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1 Sensorimotor Synchronization Models

This section follows the notation introduced in Section 3 (in particular Figure 3 in the
paper), but we drop the superscript p of performed onsets to unclutter notation. In order
to make this document more readable on its own, we include Figure 3 in the paper here
(Figure 1). In the following description of the tempo models, we denote the observed
performed onset time of the n-th onset in the score as on and the onset time predicted
by the synchronization models as ôn. The asynchrony between these onsets is denoted

as An = ôn − on and the observed beat period is given as τn = δ
perf
n
δscoren

, with τ0 being the
initial tempo set by the performer as a hyper parameter.

1.1 Reactive Sync Model (R)

The next accompaniment onset is ”estimated” at the same time as the last observed
performed onset, making this model purely reactive.

ôn+1 = on + bnδ
score
n (1)

bn+1 = τn (2)

1.2 Moving Average Sync Model (MA)

This model is very similar to the first baseline, except for its estimation of the global
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<latexit sha1_base64="bggES1AMutfgr1XxI42NzlFdl8Q=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAbBU5gRt2PQi8cIZoFkDD2dStKkZ3rorhHjMPgrXjwo4tX/8Obf2FkOmvig4PFeFVX1glhwja77beUWFpeWV/KrhbX1jc0te3unpmWiGFSZFFI1AqpB8AiqyFFAI1ZAw0BAPRhcjfz6PSjNZXSLwxj8kPYi3uWMopHa9p68S1sID4iYaiYVZFnbbdtFt+SO4cwTb0qKZIpK2/5qdSRLQoiQCap103Nj9FOqkDMBWaGVaIgpG9AeNA2NaAjaT8fXZ86hUTpOVypTETpj9fdESkOth2FgOkOKfT3rjcT/vGaC3Qs/5VGcIERssqibCAelM4rC6XAFDMXQEMoUN7c6rE8VZWgCK5gQvNmX50ntuOSdlU5vTorly2kcebJPDsgR8cg5KZNrUiFVwsgjeSav5M16sl6sd+tj0pqzpjO75A+szx+IWZXu</latexit>

oscore0

<latexit sha1_base64="sOcgxYgGR/8uSHI+cDYYSXBP350=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAbBU5gRt2PQi8cIZoFkDD2dStKkZ3rorhHjMPgrXjwo4tX/8Obf2FkOmvig4PFeFVX1glhwja77beUWFpeWV/KrhbX1jc0te3unpmWiGFSZFFI1AqpB8AiqyFFAI1ZAw0BAPRhcjfz6PSjNZXSLwxj8kPYi3uWMopHa9p68S1sID4iYaiYVZFnba9tFt+SO4cwTb0qKZIpK2/5qdSRLQoiQCap103Nj9FOqkDMBWaGVaIgpG9AeNA2NaAjaT8fXZ86hUTpOVypTETpj9fdESkOth2FgOkOKfT3rjcT/vGaC3Qs/5VGcIERssqibCAelM4rC6XAFDMXQEMoUN7c6rE8VZWgCK5gQvNmX50ntuOSdlU5vTorly2kcebJPDsgR8cg5KZNrUiFVwsgjeSav5M16sl6sd+tj0pqzpjO75A+szx+J3ZXv</latexit>

oscore1

<latexit sha1_base64="h+JVmZDH+mSNP5m3QGiwuPh0bIg=">AAAB/XicbVDJSgNBEO1xjXEbl5uXwSB4CjPB7Rj04jGCWSAZQ0+nkjTpmR66a8Q4DP6KFw+KePU/vPk3dpaDJj4oeLxXRVW9IBZco+t+WwuLS8srq7m1/PrG5ta2vbNb0zJRDKpMCqkaAdUgeARV5CigESugYSCgHgyuRn79HpTmMrrFYQx+SHsR73JG0Uhte1/epS2EB0RMNZMKsqxdatsFt+iO4cwTb0oKZIpK2/5qdSRLQoiQCap103Nj9FOqkDMBWb6VaIgpG9AeNA2NaAjaT8fXZ86RUTpOVypTETpj9fdESkOth2FgOkOKfT3rjcT/vGaC3Qs/5VGcIERssqibCAelM4rC6XAFDMXQEMoUN7c6rE8VZWgCy5sQvNmX50mtVPTOiqc3J4Xy5TSOHDkgh+SYeOSclMk1qZAqYeSRPJNX8mY9WS/Wu/UxaV2wpjN75A+szx+LYZXw</latexit>

oscore2

<latexit sha1_base64="YIArrBHeWjXVb/YUr9vVZuFyfn0=">AAACAXicbVDJSgNBEO2JW4zbqBfBy2AQPIUZicsx4MVjBLNAEkNPpyZp0tMzdNeIYRgv/ooXD4p49S+8+Td2loMmPih4vFdFVT0/Flyj635buaXlldW1/HphY3Nre8fe3avrKFEMaiwSkWr6VIPgEmrIUUAzVkBDX0DDH16N/cY9KM0jeYujGDoh7UsecEbRSF37oN0DgfQubSM8IGIagwqyrOt27aJbcidwFok3I0UyQ7Vrf7V7EUtCkMgE1brluTF2UqqQMwFZoZ1oiCkb0j60DJU0BN1JJx9kzrFRek4QKVMSnYn6eyKlodaj0DedIcWBnvfG4n9eK8HgspNyGScIkk0XBYlwMHLGcTg9roChGBlCmeLmVocNqKIMTWgFE4I3//IiqZ+WvPPS2U25WCnP4siTQ3JETohHLkiFXJMqqRFGHskzeSVv1pP1Yr1bH9PWnDWb2Sd/YH3+AIwUl5A=</latexit>

�perf0

<latexit sha1_base64="bwv+VwZdmxwuGcrau1GLhWF7uts=">AAACAnicbVDJSgNBEO2JW4zbqCfxMhgET2FG4nIMePEYwSyQjENPTyVp0rPQXSOGYfDir3jxoIhXv8Kbf2NnOWjig4LHe1VU1fMTwRXa9rdRWFpeWV0rrpc2Nre2d8zdvaaKU8mgwWIRy7ZPFQgeQQM5CmgnEmjoC2j5w6ux37oHqXgc3eIoATek/Yj3OKOoJc886AYgkN5lXYQHRMwUiyXkuWd7Ztmu2BNYi8SZkTKZoe6ZX90gZmkIETJBleo4doJuRiVyJiAvdVMFCWVD2oeOphENQbnZ5IXcOtZKYPViqStCa6L+nshoqNQo9HVnSHGg5r2x+J/XSbF36WY8SlKEiE0X9VJhYWyN87ACLoGhGGlCmeT6VosNqKQMdWolHYIz//IiaZ5WnPPK2U21XKvO4iiSQ3JETohDLkiNXJM6aRBGHskzeSVvxpPxYrwbH9PWgjGb2Sd/YHz+AGPImAk=</latexit>

�score0

<latexit sha1_base64="DKQxCxuK5Jutsq8yNNFwxZ01WE4=">AAACAnicbVDJSgNBEO2JW4zbqCfxMhgET2FG4nIMePEYwSyQjENPTyVp0rPQXSOGYfDir3jxoIhXv8Kbf2NnOWjig4LHe1VU1fMTwRXa9rdRWFpeWV0rrpc2Nre2d8zdvaaKU8mgwWIRy7ZPFQgeQQM5CmgnEmjoC2j5w6ux37oHqXgc3eIoATek/Yj3OKOoJc886AYgkN5lXYQHRMwUiyXkued4Ztmu2BNYi8SZkTKZoe6ZX90gZmkIETJBleo4doJuRiVyJiAvdVMFCWVD2oeOphENQbnZ5IXcOtZKYPViqStCa6L+nshoqNQo9HVnSHGg5r2x+J/XSbF36WY8SlKEiE0X9VJhYWyN87ACLoGhGGlCmeT6VosNqKQMdWolHYIz//IiaZ5WnPPK2U21XKvO4iiSQ3JETohDLkiNXJM6aRBGHskzeSVvxpPxYrwbH9PWgjGb2Sd/YHz+AGVMmAo=</latexit>

�score1

Score time (beats)

<latexit sha1_base64="GhcWrRTfGKO7LrxhO68V9jPtHLc=">AAACAXicbVDJSgNBEO2JW4xb1IvgZTAInsKMxOUY8OIxglkgMw49PTVJk56F7hoxDPHir3jxoIhX/8Kbf2NnOWjig4LHe1VU1fNTwRVa1rdRWFpeWV0rrpc2Nre2d8q7ey2VZJJBkyUikR2fKhA8hiZyFNBJJdDIF9D2B1djv30PUvEkvsVhCm5EezEPOaOoJa984AQgkN7lDsIDIuYpyHA08myvXLGq1gTmIrFnpEJmaHjlLydIWBZBjExQpbq2laKbU4mcCRiVnExBStmA9qCraUwjUG4++WBkHmslMMNE6orRnKi/J3IaKTWMfN0ZUeyreW8s/ud1Mwwv3ZzHaYYQs+miMBMmJuY4DjPgEhiKoSaUSa5vNVmfSspQh1bSIdjzLy+S1mnVPq+e3dQq9dosjiI5JEfkhNjkgtTJNWmQJmHkkTyTV/JmPBkvxrvxMW0tGLOZffIHxucPjZiXkQ==</latexit>

�perf1

<latexit sha1_base64="EZzLh8bj2eU3gR9jfMzrver/1as=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxiIo8EVjI7DDBhdnYz00tCNnyEFw8a49Xv8ebfOMAeFKykk0pVd7q7glgKg6777eQ2Nre2d/K7hb39g8Oj4vFJ00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpv7rQnXRkTqEacx90M6VGIgGEUrtSZPqepVZr1iyS27C5B14mWkBBnqveJXtx+xJOQKmaTGdDw3Rj+lGgWTfFboJobHlI3pkHcsVTTkxk8X587IhVX6ZBBpWwrJQv09kdLQmGkY2M6Q4sisenPxP6+T4ODWT4WKE+SKLRcNEkkwIvPfSV9ozlBOLaFMC3srYSOqKUObUMGG4K2+vE6albJ3Xb56qJZq1SyOPJzBOVyCBzdQg3uoQwMYjOEZXuHNiZ0X5935WLbmnGzmFP7A+fwBUZCPhw==</latexit>

vn2

<latexit sha1_base64="d3Qe1zxVkWb+Ov/zzvEA80Tr3tk=">AAACAHicbVDLTsJAFL3FF+ILdemmkZi4Iq3Bx5LEjUtMBEygkukwhQnTaTNzS0IaNv6BW/0Bd8atf+LeD3EKXQh4kklOzrk398zxY8E1Os63VVhb39jcKm6Xdnb39g/Kh0ctHSWKsiaNRKQefaKZ4JI1kaNgj7FiJPQFa/uj28xvj5nSPJIPOImZF5KB5AGnBI3UHj+lsudOe+WKU3VmsFeJm5MK5Gj0yj/dfkSTkEmkgmjdcZ0YvZQo5FSwaambaBYTOiID1jFUkpBpL53FndpnRunbQaTMk2jP1L8bKQm1noS+mQwJDvWyl4n/eZ0Egxsv5TJOkEk6PxQkwsbIzv5u97liFMXEEEIVN1ltOiSKUDQNLVxBbgJntbjLJayS1kXVvape3tcq9VpeUBFO4BTOwYVrqMMdNKAJFEbwAq/wZj1b79aH9TkfLVj5zjEswPr6BVXFl4E=</latexit>

vn1

<latexit sha1_base64="x96jsOYqiiuucE5V4HTavvw6NbI=">AAACAHicbVDLTsJAFL3FF+ILdemmkZi4Iq3iY0nixiUm8kigkukwwITptJm5JSENG//Arf6AO+PWP3HvhziFLgQ8ySQn59ybe+b4keAaHefbyq2tb2xu5bcLO7t7+wfFw6OGDmNFWZ2GIlQtn2gmuGR15ChYK1KMBL5gTX90l/rNMVOah/IRJxHzAjKQvM8pQSM1x0+J7F5Ou8WSU3ZmsFeJm5ESZKh1iz+dXkjjgEmkgmjddp0IvYQo5FSwaaETaxYROiID1jZUkoBpL5nFndpnRunZ/VCZJ9GeqX83EhJoPQl8MxkQHOplLxX/89ox9m+9hMsoRibp/FA/FjaGdvp3u8cVoygmhhCquMlq0yFRhKJpaOEKchM4rcVdLmGVNC7K7nX56qFSqlaygvJwAqdwDi7cQBXuoQZ1oDCCF3iFN+vZerc+rM/5aM7Kdo5hAdbXL1jzl4M=</latexit>

vn3

<latexit sha1_base64="UzpYcUMDZ8CJcAA1DPnpfl9O3Gc=">AAACAHicbVDLTsJAFL3FF+ILdemmkZi4Iq3Bx5LEjUtMBEygkukwhQnTaTNzS0IaNv6BW/0Bd8atf+LeD3EKXQh4kklOzrk398zxY8E1Os63VVhb39jcKm6Xdnb39g/Kh0ctHSWKsiaNRKQefaKZ4JI1kaNgj7FiJPQFa/uj28xvj5nSPJIPOImZF5KB5AGnBI3UHj+lsleb9soVp+rMYK8SNycVyNHolX+6/YgmIZNIBdG64zoxeilRyKlg01I30SwmdEQGrGOoJCHTXjqLO7XPjNK3g0iZJ9GeqX83UhJqPQl9MxkSHOplLxP/8zoJBjdeymWcIJN0fihIhI2Rnf3d7nPFKIqJIYQqbrLadEgUoWgaWriC3ATOanGXS1glrYuqe1W9vK9V6rW8oCKcwCmcgwvXUIc7aEATKIzgBV7hzXq23q0P63M+WrDynWNYgPX1C1qKl4Q=</latexit>

vn4

<latexit sha1_base64="fEB5VlDfwM/Ky0eYksdFo0d5XPE=">AAACAHicbVDLTsJAFL3FF+ILdemmkZi4Iq3Bx5LEjUtMBEygkukwhQnTaTNzS0IaNv6BW/0Bd8atf+LeD3EKXQh4kklOzrk398zxY8E1Os63VVhb39jcKm6Xdnb39g/Kh0ctHSWKsiaNRKQefaKZ4JI1kaNgj7FiJPQFa/uj28xvj5nSPJIPOImZF5KB5AGnBI3UHj+lsudMe+WKU3VmsFeJm5MK5Gj0yj/dfkSTkEmkgmjdcZ0YvZQo5FSwaambaBYTOiID1jFUkpBpL53FndpnRunbQaTMk2jP1L8bKQm1noS+mQwJDvWyl4n/eZ0Egxsv5TJOkEk6PxQkwsbIzv5u97liFMXEEEIVN1ltOiSKUDQNLVxBbgJntbjLJayS1kXVvape3tcq9VpeUBFO4BTOwYVrqMMdNKAJFEbwAq/wZj1b79aH9TkfLVj5zjEswPr6BVQul4A=</latexit>

vn0

<latexit sha1_base64="iBhdHLKyXIQkjYA6HwK875ychHA=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKpj2XBjcsK9gFtLJPJtB07mYSZG6GELvwDt/oD7sStn+LeD3HSZmGrBwYO59zLPXP8WHCNjvNlFVZW19Y3ipulre2d3b3y/kFLR4mirEkjEamOTzQTXLImchSsEytGQl+wtj++zvz2I1OaR/IOJzHzQjKUfMApQSO1gvtUOtN+ueJUnRnsv8TNSQVyNPrl714Q0SRkEqkgWnddJ0YvJQo5FWxa6iWaxYSOyZB1DZUkZNpLZ2mn9olRAnsQKfMk2jP190ZKQq0noW8mQ4Ijvexl4n9eN8HBlZdyGSfIJJ0fGiTCxsjOvm4HXDGKYmIIoYqbrDYdEUUomoIWriA3gbNa3OUS/pLWWdW9qJ7f1ir1Wl5QEY7gGE7BhUuoww00oAkUHuAZXuDVerLerHfrYz5asPKdQ1iA9fkDeRSXBQ==</latexit>

dn0

<latexit sha1_base64="LvqAFr1Wjjlof00NEBIwSNlf45w=">AAACAnicbVDLTgIxFL2DL3yjLt00EhNXZIbgY0nixiUm8jAwkk4p0NB2Jm3HSCbs/AO3+gPujFt/xL0fYgdmIeBJmpycc2/u6QkizrRx3W8nt7K6tr6R39za3tnd2y8cHDZ0GCtC6yTkoWoFWFPOJK0bZjhtRYpiEXDaDEbXqd98pEqzUN6ZcUR9gQeS9RnBxkr3nSf2kMhuedItFN2SOwVaJl5GipCh1i38dHohiQWVhnCsddtzI+MnWBlGOJ1sdWJNI0xGeEDblkosqPaTaeAJOrVKD/VDZZ80aKr+3Uiw0HosAjspsBnqRS8V//Paself+QmTUWyoJLND/ZgjE6L096jHFCWGjy3BRDGbFZEhVpgY29HcFcNs4LQWb7GEZdIol7yL0vltpVitZAXl4RhO4Aw8uIQq3EAN6kBAwAu8wpvz7Lw7H87nbDTnZDtHMAfn6xfi5Zhd</latexit>

⇠n2

<latexit sha1_base64="sbb8BRMBiQ9JubofhHCMeb/0Kmc=">AAACAnicbVDLTgIxFO3gC/GFunTTSExckRmDjyWJG5eYyMPASDqlQEPbmbR3jGTCzj9wqz/gzrj1R9z7IXZgFgKepMnJOffmnp4gEtyA6347uZXVtfWN/GZha3tnd6+4f9AwYawpq9NQhLoVEMMEV6wOHARrRZoRGQjWDEbXqd98ZNrwUN3BOGK+JAPF+5wSsNJ954k/JKrrTbrFklt2p8DLxMtICWWodYs/nV5IY8kUUEGMaXtuBH5CNHAq2KTQiQ2LCB2RAWtbqohkxk+mgSf4xCo93A+1fQrwVP27kRBpzFgGdlISGJpFLxX/89ox9K/8hKsoBqbo7FA/FhhCnP4e97hmFMTYEkI1t1kxHRJNKNiO5q4At4HTWrzFEpZJ46zsXZTPbyulaiUrKI+O0DE6RR66RFV0g2qojiiS6AW9ojfn2Xl3PpzP2WjOyXYO0Rycr1/hTphc</latexit>

⇠n1

<latexit sha1_base64="pBsFG1mR2/5N8jOdNl8zH8lISZM=">AAACAnicbVDLTgIxFL3jE/GFunTTSExckRnFx5LEjUtM5GFgJJ3SgYa2M2k7RjJh5x+41R9wZ9z6I+79EDvAQsCTNDk5597c0xPEnGnjut/O0vLK6tp6biO/ubW9s1vY26/rKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQyuM7/xSJVmkbwzw5j6AvckCxnBxkr37Sf2kMrO2ahTKLoldwy0SLwpKcIU1U7hp92NSCKoNIRjrVueGxs/xcowwuko3040jTEZ4B5tWSqxoNpPx4FH6NgqXRRGyj5p0Fj9u5FiofVQBHZSYNPX814m/ue1EhNe+SmTcWKoJJNDYcKRiVD2e9RlihLDh5ZgopjNikgfK0yM7WjmimE2cFaLN1/CIqmflryL0vltuVgpTwvKwSEcwQl4cAkVuIEq1ICAgBd4hTfn2Xl3PpzPyeiSM905gBk4X7/kfJhe</latexit>

⇠n3

<latexit sha1_base64="tnDKgxKbvfiXNxh5ryT4Yw2QOxM=">AAAB/HicbVDJSgNBEO2JW4xbNEcvg0HwFGZCXI4BLx4jmAWScejp1CRNeha6a8RhGH/FiwdFvPoh3vwbO8tBEx8UPN6roqqeFwuu0LK+jcLa+sbmVnG7tLO7t39QPjzqqCiRDNosEpHseVSB4CG0kaOAXiyBBp6Arje5nvrdB5CKR+EdpjE4AR2F3OeMopbcciW6zwYIj4iYxSD9PHfrbrlq1awZzFViL0iVLNByy1+DYcSSAEJkgirVt60YnYxK5ExAXhokCmLKJnQEfU1DGoBystnxuXmqlaHpR1JXiOZM/T2R0UCpNPB0Z0BxrJa9qfif10/Qv3IyHsYJQsjmi/xEmBiZ0yTMIZfAUKSaUCa5vtVkYyopQ51XSYdgL7+8Sjr1mn1RO79tVJuNRRxFckxOyBmxySVpkhvSIm3CSEqeySt5M56MF+Pd+Ji3FozFTIX8gfH5A7F4lWk=</latexit>

operf2

<latexit sha1_base64="RT1K8sGMtD5MBNQNvlYny2Sh+nQ=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy4cVnBPqCNYTK9aYdOHszciCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r3HTwRXaNvfRmlldW19o7xZ2dre2d0z9w/aKk4lgxaLRSy7PlUgeAQt5Cigm0igoS+g44+vp37nAaTicXSHWQJuSIcRDzijqCXPrMb3eR/hERHzBGQwmXiOZ9bsuj2DtUycgtRIgaZnfvUHMUtDiJAJqlTPsRN0cyqRMwGTSj9VkFA2pkPoaRrREJSbz46fWMdaGVhBLHVFaM3U3xM5DZXKQl93hhRHatGbiv95vRSDKzfnUZIiRGy+KEiFhbE1TcIacAkMRaYJZZLrWy02opIy1HlVdAjO4svLpH1ady7q57dntcZZEUeZHJIjckIcckka5IY0SYswkpFn8krejCfjxXg3PuatJaOYqZI/MD5/AK/0lWg=</latexit>

operf1

<latexit sha1_base64="Cg/SCGQMsfHpqJKVrg9Qyr1Gh/0=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy4cVnBPqCNYTK9aYdOHszciCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r3HTwRXaNvfRmlldW19o7xZ2dre2d0z9w/aKk4lgxaLRSy7PlUgeAQt5Cigm0igoS+g44+vp37nAaTicXSHWQJuSIcRDzijqCXPrMb3eR/hERHzBGQwmXi2Z9bsuj2DtUycgtRIgaZnfvUHMUtDiJAJqlTPsRN0cyqRMwGTSj9VkFA2pkPoaRrREJSbz46fWMdaGVhBLHVFaM3U3xM5DZXKQl93hhRHatGbiv95vRSDKzfnUZIiRGy+KEiFhbE1TcIacAkMRaYJZZLrWy02opIy1HlVdAjO4svLpH1ady7q57dntcZZEUeZHJIjckIcckka5IY0SYswkpFn8krejCfjxXg3PuatJaOYqZI/MD5/AK5wlWc=</latexit>

operf0

<latexit sha1_base64="beqw9R4B9nd71nJs+MRYygfZVZg=">AAACDXicbVDLSsNAFJ3UV62vWJduBovgqiTia1lw47KCfUAbw2Q6aYdOHszcSEvIN/gHbvUH3Ilbv8G9H+KkzcK2HrhwOOde7uF4seAKLOvbKK2tb2xulbcrO7t7+wfmYbWtokRS1qKRiGTXI4oJHrIWcBCsG0tGAk+wjje+zf3OE5OKR+EDTGPmBGQYcp9TAlpyzWr0mPaBTQAgjbPMTa3MNWtW3ZoBrxK7IDVUoOmaP/1BRJOAhUAFUapnWzE4KZHAqWBZpZ8oFhM6JkPW0zQkAVNOOsue4VOtDLAfST0h4Jn69yIlgVLTwNObAYGRWvZy8T+vl4B/46Q8jBNgIZ0/8hOBIcJ5EXjAJaMgppoQKrnOiumISEJB17XwBbgOnNdiL5ewStrndfuqfnl/UWtcFAWV0TE6QWfIRteoge5QE7UQRRP0gl7Rm/FsvBsfxud8tWQUN0doAcbXL3rnnRM=</latexit>
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Figure 1: Excerpt of a MIDI performance (as a piano roll where the x-axis describes
performance time in seconds and the y-axis is the MIDI velocity of the note) and its
corresponding score, showcasing the elements for encoding/decoding an expressive per-
formance. This figure is identical to Figure 3 in the paper.

tempo, which uses a weighted average of the last and current tempo estimate.

ôn+1 = on + bnδ
score
n (3)

bn+1 = ηMAbn + (1 − ηMA)τn (4)

where ηMA is a constant parameter.

1.3 Linear SMS Model (L)

Onset and beat period estimates on+1 and bn+1 are computed as follows:

ôn+1 = ôn + bnδ
score
n − ηoAn (5)

bn+1 =

{
bn − ηbAn, if An < 0,

bn − 2ηbAn, else
(6)

where ηo and ηb are the learning rates for the onset and beat period, respectively.

1.4 Linear Tempo Expectation Model (LTE)

This model is similar to the previous one, but includes an anticipation (expectation)
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term in the computation of the beat period:

ôn+1 = ôn + bnδ
score
n − ηoAn (7)

bn+1 = φ(oscoren+1 ) − ηbAn, (8)

where φ(oscoren ) is a function that computes an estimate of the beat period at score
onset time oscoren based on the tempo of the reference performance(s) and ηo and ηb

are constant parameters that represent the learning rates for the onset and beat period,
respectively.

1.5 Joint Adaptation Anticipation Model (JADAM)

This model includes both an error-correction term (the adaptation part) and a moving
average estimate of the observed beat period (the anticipation part).

1. Adaptation Module

ôadn+1 = ôn + bnδ
score
n − ηoJAn (9)

bn+1 = bn − ηbJAn (10)

2. Anticipation Module

τ̂n = ηbJ(2τn − τn−1) + (1 − ηbJ)τn (11)

ôann+1 = on + τ̂nδ
score
n (12)

3. Joint Module

Ân = ôadn+1 − ôann+1 (13)

ôn+1 = ôann+1 − ηaJÂn (14)

Parameters ηoJ and ηaJ and ηbJ are learning rates for the prediction of the onset of the adap-
tation and joint modules and the learning rate for the beat period, respectively.
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1.6 Kalman Tempo Model (KT)

The observed variable of the Kalman filter is the performed onset time, and the beat
period is the latent variable. The updates are computed as follows:

b̂n = αKbn (15)

vn = γ2Kv̂n + βK (16)

Ân = δperfn − b̂nδ
score
n (17)

κn =
vnδ

score
n

vnδscore
2

n + λK
(18)

bn+1 = b̂n + κnÂn (19)

v̂n+1 = (1 − κnδ
score
n )vn (20)

ôn+1 = ôn + bn+1δ
score
n (21)

where αK, βK, γK and λK are the parameters of the model.
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