKCDPV+8as3iEgiqDSEY627nhsbP8XKMMLptNBLNI0xGeMh7VoqsaDaT+cHT9GZVQYojJQtadBc/T2RYqH1RAS2U2Az0sveTPzP6yYmvPZTJuPEUEkWi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajgg3BW355lTQvKt5lxbuvlmo3WRx5OIFTKIMHV1CDO6hDAwgIeIZXeHOU8+K8Ox+L1pyTzRzDHzifP+fUj9M=</latexit>

Y (i)
1

<latexit sha1_base64="4B0idtawb7vR1la237iAeQ9iz/k=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuEfVY9OKxgv2iXUs2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywvp35rSeqNIvkg5nE1Bd4KFnICDZW6nQe0zI7n/ar/WLJrbhzoFXiZaQEGer94ldvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rVUYkG1n84PnqIzqwxQGClb0qC5+nsixULriQhsp8BmpJe9mfif101MeO2nTMaJoZIsFoUJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGBRuCt/zyKmlWK95lxbu/KNVusjjycAKnUAYPrqAGd1CHBhAQ8Ayv8OYo58V5dz4WrTknmzmGP3A+fwDpWI/U</latexit>

Y (i)
2

<latexit sha1_base64="WYbSU98zEai40+QKEavBwTHUO+c=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8SNktoh6rXjxWsB/QXUo2zbah2eyaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgkRwbRznG62srq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC4d3Ub42Y0jyWj2acMD8ifclDTomxkn/T5R6XXuaeV71Jt1R2Ks4MeJm4OSlDjnq39OX1YppGTBoqiNYd10mMnxFlOBVsUvRSzRJCh6TPOpZKEjHtZ7OjJ/jUKj0cxsqWNHim/p7ISKT1OApsZ0TMQC96U/E/r5Oa8NrPuExSwySdLwpTgU2MpwngHleMGjG2hFDF7a2YDogi1NicijYEd/HlZdKsVtzLivtwUa7d5nEU4BhO4AxcuIIa3EMdGkDhCZ7hFd7QCL2gd/Qxb11B+cwR/AH6/AHTwZF9</latexit>

Ai 2 {1, 2}

<latexit sha1_base64="s42nDho2KpDa+/Ot+HcFt3H4e4I=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhAsJNylUMuAjWUE8wHJEfY2m2TN3u6xOyeEI//BxkIRW/+Pnf/GTXKFJj4YeLw3w8y8KJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSE6kdk6BXKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippVivBVSW4r5Zrl3kcBTiFM7iAAK6hBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MH9++OqA==</latexit>

task 1
<latexit sha1_base64="LkSZqOKCTDucVpcGD1r2bcWYLR8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhAsJNylUMuAjWUE8wHJEfY2m2TN3u6xOyeEI//BxkIRW/+Pnf/GTXKFJj4YeLw3w8y8KJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSE6kdk2qvVPYr/hxklQQ5KUOOeq/01e1rlsZcIZPU2k7gJxhm1KBgkk+L3dTyhLIxHfKOo4rG3IbZ/NopOXdKnwy0caWQzNXfExmNrZ3EkeuMKY7ssjcT//M6KQ5uwkyoJEWu2GLRIJUENZm9TvrCcIZy4ghlRrhbCRtRQxm6gIouhGD55VXSrFaCq0pwXy3XLvM4CnAKZ3ABAVxDDe6gDg1g8AjP8ApvnvZevHfvY9G65uUzJ/AH3ucP+XOOqQ==</latexit>

task 2
<latexit sha1_base64="kqgBtjpYGTKwUYXiC59I3LJHxZY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjSupYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywus381pgqzSL5aCYx9QUeSBYygo2V/K7AZkgwT++nPdYrV9yqOwNaJl5OKpCj3it/dfsRSQSVhnCsdcdzY+OnWBlGOJ2WuommMSYjPKAdSyUWVPvpLPQUnVilj8JI2ScNmqm/N1IstJ6IwE5mIfWil4n/eZ3EhNd+ymScGCrJ/FCYcGQilDWA+kxRYvjEEkwUs1kRGWKFibE9lWwJ3uKXl0nzrOpdVi8eziu1m7yOIhzBMZyCB1dQgzuoQwMIPMEzvMKbM3ZenHfnYz5acPKdQ/gD5/MHCdaSSg==</latexit>

Ni

<latexit sha1_base64="LdbxdGJAhp38efwPzveJQjBhg4c=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGLCV4QL2VvmYMPe3mV3z4QQ/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLEsG1cd1vJ7exubW9k98t7O0fHB4Vj09aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzf32EyrNY9kwkwT9iA4lDzmjxkqP5V5jhIb2vXK/WHIr7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxcUzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzm75MBV8iMmFhCmeL2VsJGVFFmbEgFG4K3+vI6aVUr3lXFe6iWardZHHk4g3O4BA+uoQb3UIcmMJDwDK/w5mjnxXl3PpatOSebOYU/cD5/AFi6kAw=</latexit>

⇥1
<latexit sha1_base64="z7D8yIEA4vshhhPli5iUrCSeqGA=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGLCV4QL2VsW2LC3d9mdMyEX/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLYikMuu63k9vY3Nreye8W9vYPDo+KxyctEyWa8SaLZKQ7ATVcCsWbKFDyTqw5DQPJ28Hkbu63n7g2IlINnMbcD+lIiaFgFK30WO41xhxpv1ruF0tuxV2ArBMvIyXIUO8Xv3qDiCUhV8gkNabruTH6KdUomOSzQi8xPKZsQke8a6miITd+urh4Ri6sMiDDSNtSSBbq74mUhsZMw8B2hhTHZtWbi/953QSHN34qVJwgV2y5aJhIghGZv08GQnOGcmoJZVrYWwkbU00Z2pAKNgRv9eV10qpWvKuK91At1W6zOPJwBudwCR5cQw3uoQ5NYKDgGV7hzTHOi/PufCxbc042cwp/4Hz+AFo/kA0=</latexit>

⇥2

<latexit sha1_base64="+Ohb8b9J6cnNi8b5c9MMRv4tz9I=">AAAB83icbVA9SwNBEJ3zM8avqKXNYiLYGO5SqGXQxjKC+YDkCHubvWTJ3u2xOyeEI3/DxkIRW/+Mnf/GTXKFJj4YeLw3w8y8IJHCoOt+O2vrG5tb24Wd4u7e/sFh6ei4ZVSqGW8yJZXuBNRwKWLeRIGSdxLNaRRI3g7GdzO//cS1ESp+xEnC/YgOYxEKRtFKvYqoXOKIaBUo7JfKbtWdg6wSLydlyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+85ScW2VAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzAIgA6E5QzmxhDIt7K2EjaimDG1MRRuCt/zyKmnVqt5V1Xuoleu3eRwFOIUzuAAPrqEO99CAJjBI4Ble4c1JnRfn3flYtK45+cwJ/IHz+QPrKpD2</latexit>

i-th robot

<latexit sha1_base64="U9ov1h4HLGeDxVK/iSGt5HKBbn4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2iXUs2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywvp35rSeqNIvkg5nE1Bd4KFnICDZW6nQe0zI7n/a9frHkVtw50CrxMlKCDPV+8as3iEgiqDSEY627nhsbP8XKMMLptNBLNI0xGeMh7VoqsaDaT+cHT9GZVQYojJQtadBc/T2RYqH1RAS2U2Az0sveTPzP6yYmvPZTJuPEUEkWi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajgg3BW355lTQvKt5lxbuvlmo3WRx5OIFTKIMHV1CDO6hDAwgIeIZXeHOU8+K8Ox+L1pyTzRzDHzifP+fUj9M=</latexit>

Y (i)
1

<latexit sha1_base64="4B0idtawb7vR1la237iAeQ9iz/k=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuEfVY9OKxgv2iXUs2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywvp35rSeqNIvkg5nE1Bd4KFnICDZW6nQe0zI7n/ar/WLJrbhzoFXiZaQEGer94ldvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rVUYkG1n84PnqIzqwxQGClb0qC5+nsixULriQhsp8BmpJe9mfif101MeO2nTMaJoZIsFoUJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGBRuCt/zyKmlWK95lxbu/KNVusjjycAKnUAYPrqAGd1CHBhAQ8Ayv8OYo58V5dz4WrTknmzmGP3A+fwDpWI/U</latexit>

Y (i)
2

<latexit sha1_base64="WYbSU98zEai40+QKEavBwTHUO+c=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8SNktoh6rXjxWsB/QXUo2zbah2eyaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgkRwbRznG62srq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC4d3Ub42Y0jyWj2acMD8ifclDTomxkn/T5R6XXuaeV71Jt1R2Ks4MeJm4OSlDjnq39OX1YppGTBoqiNYd10mMnxFlOBVsUvRSzRJCh6TPOpZKEjHtZ7OjJ/jUKj0cxsqWNHim/p7ISKT1OApsZ0TMQC96U/E/r5Oa8NrPuExSwySdLwpTgU2MpwngHleMGjG2hFDF7a2YDogi1NicijYEd/HlZdKsVtzLivtwUa7d5nEU4BhO4AxcuIIa3EMdGkDhCZ7hFd7QCL2gd/Qxb11B+cwR/AH6/AHTwZF9</latexit>

Ai 2 {1, 2}

<latexit sha1_base64="s42nDho2KpDa+/Ot+HcFt3H4e4I=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhAsJNylUMuAjWUE8wHJEfY2m2TN3u6xOyeEI//BxkIRW/+Pnf/GTXKFJj4YeLw3w8y8KJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSE6kdk6BXKvsVfw6ySoKclCFHvVf66vY1S2OukElqbSfwEwwzalAwyafFbmp5QtmYDnnHUUVjbsNsfu2UnDulTwbauFJI5urviYzG1k7iyHXGFEd22ZuJ/3mdFAc3YSZUkiJXbLFokEqCmsxeJ31hOEM5cYQyI9ythI2ooQxdQEUXQrD88ippVivBVSW4r5Zrl3kcBTiFM7iAAK6hBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MH9++OqA==</latexit>

task 1
<latexit sha1_base64="LkSZqOKCTDucVpcGD1r2bcWYLR8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhAsJNylUMuAjWUE8wHJEfY2m2TN3u6xOyeEI//BxkIRW/+Pnf/GTXKFJj4YeLw3w8y8KJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSE6kdk2qvVPYr/hxklQQ5KUOOeq/01e1rlsZcIZPU2k7gJxhm1KBgkk+L3dTyhLIxHfKOo4rG3IbZ/NopOXdKnwy0caWQzNXfExmNrZ3EkeuMKY7ssjcT//M6KQ5uwkyoJEWu2GLRIJUENZm9TvrCcIZy4ghlRrhbCRtRQxm6gIouhGD55VXSrFaCq0pwXy3XLvM4CnAKZ3ABAVxDDe6gDg1g8AjP8ApvnvZevHfvY9G65uUzJ/AH3ucP+XOOqQ==</latexit>

task 2

<latexit sha1_base64="6JSv0Jswn58PjeiWFuNLx+KyVCY=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFcSEnE10YounFZwT4gCWUynbRDJzNhZiKU0M9w40IRt36NO//GaZuFth64cDjnXu69J0o508Z1v52l5ZXVtfXSRnlza3tnt7K339IyU4Q2ieRSdSKsKWeCNg0znHZSRXEScdqOhncTv/1ElWZSPJpRSsME9wWLGcHGSj7uspsgd0+9YNytVN2aOwVaJF5BqlCg0a18BT1JsoQKQzjW2vfc1IQ5VoYRTsflINM0xWSI+9S3VOCE6jCfnjxGx1bpoVgqW8Kgqfp7IseJ1qMksp0JNgM9703E/zw/M/F1mDORZoYKMlsUZxwZiSb/ox5TlBg+sgQTxeytiAywwsTYlMo2BG/+5UXSOqt5l7WLh/Nq/baIowSHcAQn4MEV1OEeGtAEAhKe4RXeHOO8OO/Ox6x1ySlmDuAPnM8fOvWQlQ==</latexit>

ai = {0, 1}

<latexit sha1_base64="LdbxdGJAhp38efwPzveJQjBhg4c=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGLCV4QL2VvmYMPe3mV3z4QQ/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLEsG1cd1vJ7exubW9k98t7O0fHB4Vj09aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzf32EyrNY9kwkwT9iA4lDzmjxkqP5V5jhIb2vXK/WHIr7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxcUzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwxp9ymaQGJVsuClNBTEzm75MBV8iMmFhCmeL2VsJGVFFmbEgFG4K3+vI6aVUr3lXFe6iWardZHHk4g3O4BA+uoQb3UIcmMJDwDK/w5mjnxXl3PpatOSebOYU/cD5/AFi6kAw=</latexit>

⇥
1

<latexit sha1_base64="z7D8yIEA4vshhhPli5iUrCSeqGA=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGLCV4QL2VsW2LC3d9mdMyEX/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLYikMuu63k9vY3Nreye8W9vYPDo+KxyctEyWa8SaLZKQ7ATVcCsWbKFDyTqw5DQPJ28Hkbu63n7g2IlINnMbcD+lIiaFgFK30WO41xhxpv1ruF0tuxV2ArBMvIyXIUO8Xv3qDiCUhV8gkNabruTH6KdUomOSzQi8xPKZsQke8a6miITd+urh4Ri6sMiDDSNtSSBbq74mUhsZMw8B2hhTHZtWbi/953QSHN34qVJwgV2y5aJhIghGZv08GQnOGcmoJZVrYWwkbU00Z2pAKNgRv9eV10qpWvKuK91At1W6zOPJwBudwCR5cQw3uoQ5NYKDgGV7hzTHOi/PufCxbc042cwp/4Hz+AFo/kA0=</latexit>

⇥
2

<latexit sha1_base64="+Ohb8b9J6cnNi8b5c9MMRv4tz9I=">AAAB83icbVA9SwNBEJ3zM8avqKXNYiLYGO5SqGXQxjKC+YDkCHubvWTJ3u2xOyeEI3/DxkIRW/+Mnf/GTXKFJj4YeLw3w8y8IJHCoOt+O2vrG5tb24Wd4u7e/sFh6ei4ZVSqGW8yJZXuBNRwKWLeRIGSdxLNaRRI3g7GdzO//cS1ESp+xEnC/YgOYxEKRtFKvYqoXOKIaBUo7JfKbtWdg6wSLydlyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+85ScW2VAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzAIgA6E5QzmxhDIt7K2EjaimDG1MRRuCt/zyKmnVqt5V1Xuoleu3eRwFOIUzuAAPrqEO99CAJjBI4Ble4c1JnRfn3flYtK45+cwJ/IHz+QPrKpD2</latexit>

i-th
rob

ot
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1. Project / Issue and Goals – Imagine the task of moving a heavy object of unknown weight
from one side to the other of a large room. Suppose there are only humans in the room. In that
case, it is very likely that upon seeing one or more humans struggling to move the object, more
humans will join the effort and help each other out until they can finally lift and carry the object –
most of us have experienced or witnessed this exact situation in one way or another. Now imagine
the following hypothetical situation: a group of robots and humans are in the same room together,
and a few robots are trying to move the same heavy object. Will the human join the effort and help
the robots, or will it wait for other robots to join it and see what happens next? Are heterogeneous
teams of humans and robots truly efficient, or does such heterogeneity turn the system brittle,
leading to more unaccomplished tasks than not?

TASK

Join
Join

Join Join

Join

Join

Figure 1: Hybrid team of humans and robots
collaborating to perform a task of unknown

difficulty. The agents must decide to join the
team or not. Thus, certain tasks may fail to be

completed, leading to inefficiency.

With the recent advances in artificial intelligence and
robotics, it is clear that the future of the workplace will require
the collaboration between humans and machines [1]. Our
central hypothesis is that the heterogeneity in a team of ma-
chines with unbounded rationality and humans with bounded
rationality might severely affect coordination efficiency. How-
ever, the shortcoming in efficiency can be mitigated through
judicious design of the teaming/network structure. Such de-
sign principles might benefit future workspace environments
in smart manufacturing (Industry 4.0) [2], modeling the in-
teraction of connected and autonomous vehicles [3] and the
coordination of components in a synthetic biological comput-
ing networks [4, 5, 6]. However, a significant knowledge gap
exists in the literature regarding how humans and machines
strategically coordinate. Therefore, our main goal is to estab-
lish a precise and quantifiable notion of strategic coordination
between humans and machines and to characterize what is
achievable in such scenarios.

Coordination is the key element that enables multiple decision-makers to help each other and
collaborate on a task [7]. The design of algorithms for achieving coordination in distributed sys-
tems in engineering traditionally revolve around the notion of consensus, where the agents ex-
change messages such as to align their decision variables, eventually asymptotically agreeing on
a common action [8]. Such models are extremely popular in robotic applications and the internet of
things, but fail to capture truly autonomous behavior. Alternatively, we propose herein a new model
based on strategic coordination [9], where the agents make self-interested decisions. Such mod-
els have their origins in micro-economics, and use the mathematical framework of game theory to
model collective behaviors that emerge in scenarios such as bank-runs, technology-adoption, and
political revolutions.

The goal of this project is to characterize the limits of strategic coordination in
task-oriented hybrid teams consisting of humans and robots, and design learn-
ing methods to achieve the best possible coordination efficiency and system
performance.

1

in our previous work fail to hold in the event of having a hybrid team. Therefore, we need to
develop new tools to study coordination in a hybrid team of humans and robots. We will leverage
our experience with homogeneous teams to inform our next steps in establishing the fundamental
limits of coordination in a hybrid team.

The diagram below summarizes Modules 1–3.
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(c) E�ciency Metric

Figure 2: (a) In the teaming stage, the agents self-select their neighbors to form a graph. (b) Once the team is formed, the agents use
a learning procedure to choose an optimal (Nash Equilibrium) joint strategy. (c) The performance of the learned strategy is evaluated
using a coordination efficiency metric. Information Theoretic bounds establish the absolute limits of coordination.

3. Career Path and Broader Impacts – The PI has been an Assistant Professor at the FAMU-
FSU College of Engineering with a primary appointment at Florida State University since 2023,
and where he is now directing the MINDS lab1. From 2020 to 2022, the PI was with Virginia
Polytechnic Institute and State University (Virginia Tech – VT) as a Research Assistant Professor.
From 2016 to 2020, the PI was a Postdoctoral Research Associate at the University of Southern
California (USC). During his time at USC, the PI worked on multi-disciplinary research projects in
engineering, economics and biology, mentored junior PhD students, contributed ideas to several
proposals, some of which were successfully funded. He also gave invited talks at several univer-
sities across the US, and participated on NSF and ONR PI meetings in Washington DC, where he
had the opportunity to interact with several program managers.

Our mentoring philosophy centers on empowering students to gain confidence in their ideas
and nurturing their creativity. At the MINDS lab, we embrace the motto that there is no limit
to what the human mind can accomplish and that the world of ideas offers an infinite number
of low-hanging fruits. Currently, our lab supports a diverse group of researchers, including five
undergraduate students through the UROP program, two PhD students, and one postdoc. We
are committed to fostering an environment that values gender, racial, and socioeconomic diversity
in the development of original and groundbreaking research ideas. We believe that a diverse
team, representing a wide spectrum of backgrounds and perspectives, leads to more innovative
and impactful outcomes in our work, thereby contributing to the broadening of participation of
underrepresented groups in the scientific community and society as a whole.

4. Anticipated External Funding – The project outlined herein is a subset of ideas for larger
projects that will be submitted for funding to the Airforce Office of Scientific Research (AFOSR)
– Complex Networks Program, managed by Dr. Donald K. Wagner. This program is focuses on
developing fundamental mathematical and algorithmic techniques to design, analyze, utilize, and
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The goal of this project is to characterize the limits of strategic coordination in task-oriented hybrid teams 
consisting of humans and robots, and design learning methods to achieve the best possible coordination 

efficiency and system performance.  

In a (not too) distant futureToday

in our previous work fail to hold in the event of having a hybrid team. Therefore, we need to
develop new tools to study coordination in a hybrid team of humans and robots. We will leverage
our experience with homogeneous teams to inform our next steps in establishing the fundamental
limits of coordination in a hybrid team.

The diagram below summarizes Modules 1–3.
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Modeling Teaming Learning

Connectivity can compensate for irrational behavior

Our group has discovered a new fundamental principle:
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(b)

Agents need to be  
more rational

Results from the FYAP: 

A. Published two conference papers 
B. One journal paper in preparation 
C. NSF CAREER proposal (submitted) 
D. Collaboration with the Psychology 

Department at FSU

Can robots and humans coordinate to work together?

Simulations and Data:

Next Steps: Testbed

What does that mean?
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