
. . .. . . . . .. . .

…
<latexit sha1_base64="dCJvLL9xgCFUSdSbixFP2W7f1B0=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nbHOwlZKm6RaWJiVJZaP0q3jxoIhXv4g3v43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQgQIowyklPU83IIJEExQEjj8H0rvAfn4hUVPCunifEi9GY04hipI3k2/VRIFio5rG5slnuZ93ctxtO01kArhO3JA1QouPbX6NQ4DQmXGOGlBq6TqK9DElNMSN5bZQqkiA8RWMyNJSjmCgvW2TP4blRQhgJaQ7XcKH+3shQrIp4ZjJGeqJWvUL8zxumOrrxMsqTVBOOlw9FKYNawKIIGFJJsGZzQxCW1GSFeIIkwtrUVTMluKtfXif9y6bbarYerhrt27KOKjgFZ+ACuOAatME96IAewGAGnsEreLNy68V6tz6WoxWr3DkBf2B9/gAEz5UY</latexit>xT

<latexit sha1_base64="2cRVoKhmQLa4pLLVXE7iIwITQx0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ7gO2UtI03cLSpCSpbJT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+s9JVKJSRcLJuQgQIowyklXU83IIJEExQEj/WB6V/j9JyIVFfxRzxPixWjMaUQx0kby7fooECxU89hc2Sz3Mzf37YbTdBaA68QtSQOU6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheG6WKJAhP0ZgMDeUoJsrLFtlzeG6UEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ11UwJ7uqX10nvsum2mq2Hq0b7tqyjCk7BGbgALrgGbXAPOqALMJiBZ/AK3qzcerHerY/laMUqd07AH1ifP8+RlPU=</latexit>x1
<latexit sha1_base64="7P8nPi3PyKx97uWByEU34Q+3j/U=">AAAB+3icbVDNS8MwHE39nPOrzqOX4BA8jXbI9Dj04nGC+4CtlDRNt7A0KUkqG6X/ihcPinj1H/Hmf2O69aCbD0Ie7/1+5OUFCaNKO863tbG5tb2zW9mr7h8cHh3bJ7WeEqnEpIsFE3IQIEUY5aSrqWZkkEiC4oCRfjC9K/z+E5GKCv6o5wnxYjTmNKIYaSP5dm0UCBaqeWyubJb7WTP37brTcBaA68QtSR2U6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheHaWKJAhP0ZgMDeUoJsrLFtlzeGGUEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ1VU0J7uqX10mv2XBbjdbDVb19W9ZRAWfgHFwCF1yDNrgHHdAFGMzAM3gFb1ZuvVjv1sdydMMqd07BH1ifP9EWlPY=</latexit>x2

<latexit sha1_base64="HqUdj+3MOpcbPSQXpYe9vYBqZYc=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MZlhb6gjWEymbRDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8mBKpbPvbKK2srq1vlDcrW9s7u3vm/kFX8kQg3EGcctH3ocSUMNxRRFHcjwWGkU9xz5/c5H7vAQtJOGuraYzdCI4YCQmCSkueeTT0OQ3kNNJfOs7u05pzlnlpO/PMql23Z7CWiVOQKijQ8syvYcBREmGmEIVSDhw7Vm4KhSKI4qwyTCSOIZrAER5oymCEpZvOLsisU60EVsiFfkxZM/V3RwojmS+pKyOoxnLRy8X/vEGiwis3JSxOFGZoPihMqKW4lcdhBURgpOhUE4gE0btaaAwFREqHVtEhOIsnL5Pued1p1Bt3F9XmdRFHGRyDE1ADDrgETXALWqADEHgEz+AVvBlPxovxbnzMS0tG0XMI/sD4/AHGn5cc</latexit>

h(1)
T

<latexit sha1_base64="PY3CIEm+apdFpS5uDtHGdAw4OkE=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xP3cy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCRcJb5</latexit>

h(1)
1

<latexit sha1_base64="UoBHZoND1pvzJ/o4IIqofNwlqzc=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xPncy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCP65b4</latexit>

h(1)
0

 …
<latexit sha1_base64="JJQdvuEXmpAjNu67AZ8qabhemog=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRahbkoiUl0W3bhwUaEvaGOYTCbt0MlMmJkIJcSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceP6ZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I3kiEG4jTrno+VBiShhuK6Io7sUCw8inuOuPr3O/+4CFJJy11CTGbgSHjIQEQaUlzzwc+JwGchLpLx1l92n19jTz0lbmmRW7Zk9hLRKnIBVQoOmZX4OAoyTCTCEKpew7dqzcFApFEMVZeZBIHEM0hkPc15TBCEs3nV6QWSdaCayQC/2Ysqbq744URjJfUldGUI3kvJeL/3n9RIWXbkpYnCjM0GxQmFBLcSuPwwqIwEjRiSYQCaJ3tdAICoiUDq2sQ3DmT14knbOaU6/V784rjasijhI4AsegChxwARrgBjRBGyDwCJ7BK3gznowX4934mJUuGUXPAfgD4/MH8C2XNw==</latexit>

h(L)
T

<latexit sha1_base64="i21KhtOhDowok0JhFaWoJ2+55d0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXupknlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uv6XFA==</latexit>

h(L)
1

<latexit sha1_base64="Y1pJy9XEZaMPEcM50lcKkFJs+eg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXmpnnlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uXmXEw==</latexit>

h(L)
0

<latexit sha1_base64="lfyx37GwMTI5yy4AhRENw6H2KVg=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nuDnYSknTdAtLk5KkYin9Kl48KOLVL+LNb2O69aCbD0Ie7/1+5OUFCaNKO863VVtb39jcqm83dnb39g/sw+ZAiVRi0seCCTkMkCKMctLXVDMyTCRBccDIQzC7Kf2HRyIVFfxeZwnxYjThNKIYaSP5dnMcCBaqLDZXnhV+7ha+3XLazhxwlbgVaYEKPd/+GocCpzHhGjOk1Mh1Eu3lSGqKGSka41SRBOEZmpCRoRzFRHn5PHsBT40SwkhIc7iGc/X3Ro5iVcYzkzHSU7XsleJ/3ijV0ZWXU56kmnC8eChKGdQClkXAkEqCNcsMQVhSkxXiKZIIa1NXw5TgLn95lQzO226n3bm7aHWvqzrq4BicgDPggkvQBbegB/oAgyfwDF7Bm1VYL9a79bEYrVnVzhH4A+vzB9EalPY=</latexit>y1
<latexit sha1_base64="brcu/w3VCSIJlT2cg6SDEVktMag=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRDpsehF48T3AdspaRpuoWlSUlScZT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQwQIowyklPU83IMJEExQEjg2B2W/iDRyIVFfxBzxPixWjCaUQx0kby7fo4ECxU89hc2Tz3s1bu2w2n6SwA14lbkgYo0fXtr3EocBoTrjFDSo1cJ9FehqSmmJG8Nk4VSRCeoQkZGcpRTJSXLbLn8NwoIYyENIdruFB/b2QoVkU8MxkjPVWrXiH+541SHV17GeVJqgnHy4eilEEtYFEEDKkkWLO5IQhLarJCPEUSYW3qqpkS3NUvr5N+q+m2m+37y0bnpqyjCk7BGbgALrgCHXAHuqAHMHgCz+AVvFm59WK9Wx/L0YpV7pyAP7A+fwDSn5T3</latexit>y2

<latexit sha1_base64="715VC4oxj79kfPA4N9S54tpjIY8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMzuCn/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VzXM/6+a+3XCazgJwnbglaYASHd/+GocCpzHhGjOk1Mh1Eu1lSGqKGclr41SRBOEZmpCRoRzFRHnZInsOz40SwkhIc7iGC/X3RoZiVcQzkzHSU7XqFeJ/3ijV0Y2XUZ6kmnC8fChKGdQCFkXAkEqCNZsbgrCkJivEUyQR1qauminBXf3yOulfNt1Ws/Vw1WjflnVUwSk4AxfABdegDe5BB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnDwZYlRk=</latexit>yT

<latexit sha1_base64="crcHMbtduDBs3d072Gis5gXDXlc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOOyQl/QxjCZTNqhk0mYmQglxI2/4saFIm79C3f+jZM2C209MMzhnHu59x4vZlQqy/o2VlbX1jc2S1vl7Z3dvX3z4LAro0Rg0sERi0TfQ5IwyklHUcVIPxYEhR4jPW9yk/u9ByIkjXhbTWPihGjEaUAxUlpyzeOhFzFfTkP9pePMTdvZfVqtn2euWbFq1gxwmdgFqYACLdf8GvoRTkLCFWZIyoFtxcpJkVAUM5KVh4kkMcITNCIDTTkKiXTS2QUZPNOKD4NI6McVnKm/O1IUynxJXRkiNZaLXi7+5w0SFVw5KeVxogjH80FBwqCKYB4H9KkgWLGpJggLqneFeIwEwkqHVtYh2IsnL5NuvWY3ao27i0rzuoijBE7AKagCG1yCJrgFLdABGDyCZ/AK3own48V4Nz7mpStG0XME/sD4/AHKx5cd</latexit>

h(2)
T

<latexit sha1_base64="3ItOYtykSxK73+BarBFyYiXF8SM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMS53sPq01zjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+Uxpb6</latexit>

h(2)
1

<latexit sha1_base64="KYr+Xszhry3gRfZ36VXgJGP9kZ4=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+IQ5mW0Q6bHoRePE9wHbLWkabqFpUlJUmHUHvxXvHhQxKv/hjf/G9OtB918EPJ47/cjL8+PKZHKtr+N0srq2vpGebOytb2zu2fuH3QlTwTCHcQpF30fSkwJwx1FFMX9WGAY+RT3/Ml17vcesJCEszs1jbEbwREjIUFQackzj4Y+p4GcRvpKx5ln36e1xlnmmVW7bs9gLROnIFVQoO2ZX8OAoyTCTCEKpRw4dqzcFApFEMVZZZhIHEM0gSM80JTBCEs3neXPrFOtBFbIhT5MWTP190YKI5lH1JMRVGO56OXif94gUeGlmxIWJwozNH8oTKiluJWXYQVEYKToVBOIBNFZLTSGAiKlK6voEpzFLy+TbqPuNOvN2/Nq66qoowyOwQmoAQdcgBa4AW3QAQg8gmfwCt6MJ+PFeDc+5qMlo9g5BH9gfP4AvUeV7Q==</latexit>

h(2)
0

<latexit sha1_base64="bFNOYg1bEWO415KzCkJ9fRseVjY=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePsPq05Z5mXNjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+S9Zb6</latexit>

h(1)
2

<latexit sha1_base64="86HeB3Z+wCdL7YoKae6qN4MmAqU=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMSxvZfVprnGWeWbXr9gzWMnEKUgUF2p75NQw4SiLMFKJQyoFjx8pNoVAEUZxVhonEMUQTOMIDTRmMsHTT2QWZdaqVwAq50I8pa6b+7khhJPMldWUE1Vguern4nzdIVHjppoTFicIMzQeFCbUUt/I4rIAIjBSdagKRIHpXC42hgEjp0Co6BGfx5GXSbdSdZr15e15tXRVxlMExOAE14IAL0AI3oA06AIFH8AxewZvxZLwY78bHvLRkFD2H4A+Mzx+WUZb7</latexit>

h(2)
2

<latexit sha1_base64="afLIz9nPHrk6tNPfuZonOB0Ax8U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOPCRQX7gDaGyWTSDp1MwsxEKCFu/BU3LhRx61+482+ctFlo64FhDufcy733eDGjUlnWt7G0vLK6tl7aKG9ube/smnv7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl646vc7z4QIWnE79QkJk6IhpwGFCOlJdc8HHgR8+Uk1F86yu7T6s1p5qb1zDUrVs2aAi4SuyAVUKDlml8DP8JJSLjCDEnZt61YOSkSimJGsvIgkSRGeIyGpK8pRyGRTjq9IIMnWvFhEAn9uIJT9XdHikKZL6krQ6RGct7Lxf+8fqKCCyelPE4U4Xg2KEgYVBHM44A+FQQrNtEEYUH1rhCPkEBY6dDKOgR7/uRF0qnX7EatcXtWaV4WcZTAETgGVWCDc9AE16AF2gCDR/AMXsGb8WS8GO/Gx6x0ySh6DsAfGJ8/vIOXFQ==</latexit>

h(L)
2

…

 …

 …
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linear model<latexit sha1_base64="L+6qTucM4s6hsKb9rJleg346ivQ=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXbisYB/QjiWTSdvQTDIkGbUM/Q83LhRx67+482/MtLPQ1gMhh3PuJScniDnTxnW/ncLK6tr6RnGztLW9s7tX3j9oaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjq8xvP1ClmRR3ZhJTP8JDwQaMYGOl+14geagnkb3Sp2m/XHGr7gxomXg5qUCORr/81QslSSIqDOFY667nxsZPsTKMcDot9RJNY0zGeEi7lgocUe2ns9RTdGKVEA2kskcYNFN/b6Q40lk0OxlhM9KLXib+53UTM7j0UybixFBB5g8NEo6MRFkFKGSKEsMnlmCimM2KyAgrTIwtqmRL8Ba/vExaZ1WvVq3dnlfq13kdRTiCYzgFDy6gDjfQgCYQUPAMr/DmPDovzrvzMR8tOPnOIfyB8/kDV3iTFg==</latexit>x

<latexit sha1_base64="ax9fBGJvU3I+QpyzyV0IVuECapE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sMh1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx9Y/ZMX</latexit>y

<latexit sha1_base64="DeRxuQLeCe/a8c/7OmjnVY6b8mM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiVQklEqhuhoAuXFewDmlAm00k7dDIJMxOxhHyEG3/FjQtF3Lpw5984aVPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb2wUdzc2t7ZNff2WzKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RleZ374nQtKQ36lxRNwADTj1KUZKSz2z4gRIDT0/GafwEjrRkJZnSushhRU4++H0pGeWrKo1AVwkdk5KIEejZ345/RDHAeEKMyRl17Yi5SZIKIoZSYtOLEmE8AgNSFdTjgIi3WRyVAqPtdKHfij04wpO1N8dCQqkHAeersxWlPNeJv7ndWPlX7gJ5VGsCMfTQX7MoAphlhDsU0GwYmNNEBZU7wrxEAmElc6xqEOw509eJK3Tql2r1m7PSvXrPI4COARHoAxscA7q4AY0QBNg8AiewSt4M56MF+Pd+JiWLhl5zwH4A+PzBw8fnjg=</latexit>

y = ω(Vx+ c)



Depth in Feedforward Neural Network

Shallow

Essentially 
linear model<latexit sha1_base64="L+6qTucM4s6hsKb9rJleg346ivQ=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXbisYB/QjiWTSdvQTDIkGbUM/Q83LhRx67+482/MtLPQ1gMhh3PuJScniDnTxnW/ncLK6tr6RnGztLW9s7tX3j9oaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjq8xvP1ClmRR3ZhJTP8JDwQaMYGOl+14geagnkb3Sp2m/XHGr7gxomXg5qUCORr/81QslSSIqDOFY667nxsZPsTKMcDot9RJNY0zGeEi7lgocUe2ns9RTdGKVEA2kskcYNFN/b6Q40lk0OxlhM9KLXib+53UTM7j0UybixFBB5g8NEo6MRFkFKGSKEsMnlmCimM2KyAgrTIwtqmRL8Ba/vExaZ1WvVq3dnlfq13kdRTiCYzgFDy6gDjfQgCYQUPAMr/DmPDovzrvzMR8tOPnOIfyB8/kDV3iTFg==</latexit>x

<latexit sha1_base64="ax9fBGJvU3I+QpyzyV0IVuECapE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sMh1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx9Y/ZMX</latexit>y

<latexit sha1_base64="DeRxuQLeCe/a8c/7OmjnVY6b8mM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiVQklEqhuhoAuXFewDmlAm00k7dDIJMxOxhHyEG3/FjQtF3Lpw5984aVPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb2wUdzc2t7ZNff2WzKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RleZ374nQtKQ36lxRNwADTj1KUZKSz2z4gRIDT0/GafwEjrRkJZnSushhRU4++H0pGeWrKo1AVwkdk5KIEejZ345/RDHAeEKMyRl17Yi5SZIKIoZSYtOLEmE8AgNSFdTjgIi3WRyVAqPtdKHfij04wpO1N8dCQqkHAeersxWlPNeJv7ndWPlX7gJ5VGsCMfTQX7MoAphlhDsU0GwYmNNEBZU7wrxEAmElc6xqEOw509eJK3Tql2r1m7PSvXrPI4COARHoAxscA7q4AY0QBNg8AiewSt4M56MF+Pd+JiWLhl5zwH4A+PzBw8fnjg=</latexit>

y = ω(Vx+ c)

Just a little bit of depth

Universal 
approximation 

Theorem
<latexit sha1_base64="L+6qTucM4s6hsKb9rJleg346ivQ=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXbisYB/QjiWTSdvQTDIkGbUM/Q83LhRx67+482/MtLPQ1gMhh3PuJScniDnTxnW/ncLK6tr6RnGztLW9s7tX3j9oaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjq8xvP1ClmRR3ZhJTP8JDwQaMYGOl+14geagnkb3Sp2m/XHGr7gxomXg5qUCORr/81QslSSIqDOFY667nxsZPsTKMcDot9RJNY0zGeEi7lgocUe2ns9RTdGKVEA2kskcYNFN/b6Q40lk0OxlhM9KLXib+53UTM7j0UybixFBB5g8NEo6MRFkFKGSKEsMnlmCimM2KyAgrTIwtqmRL8Ba/vExaZ1WvVq3dnlfq13kdRTiCYzgFDy6gDjfQgCYQUPAMr/DmPDovzrvzMR8tOPnOIfyB8/kDV3iTFg==</latexit>x

<latexit sha1_base64="ax9fBGJvU3I+QpyzyV0IVuECapE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sMh1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx9Y/ZMX</latexit>y

<latexit sha1_base64="JpCFn19MlnaxyRr+i5a87T9r0D0=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sNB1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx8/KJMG</latexit>

h

<latexit sha1_base64="vUCvC8O+gCN+CIJECGA7Z5ZRItA=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0WpCCURqd0IBV24rGAf0JQymU7aoTNJmJmIJeRX3Pgrblwo0p34M07aVLR6YODMOfdy7z1uyKhUlvVh5JaWV1bX8uuFjc2t7R1zd68pg0hg0sABC0TbRZIw6pOGooqRdigI4i4jLXd0lfqteyIkDfw7NQ5Jl6OBTz2KkdJSz6w6HKmh68XDBB5fQkfSAUeludhK4Jw+JPD0++MmJz2zaJWtKeBfYmekCDLUe+bE6Qc44sRXmCEpO7YVqm6MhKKYkaTgRJKECI/QgHQ09REnshtPL0zgkVb60AuEfr6CU/VnR4y4lGPu6sp0RbnopeJ/XidSXrUbUz+MFPHxbJAXMagCmMYF+1QQrNhYE4QF1btCPEQCYaVDLegQ7MWT/5LmWdmulCu358XadRZHHhyAQ1ACNrgANXAD6qABMHgEz+AVvBlPxovxbkxmpTkj69kHv2B8fgEf4KOF</latexit>

h = �(Wx+ b)

<latexit sha1_base64="DeRxuQLeCe/a8c/7OmjnVY6b8mM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiVQklEqhuhoAuXFewDmlAm00k7dDIJMxOxhHyEG3/FjQtF3Lpw5984aVPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb2wUdzc2t7ZNff2WzKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RleZ374nQtKQ36lxRNwADTj1KUZKSz2z4gRIDT0/GafwEjrRkJZnSushhRU4++H0pGeWrKo1AVwkdk5KIEejZ345/RDHAeEKMyRl17Yi5SZIKIoZSYtOLEmE8AgNSFdTjgIi3WRyVAqPtdKHfij04wpO1N8dCQqkHAeersxWlPNeJv7ndWPlX7gJ5VGsCMfTQX7MoAphlhDsU0GwYmNNEBZU7wrxEAmElc6xqEOw509eJK3Tql2r1m7PSvXrPI4COARHoAxscA7q4AY0QBNg8AiewSt4M56MF+Pd+JiWLhl5zwH4A+PzBw8fnjg=</latexit>

y = ω(Vx+ c)



Depth in Feedforward Neural Network

More layers  
=  

Exponentially less 
parameters required

But Linear FNN collapses ! —> Shallow

Shallow

Essentially 
linear model<latexit sha1_base64="L+6qTucM4s6hsKb9rJleg346ivQ=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXbisYB/QjiWTSdvQTDIkGbUM/Q83LhRx67+482/MtLPQ1gMhh3PuJScniDnTxnW/ncLK6tr6RnGztLW9s7tX3j9oaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjq8xvP1ClmRR3ZhJTP8JDwQaMYGOl+14geagnkb3Sp2m/XHGr7gxomXg5qUCORr/81QslSSIqDOFY667nxsZPsTKMcDot9RJNY0zGeEi7lgocUe2ns9RTdGKVEA2kskcYNFN/b6Q40lk0OxlhM9KLXib+53UTM7j0UybixFBB5g8NEo6MRFkFKGSKEsMnlmCimM2KyAgrTIwtqmRL8Ba/vExaZ1WvVq3dnlfq13kdRTiCYzgFDy6gDjfQgCYQUPAMr/DmPDovzrvzMR8tOPnOIfyB8/kDV3iTFg==</latexit>x

<latexit sha1_base64="ax9fBGJvU3I+QpyzyV0IVuECapE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sMh1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx9Y/ZMX</latexit>y

<latexit sha1_base64="DeRxuQLeCe/a8c/7OmjnVY6b8mM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiVQklEqhuhoAuXFewDmlAm00k7dDIJMxOxhHyEG3/FjQtF3Lpw5984aVPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb2wUdzc2t7ZNff2WzKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RleZ374nQtKQ36lxRNwADTj1KUZKSz2z4gRIDT0/GafwEjrRkJZnSushhRU4++H0pGeWrKo1AVwkdk5KIEejZ345/RDHAeEKMyRl17Yi5SZIKIoZSYtOLEmE8AgNSFdTjgIi3WRyVAqPtdKHfij04wpO1N8dCQqkHAeersxWlPNeJv7ndWPlX7gJ5VGsCMfTQX7MoAphlhDsU0GwYmNNEBZU7wrxEAmElc6xqEOw509eJK3Tql2r1m7PSvXrPI4COARHoAxscA7q4AY0QBNg8AiewSt4M56MF+Pd+JiWLhl5zwH4A+PzBw8fnjg=</latexit>

y = ω(Vx+ c)

Just a little bit of depth

Universal 
approximation 

Theorem
<latexit sha1_base64="L+6qTucM4s6hsKb9rJleg346ivQ=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXbisYB/QjiWTSdvQTDIkGbUM/Q83LhRx67+482/MtLPQ1gMhh3PuJScniDnTxnW/ncLK6tr6RnGztLW9s7tX3j9oaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjq8xvP1ClmRR3ZhJTP8JDwQaMYGOl+14geagnkb3Sp2m/XHGr7gxomXg5qUCORr/81QslSSIqDOFY667nxsZPsTKMcDot9RJNY0zGeEi7lgocUe2ns9RTdGKVEA2kskcYNFN/b6Q40lk0OxlhM9KLXib+53UTM7j0UybixFBB5g8NEo6MRFkFKGSKEsMnlmCimM2KyAgrTIwtqmRL8Ba/vExaZ1WvVq3dnlfq13kdRTiCYzgFDy6gDjfQgCYQUPAMr/DmPDovzrvzMR8tOPnOIfyB8/kDV3iTFg==</latexit>x

<latexit sha1_base64="ax9fBGJvU3I+QpyzyV0IVuECapE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sMh1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx9Y/ZMX</latexit>y

<latexit sha1_base64="JpCFn19MlnaxyRr+i5a87T9r0D0=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sNB1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx8/KJMG</latexit>

h

<latexit sha1_base64="vUCvC8O+gCN+CIJECGA7Z5ZRItA=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0WpCCURqd0IBV24rGAf0JQymU7aoTNJmJmIJeRX3Pgrblwo0p34M07aVLR6YODMOfdy7z1uyKhUlvVh5JaWV1bX8uuFjc2t7R1zd68pg0hg0sABC0TbRZIw6pOGooqRdigI4i4jLXd0lfqteyIkDfw7NQ5Jl6OBTz2KkdJSz6w6HKmh68XDBB5fQkfSAUeludhK4Jw+JPD0++MmJz2zaJWtKeBfYmekCDLUe+bE6Qc44sRXmCEpO7YVqm6MhKKYkaTgRJKECI/QgHQ09REnshtPL0zgkVb60AuEfr6CU/VnR4y4lGPu6sp0RbnopeJ/XidSXrUbUz+MFPHxbJAXMagCmMYF+1QQrNhYE4QF1btCPEQCYaVDLegQ7MWT/5LmWdmulCu358XadRZHHhyAQ1ACNrgANXAD6qABMHgEz+AVvBlPxovxbkxmpTkj69kHv2B8fgEf4KOF</latexit>

h = �(Wx+ b)

<latexit sha1_base64="DeRxuQLeCe/a8c/7OmjnVY6b8mM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiVQklEqhuhoAuXFewDmlAm00k7dDIJMxOxhHyEG3/FjQtF3Lpw5984aVPQ1gMDZ865l3vv8SJGpbKsb2NpeWV1bb2wUdzc2t7ZNff2WzKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RleZ374nQtKQ36lxRNwADTj1KUZKSz2z4gRIDT0/GafwEjrRkJZnSushhRU4++H0pGeWrKo1AVwkdk5KIEejZ345/RDHAeEKMyRl17Yi5SZIKIoZSYtOLEmE8AgNSFdTjgIi3WRyVAqPtdKHfij04wpO1N8dCQqkHAeersxWlPNeJv7ndWPlX7gJ5VGsCMfTQX7MoAphlhDsU0GwYmNNEBZU7wrxEAmElc6xqEOw509eJK3Tql2r1m7PSvXrPI4COARHoAxscA7q4AY0QBNg8AiewSt4M56MF+Pd+JiWLhl5zwH4A+PzBw8fnjg=</latexit>

y = ω(Vx+ c)

Deep FNN

. . .

<latexit sha1_base64="L+6qTucM4s6hsKb9rJleg346ivQ=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXbisYB/QjiWTSdvQTDIkGbUM/Q83LhRx67+482/MtLPQ1gMhh3PuJScniDnTxnW/ncLK6tr6RnGztLW9s7tX3j9oaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjq8xvP1ClmRR3ZhJTP8JDwQaMYGOl+14geagnkb3Sp2m/XHGr7gxomXg5qUCORr/81QslSSIqDOFY667nxsZPsTKMcDot9RJNY0zGeEi7lgocUe2ns9RTdGKVEA2kskcYNFN/b6Q40lk0OxlhM9KLXib+53UTM7j0UybixFBB5g8NEo6MRFkFKGSKEsMnlmCimM2KyAgrTIwtqmRL8Ba/vExaZ1WvVq3dnlfq13kdRTiCYzgFDy6gDjfQgCYQUPAMr/DmPDovzrvzMR8tOPnOIfyB8/kDV3iTFg==</latexit>x

<latexit sha1_base64="ax9fBGJvU3I+QpyzyV0IVuECapE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sMh1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx9Y/ZMX</latexit>y

<latexit sha1_base64="8K2aT1u041sKmu52k9JRVKsyD0A=">AAAB/XicbVBLSwMxGMz6rPW1Pm5egkWol7IrUj0W9OCxgn1Au5ZsNtuGZpMlyQp1WfwrXjwo4tX/4c1/Y7bdg7YOhAwz30cm48eMKu0439bS8srq2nppo7y5tb2za+/tt5VIJCYtLJiQXR8pwignLU01I91YEhT5jHT88VXudx6IVFTwOz2JiRehIachxUgbaWAf9n3BAjWJzJWOsvu06p5mA7vi1Jwp4CJxC1IBBZoD+6sfCJxEhGvMkFI914m1lyKpKWYkK/cTRWKEx2hIeoZyFBHlpdP0GTwxSgBDIc3hGk7V3xspilQe0ExGSI/UvJeL/3m9RIeXXkp5nGjC8eyhMGFQC5hXAQMqCdZsYgjCkpqsEI+QRFibwsqmBHf+y4ukfVZz67X67XmlcV3UUQJH4BhUgQsuQAPcgCZoAQwewTN4BW/Wk/VivVsfs9Elq9g5AH9gff4AiZ2VSw==</latexit>

h(1)

<latexit sha1_base64="TIRY3GsYnsEVv7lpx25VF7LPw9Y=">AAAB/XicbVBLSwMxGMzWV62v9XHzEixCvZRdkeqxoAcPHirYB7RryWazbWg2WZKsUJfFv+LFgyJe/R/e/Dem7R60dSBkmPk+Mhk/ZlRpx/m2CkvLK6trxfXSxubW9o69u9dSIpGYNLFgQnZ8pAijnDQ11Yx0YklQ5DPS9keXE7/9QKSigt/pcUy8CA04DSlG2kh9+6DnCxaocWSudJjdp5Wbk6xvl52qMwVcJG5OyiBHo29/9QKBk4hwjRlSqus6sfZSJDXFjGSlXqJIjPAIDUjXUI4iorx0mj6Dx0YJYCikOVzDqfp7I0WRmgQ0kxHSQzXvTcT/vG6iwwsvpTxONOF49lCYMKgFnFQBAyoJ1mxsCMKSmqwQD5FEWJvCSqYEd/7Li6R1WnVr1drtWbl+lddRBIfgCFSAC85BHVyDBmgCDB7BM3gFb9aT9WK9Wx+z0YKV7+yDP7A+fwCyv5Vm</latexit>

h(L)

<latexit sha1_base64="PtfrYdAx1mEpQtg8+F2v6G130bc=">AAAB/XicbVBLSwMxGMzWV62v9XHzEixCvZTdItVjQQ8eK9gHtGvJZtM2NJssSVaoy+Jf8eJBEa/+D2/+G7PtHrR1IGSY+T4yGT9iVGnH+bYKK6tr6xvFzdLW9s7unr1/0FYilpi0sGBCdn2kCKOctDTVjHQjSVDoM9LxJ1eZ33kgUlHB7/Q0Il6IRpwOKUbaSAP7qO8LFqhpaK5knN4nldpZOrDLTtWZAS4TNydlkKM5sL/6gcBxSLjGDCnVc51IewmSmmJG0lI/ViRCeIJGpGcoRyFRXjJLn8JTowRwKKQ5XMOZ+nsjQaHKAprJEOmxWvQy8T+vF+vhpZdQHsWacDx/aBgzqAXMqoABlQRrNjUEYUlNVojHSCKsTWElU4K7+OVl0q5V3Xq1fnteblzndRTBMTgBFeCCC9AAN6AJWgCDR/AMXsGb9WS9WO/Wx3y0YOU7h+APrM8fiyOVTA==</latexit>

h(2)



Our work : What about RNNs?
. . .. . . . . .. . .

…
<latexit sha1_base64="dCJvLL9xgCFUSdSbixFP2W7f1B0=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nbHOwlZKm6RaWJiVJZaP0q3jxoIhXv4g3v43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQgQIowyklPU83IIJEExQEjj8H0rvAfn4hUVPCunifEi9GY04hipI3k2/VRIFio5rG5slnuZ93ctxtO01kArhO3JA1QouPbX6NQ4DQmXGOGlBq6TqK9DElNMSN5bZQqkiA8RWMyNJSjmCgvW2TP4blRQhgJaQ7XcKH+3shQrIp4ZjJGeqJWvUL8zxumOrrxMsqTVBOOlw9FKYNawKIIGFJJsGZzQxCW1GSFeIIkwtrUVTMluKtfXif9y6bbarYerhrt27KOKjgFZ+ACuOAatME96IAewGAGnsEreLNy68V6tz6WoxWr3DkBf2B9/gAEz5UY</latexit>xT

<latexit sha1_base64="2cRVoKhmQLa4pLLVXE7iIwITQx0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ7gO2UtI03cLSpCSpbJT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+s9JVKJSRcLJuQgQIowyklXU83IIJEExQEj/WB6V/j9JyIVFfxRzxPixWjMaUQx0kby7fooECxU89hc2Sz3Mzf37YbTdBaA68QtSQOU6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheG6WKJAhP0ZgMDeUoJsrLFtlzeG6UEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ11UwJ7uqX10nvsum2mq2Hq0b7tqyjCk7BGbgALrgGbXAPOqALMJiBZ/AK3qzcerHerY/laMUqd07AH1ifP8+RlPU=</latexit>x1
<latexit sha1_base64="7P8nPi3PyKx97uWByEU34Q+3j/U=">AAAB+3icbVDNS8MwHE39nPOrzqOX4BA8jXbI9Dj04nGC+4CtlDRNt7A0KUkqG6X/ihcPinj1H/Hmf2O69aCbD0Ie7/1+5OUFCaNKO863tbG5tb2zW9mr7h8cHh3bJ7WeEqnEpIsFE3IQIEUY5aSrqWZkkEiC4oCRfjC9K/z+E5GKCv6o5wnxYjTmNKIYaSP5dm0UCBaqeWyubJb7WTP37brTcBaA68QtSR2U6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheHaWKJAhP0ZgMDeUoJsrLFtlzeGGUEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ1VU0J7uqX10mv2XBbjdbDVb19W9ZRAWfgHFwCF1yDNrgHHdAFGMzAM3gFb1ZuvVjv1sdydMMqd07BH1ifP9EWlPY=</latexit>x2

<latexit sha1_base64="HqUdj+3MOpcbPSQXpYe9vYBqZYc=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MZlhb6gjWEymbRDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8mBKpbPvbKK2srq1vlDcrW9s7u3vm/kFX8kQg3EGcctH3ocSUMNxRRFHcjwWGkU9xz5/c5H7vAQtJOGuraYzdCI4YCQmCSkueeTT0OQ3kNNJfOs7u05pzlnlpO/PMql23Z7CWiVOQKijQ8syvYcBREmGmEIVSDhw7Vm4KhSKI4qwyTCSOIZrAER5oymCEpZvOLsisU60EVsiFfkxZM/V3RwojmS+pKyOoxnLRy8X/vEGiwis3JSxOFGZoPihMqKW4lcdhBURgpOhUE4gE0btaaAwFREqHVtEhOIsnL5Pued1p1Bt3F9XmdRFHGRyDE1ADDrgETXALWqADEHgEz+AVvBlPxovxbnzMS0tG0XMI/sD4/AHGn5cc</latexit>

h(1)
T

<latexit sha1_base64="PY3CIEm+apdFpS5uDtHGdAw4OkE=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xP3cy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCRcJb5</latexit>

h(1)
1

<latexit sha1_base64="UoBHZoND1pvzJ/o4IIqofNwlqzc=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xPncy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCP65b4</latexit>

h(1)
0

 …
<latexit sha1_base64="JJQdvuEXmpAjNu67AZ8qabhemog=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRahbkoiUl0W3bhwUaEvaGOYTCbt0MlMmJkIJcSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceP6ZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I3kiEG4jTrno+VBiShhuK6Io7sUCw8inuOuPr3O/+4CFJJy11CTGbgSHjIQEQaUlzzwc+JwGchLpLx1l92n19jTz0lbmmRW7Zk9hLRKnIBVQoOmZX4OAoyTCTCEKpew7dqzcFApFEMVZeZBIHEM0hkPc15TBCEs3nV6QWSdaCayQC/2Ysqbq744URjJfUldGUI3kvJeL/3n9RIWXbkpYnCjM0GxQmFBLcSuPwwqIwEjRiSYQCaJ3tdAICoiUDq2sQ3DmT14knbOaU6/V784rjasijhI4AsegChxwARrgBjRBGyDwCJ7BK3gznowX4934mJUuGUXPAfgD4/MH8C2XNw==</latexit>

h(L)
T

<latexit sha1_base64="i21KhtOhDowok0JhFaWoJ2+55d0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXupknlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uv6XFA==</latexit>

h(L)
1

<latexit sha1_base64="Y1pJy9XEZaMPEcM50lcKkFJs+eg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXmpnnlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uXmXEw==</latexit>

h(L)
0

<latexit sha1_base64="lfyx37GwMTI5yy4AhRENw6H2KVg=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nuDnYSknTdAtLk5KkYin9Kl48KOLVL+LNb2O69aCbD0Ie7/1+5OUFCaNKO863VVtb39jcqm83dnb39g/sw+ZAiVRi0seCCTkMkCKMctLXVDMyTCRBccDIQzC7Kf2HRyIVFfxeZwnxYjThNKIYaSP5dnMcCBaqLDZXnhV+7ha+3XLazhxwlbgVaYEKPd/+GocCpzHhGjOk1Mh1Eu3lSGqKGSka41SRBOEZmpCRoRzFRHn5PHsBT40SwkhIc7iGc/X3Ro5iVcYzkzHSU7XsleJ/3ijV0ZWXU56kmnC8eChKGdQClkXAkEqCNcsMQVhSkxXiKZIIa1NXw5TgLn95lQzO226n3bm7aHWvqzrq4BicgDPggkvQBbegB/oAgyfwDF7Bm1VYL9a79bEYrVnVzhH4A+vzB9EalPY=</latexit>y1
<latexit sha1_base64="brcu/w3VCSIJlT2cg6SDEVktMag=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRDpsehF48T3AdspaRpuoWlSUlScZT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQwQIowyklPU83IMJEExQEjg2B2W/iDRyIVFfxBzxPixWjCaUQx0kby7fo4ECxU89hc2Tz3s1bu2w2n6SwA14lbkgYo0fXtr3EocBoTrjFDSo1cJ9FehqSmmJG8Nk4VSRCeoQkZGcpRTJSXLbLn8NwoIYyENIdruFB/b2QoVkU8MxkjPVWrXiH+541SHV17GeVJqgnHy4eilEEtYFEEDKkkWLO5IQhLarJCPEUSYW3qqpkS3NUvr5N+q+m2m+37y0bnpqyjCk7BGbgALrgCHXAHuqAHMHgCz+AVvFm59WK9Wx/L0YpV7pyAP7A+fwDSn5T3</latexit>y2

<latexit sha1_base64="715VC4oxj79kfPA4N9S54tpjIY8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMzuCn/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VzXM/6+a+3XCazgJwnbglaYASHd/+GocCpzHhGjOk1Mh1Eu1lSGqKGclr41SRBOEZmpCRoRzFRHnZInsOz40SwkhIc7iGC/X3RoZiVcQzkzHSU7XqFeJ/3ijV0Y2XUZ6kmnC8fChKGdQCFkXAkEqCNZsbgrCkJivEUyQR1qauminBXf3yOulfNt1Ws/Vw1WjflnVUwSk4AxfABdegDe5BB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnDwZYlRk=</latexit>yT

<latexit sha1_base64="crcHMbtduDBs3d072Gis5gXDXlc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOOyQl/QxjCZTNqhk0mYmQglxI2/4saFIm79C3f+jZM2C209MMzhnHu59x4vZlQqy/o2VlbX1jc2S1vl7Z3dvX3z4LAro0Rg0sERi0TfQ5IwyklHUcVIPxYEhR4jPW9yk/u9ByIkjXhbTWPihGjEaUAxUlpyzeOhFzFfTkP9pePMTdvZfVqtn2euWbFq1gxwmdgFqYACLdf8GvoRTkLCFWZIyoFtxcpJkVAUM5KVh4kkMcITNCIDTTkKiXTS2QUZPNOKD4NI6McVnKm/O1IUynxJXRkiNZaLXi7+5w0SFVw5KeVxogjH80FBwqCKYB4H9KkgWLGpJggLqneFeIwEwkqHVtYh2IsnL5NuvWY3ao27i0rzuoijBE7AKagCG1yCJrgFLdABGDyCZ/AK3own48V4Nz7mpStG0XME/sD4/AHKx5cd</latexit>

h(2)
T

<latexit sha1_base64="3ItOYtykSxK73+BarBFyYiXF8SM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMS53sPq01zjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+Uxpb6</latexit>

h(2)
1

<latexit sha1_base64="KYr+Xszhry3gRfZ36VXgJGP9kZ4=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+IQ5mW0Q6bHoRePE9wHbLWkabqFpUlJUmHUHvxXvHhQxKv/hjf/G9OtB918EPJ47/cjL8+PKZHKtr+N0srq2vpGebOytb2zu2fuH3QlTwTCHcQpF30fSkwJwx1FFMX9WGAY+RT3/Ml17vcesJCEszs1jbEbwREjIUFQackzj4Y+p4GcRvpKx5ln36e1xlnmmVW7bs9gLROnIFVQoO2ZX8OAoyTCTCEKpRw4dqzcFApFEMVZZZhIHEM0gSM80JTBCEs3neXPrFOtBFbIhT5MWTP190YKI5lH1JMRVGO56OXif94gUeGlmxIWJwozNH8oTKiluJWXYQVEYKToVBOIBNFZLTSGAiKlK6voEpzFLy+TbqPuNOvN2/Nq66qoowyOwQmoAQdcgBa4AW3QAQg8gmfwCt6MJ+PFeDc+5qMlo9g5BH9gfP4AvUeV7Q==</latexit>

h(2)
0

<latexit sha1_base64="bFNOYg1bEWO415KzCkJ9fRseVjY=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePsPq05Z5mXNjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+S9Zb6</latexit>

h(1)
2

<latexit sha1_base64="86HeB3Z+wCdL7YoKae6qN4MmAqU=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMSxvZfVprnGWeWbXr9gzWMnEKUgUF2p75NQw4SiLMFKJQyoFjx8pNoVAEUZxVhonEMUQTOMIDTRmMsHTT2QWZdaqVwAq50I8pa6b+7khhJPMldWUE1Vguern4nzdIVHjppoTFicIMzQeFCbUUt/I4rIAIjBSdagKRIHpXC42hgEjp0Co6BGfx5GXSbdSdZr15e15tXRVxlMExOAE14IAL0AI3oA06AIFH8AxewZvxZLwY78bHvLRkFD2H4A+Mzx+WUZb7</latexit>

h(2)
2

<latexit sha1_base64="afLIz9nPHrk6tNPfuZonOB0Ax8U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOPCRQX7gDaGyWTSDp1MwsxEKCFu/BU3LhRx61+482+ctFlo64FhDufcy733eDGjUlnWt7G0vLK6tl7aKG9ube/smnv7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl646vc7z4QIWnE79QkJk6IhpwGFCOlJdc8HHgR8+Uk1F86yu7T6s1p5qb1zDUrVs2aAi4SuyAVUKDlml8DP8JJSLjCDEnZt61YOSkSimJGsvIgkSRGeIyGpK8pRyGRTjq9IIMnWvFhEAn9uIJT9XdHikKZL6krQ6RGct7Lxf+8fqKCCyelPE4U4Xg2KEgYVBHM44A+FQQrNtEEYUH1rhCPkEBY6dDKOgR7/uRF0qnX7EatcXtWaV4WcZTAETgGVWCDc9AE16AF2gCDR/AMXsGb8WS8GO/Gx6x0ySh6DsAfGJ8/vIOXFQ==</latexit>

h(L)
2

…

 …

 …



Our work : What about RNNs?

• Are there benefits to depth in RNNs? 

• What about linear RNNs? Do they collapse like FNNs? 

• Is it the same for 2RNNs? 

• Depth vs. Multiplicative interactions? 

<latexit sha1_base64="wNn053hoPAMg41xjYiBGwjmC2kI="></latexit>

h(l)
t = A(l) ⇥1 h

(l)
t�1 ⇥2 h

(l�1)
t +U(l)h(l�1)

t +V(l)h(l)
t�1 + b(l)

Multiplicative interactions

. . .. . . . . .. . .

…
<latexit sha1_base64="dCJvLL9xgCFUSdSbixFP2W7f1B0=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nbHOwlZKm6RaWJiVJZaP0q3jxoIhXv4g3v43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQgQIowyklPU83IIJEExQEjj8H0rvAfn4hUVPCunifEi9GY04hipI3k2/VRIFio5rG5slnuZ93ctxtO01kArhO3JA1QouPbX6NQ4DQmXGOGlBq6TqK9DElNMSN5bZQqkiA8RWMyNJSjmCgvW2TP4blRQhgJaQ7XcKH+3shQrIp4ZjJGeqJWvUL8zxumOrrxMsqTVBOOlw9FKYNawKIIGFJJsGZzQxCW1GSFeIIkwtrUVTMluKtfXif9y6bbarYerhrt27KOKjgFZ+ACuOAatME96IAewGAGnsEreLNy68V6tz6WoxWr3DkBf2B9/gAEz5UY</latexit>xT

<latexit sha1_base64="2cRVoKhmQLa4pLLVXE7iIwITQx0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ7gO2UtI03cLSpCSpbJT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+s9JVKJSRcLJuQgQIowyklXU83IIJEExQEj/WB6V/j9JyIVFfxRzxPixWjMaUQx0kby7fooECxU89hc2Sz3Mzf37YbTdBaA68QtSQOU6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheG6WKJAhP0ZgMDeUoJsrLFtlzeG6UEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ11UwJ7uqX10nvsum2mq2Hq0b7tqyjCk7BGbgALrgGbXAPOqALMJiBZ/AK3qzcerHerY/laMUqd07AH1ifP8+RlPU=</latexit>x1
<latexit sha1_base64="7P8nPi3PyKx97uWByEU34Q+3j/U=">AAAB+3icbVDNS8MwHE39nPOrzqOX4BA8jXbI9Dj04nGC+4CtlDRNt7A0KUkqG6X/ihcPinj1H/Hmf2O69aCbD0Ie7/1+5OUFCaNKO863tbG5tb2zW9mr7h8cHh3bJ7WeEqnEpIsFE3IQIEUY5aSrqWZkkEiC4oCRfjC9K/z+E5GKCv6o5wnxYjTmNKIYaSP5dm0UCBaqeWyubJb7WTP37brTcBaA68QtSR2U6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheHaWKJAhP0ZgMDeUoJsrLFtlzeGGUEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ1VU0J7uqX10mv2XBbjdbDVb19W9ZRAWfgHFwCF1yDNrgHHdAFGMzAM3gFb1ZuvVjv1sdydMMqd07BH1ifP9EWlPY=</latexit>x2

<latexit sha1_base64="HqUdj+3MOpcbPSQXpYe9vYBqZYc=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MZlhb6gjWEymbRDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8mBKpbPvbKK2srq1vlDcrW9s7u3vm/kFX8kQg3EGcctH3ocSUMNxRRFHcjwWGkU9xz5/c5H7vAQtJOGuraYzdCI4YCQmCSkueeTT0OQ3kNNJfOs7u05pzlnlpO/PMql23Z7CWiVOQKijQ8syvYcBREmGmEIVSDhw7Vm4KhSKI4qwyTCSOIZrAER5oymCEpZvOLsisU60EVsiFfkxZM/V3RwojmS+pKyOoxnLRy8X/vEGiwis3JSxOFGZoPihMqKW4lcdhBURgpOhUE4gE0btaaAwFREqHVtEhOIsnL5Pued1p1Bt3F9XmdRFHGRyDE1ADDrgETXALWqADEHgEz+AVvBlPxovxbnzMS0tG0XMI/sD4/AHGn5cc</latexit>

h(1)
T

<latexit sha1_base64="PY3CIEm+apdFpS5uDtHGdAw4OkE=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xP3cy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCRcJb5</latexit>

h(1)
1

<latexit sha1_base64="UoBHZoND1pvzJ/o4IIqofNwlqzc=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xPncy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCP65b4</latexit>

h(1)
0

 …
<latexit sha1_base64="JJQdvuEXmpAjNu67AZ8qabhemog=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRahbkoiUl0W3bhwUaEvaGOYTCbt0MlMmJkIJcSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceP6ZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I3kiEG4jTrno+VBiShhuK6Io7sUCw8inuOuPr3O/+4CFJJy11CTGbgSHjIQEQaUlzzwc+JwGchLpLx1l92n19jTz0lbmmRW7Zk9hLRKnIBVQoOmZX4OAoyTCTCEKpew7dqzcFApFEMVZeZBIHEM0hkPc15TBCEs3nV6QWSdaCayQC/2Ysqbq744URjJfUldGUI3kvJeL/3n9RIWXbkpYnCjM0GxQmFBLcSuPwwqIwEjRiSYQCaJ3tdAICoiUDq2sQ3DmT14knbOaU6/V784rjasijhI4AsegChxwARrgBjRBGyDwCJ7BK3gznowX4934mJUuGUXPAfgD4/MH8C2XNw==</latexit>

h(L)
T

<latexit sha1_base64="i21KhtOhDowok0JhFaWoJ2+55d0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXupknlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uv6XFA==</latexit>

h(L)
1

<latexit sha1_base64="Y1pJy9XEZaMPEcM50lcKkFJs+eg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXmpnnlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uXmXEw==</latexit>

h(L)
0

<latexit sha1_base64="lfyx37GwMTI5yy4AhRENw6H2KVg=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nuDnYSknTdAtLk5KkYin9Kl48KOLVL+LNb2O69aCbD0Ie7/1+5OUFCaNKO863VVtb39jcqm83dnb39g/sw+ZAiVRi0seCCTkMkCKMctLXVDMyTCRBccDIQzC7Kf2HRyIVFfxeZwnxYjThNKIYaSP5dnMcCBaqLDZXnhV+7ha+3XLazhxwlbgVaYEKPd/+GocCpzHhGjOk1Mh1Eu3lSGqKGSka41SRBOEZmpCRoRzFRHn5PHsBT40SwkhIc7iGc/X3Ro5iVcYzkzHSU7XsleJ/3ijV0ZWXU56kmnC8eChKGdQClkXAkEqCNcsMQVhSkxXiKZIIa1NXw5TgLn95lQzO226n3bm7aHWvqzrq4BicgDPggkvQBbegB/oAgyfwDF7Bm1VYL9a79bEYrVnVzhH4A+vzB9EalPY=</latexit>y1
<latexit sha1_base64="brcu/w3VCSIJlT2cg6SDEVktMag=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRDpsehF48T3AdspaRpuoWlSUlScZT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQwQIowyklPU83IMJEExQEjg2B2W/iDRyIVFfxBzxPixWjCaUQx0kby7fo4ECxU89hc2Tz3s1bu2w2n6SwA14lbkgYo0fXtr3EocBoTrjFDSo1cJ9FehqSmmJG8Nk4VSRCeoQkZGcpRTJSXLbLn8NwoIYyENIdruFB/b2QoVkU8MxkjPVWrXiH+541SHV17GeVJqgnHy4eilEEtYFEEDKkkWLO5IQhLarJCPEUSYW3qqpkS3NUvr5N+q+m2m+37y0bnpqyjCk7BGbgALrgCHXAHuqAHMHgCz+AVvFm59WK9Wx/L0YpV7pyAP7A+fwDSn5T3</latexit>y2

<latexit sha1_base64="715VC4oxj79kfPA4N9S54tpjIY8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMzuCn/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VzXM/6+a+3XCazgJwnbglaYASHd/+GocCpzHhGjOk1Mh1Eu1lSGqKGclr41SRBOEZmpCRoRzFRHnZInsOz40SwkhIc7iGC/X3RoZiVcQzkzHSU7XqFeJ/3ijV0Y2XUZ6kmnC8fChKGdQCFkXAkEqCNZsbgrCkJivEUyQR1qauminBXf3yOulfNt1Ws/Vw1WjflnVUwSk4AxfABdegDe5BB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnDwZYlRk=</latexit>yT

<latexit sha1_base64="crcHMbtduDBs3d072Gis5gXDXlc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOOyQl/QxjCZTNqhk0mYmQglxI2/4saFIm79C3f+jZM2C209MMzhnHu59x4vZlQqy/o2VlbX1jc2S1vl7Z3dvX3z4LAro0Rg0sERi0TfQ5IwyklHUcVIPxYEhR4jPW9yk/u9ByIkjXhbTWPihGjEaUAxUlpyzeOhFzFfTkP9pePMTdvZfVqtn2euWbFq1gxwmdgFqYACLdf8GvoRTkLCFWZIyoFtxcpJkVAUM5KVh4kkMcITNCIDTTkKiXTS2QUZPNOKD4NI6McVnKm/O1IUynxJXRkiNZaLXi7+5w0SFVw5KeVxogjH80FBwqCKYB4H9KkgWLGpJggLqneFeIwEwkqHVtYh2IsnL5NuvWY3ao27i0rzuoijBE7AKagCG1yCJrgFLdABGDyCZ/AK3own48V4Nz7mpStG0XME/sD4/AHKx5cd</latexit>

h(2)
T

<latexit sha1_base64="3ItOYtykSxK73+BarBFyYiXF8SM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMS53sPq01zjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+Uxpb6</latexit>

h(2)
1

<latexit sha1_base64="KYr+Xszhry3gRfZ36VXgJGP9kZ4=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+IQ5mW0Q6bHoRePE9wHbLWkabqFpUlJUmHUHvxXvHhQxKv/hjf/G9OtB918EPJ47/cjL8+PKZHKtr+N0srq2vpGebOytb2zu2fuH3QlTwTCHcQpF30fSkwJwx1FFMX9WGAY+RT3/Ml17vcesJCEszs1jbEbwREjIUFQackzj4Y+p4GcRvpKx5ln36e1xlnmmVW7bs9gLROnIFVQoO2ZX8OAoyTCTCEKpRw4dqzcFApFEMVZZZhIHEM0gSM80JTBCEs3neXPrFOtBFbIhT5MWTP190YKI5lH1JMRVGO56OXif94gUeGlmxIWJwozNH8oTKiluJWXYQVEYKToVBOIBNFZLTSGAiKlK6voEpzFLy+TbqPuNOvN2/Nq66qoowyOwQmoAQdcgBa4AW3QAQg8gmfwCt6MJ+PFeDc+5qMlo9g5BH9gfP4AvUeV7Q==</latexit>

h(2)
0

<latexit sha1_base64="bFNOYg1bEWO415KzCkJ9fRseVjY=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePsPq05Z5mXNjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+S9Zb6</latexit>

h(1)
2

<latexit sha1_base64="86HeB3Z+wCdL7YoKae6qN4MmAqU=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMSxvZfVprnGWeWbXr9gzWMnEKUgUF2p75NQw4SiLMFKJQyoFjx8pNoVAEUZxVhonEMUQTOMIDTRmMsHTT2QWZdaqVwAq50I8pa6b+7khhJPMldWUE1Vguern4nzdIVHjppoTFicIMzQeFCbUUt/I4rIAIjBSdagKRIHpXC42hgEjp0Co6BGfx5GXSbdSdZr15e15tXRVxlMExOAE14IAL0AI3oA06AIFH8AxewZvxZLwY78bHvLRkFD2H4A+Mzx+WUZb7</latexit>

h(2)
2

<latexit sha1_base64="afLIz9nPHrk6tNPfuZonOB0Ax8U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOPCRQX7gDaGyWTSDp1MwsxEKCFu/BU3LhRx61+482+ctFlo64FhDufcy733eDGjUlnWt7G0vLK6tl7aKG9ube/smnv7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl646vc7z4QIWnE79QkJk6IhpwGFCOlJdc8HHgR8+Uk1F86yu7T6s1p5qb1zDUrVs2aAi4SuyAVUKDlml8DP8JJSLjCDEnZt61YOSkSimJGsvIgkSRGeIyGpK8pRyGRTjq9IIMnWvFhEAn9uIJT9XdHikKZL6krQ6RGct7Lxf+8fqKCCyelPE4U4Xg2KEgYVBHM44A+FQQrNtEEYUH1rhCPkEBY6dDKOgR7/uRF0qnX7EatcXtWaV4WcZTAETgGVWCDc9AE16AF2gCDR/AMXsGb8WS8GO/Gx6x0ySh6DsAfGJ8/vIOXFQ==</latexit>

h(L)
2

…

 …

 …



Are there benefits to depth in RNNs? Yes, of course.

. . .. . . . . .. . .

…
<latexit sha1_base64="dCJvLL9xgCFUSdSbixFP2W7f1B0=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nbHOwlZKm6RaWJiVJZaP0q3jxoIhXv4g3v43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQgQIowyklPU83IIJEExQEjj8H0rvAfn4hUVPCunifEi9GY04hipI3k2/VRIFio5rG5slnuZ93ctxtO01kArhO3JA1QouPbX6NQ4DQmXGOGlBq6TqK9DElNMSN5bZQqkiA8RWMyNJSjmCgvW2TP4blRQhgJaQ7XcKH+3shQrIp4ZjJGeqJWvUL8zxumOrrxMsqTVBOOlw9FKYNawKIIGFJJsGZzQxCW1GSFeIIkwtrUVTMluKtfXif9y6bbarYerhrt27KOKjgFZ+ACuOAatME96IAewGAGnsEreLNy68V6tz6WoxWr3DkBf2B9/gAEz5UY</latexit>xT

<latexit sha1_base64="2cRVoKhmQLa4pLLVXE7iIwITQx0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ7gO2UtI03cLSpCSpbJT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+s9JVKJSRcLJuQgQIowyklXU83IIJEExQEj/WB6V/j9JyIVFfxRzxPixWjMaUQx0kby7fooECxU89hc2Sz3Mzf37YbTdBaA68QtSQOU6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheG6WKJAhP0ZgMDeUoJsrLFtlzeG6UEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ11UwJ7uqX10nvsum2mq2Hq0b7tqyjCk7BGbgALrgGbXAPOqALMJiBZ/AK3qzcerHerY/laMUqd07AH1ifP8+RlPU=</latexit>x1
<latexit sha1_base64="7P8nPi3PyKx97uWByEU34Q+3j/U=">AAAB+3icbVDNS8MwHE39nPOrzqOX4BA8jXbI9Dj04nGC+4CtlDRNt7A0KUkqG6X/ihcPinj1H/Hmf2O69aCbD0Ie7/1+5OUFCaNKO863tbG5tb2zW9mr7h8cHh3bJ7WeEqnEpIsFE3IQIEUY5aSrqWZkkEiC4oCRfjC9K/z+E5GKCv6o5wnxYjTmNKIYaSP5dm0UCBaqeWyubJb7WTP37brTcBaA68QtSR2U6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheHaWKJAhP0ZgMDeUoJsrLFtlzeGGUEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ1VU0J7uqX10mv2XBbjdbDVb19W9ZRAWfgHFwCF1yDNrgHHdAFGMzAM3gFb1ZuvVjv1sdydMMqd07BH1ifP9EWlPY=</latexit>x2

<latexit sha1_base64="HqUdj+3MOpcbPSQXpYe9vYBqZYc=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MZlhb6gjWEymbRDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8mBKpbPvbKK2srq1vlDcrW9s7u3vm/kFX8kQg3EGcctH3ocSUMNxRRFHcjwWGkU9xz5/c5H7vAQtJOGuraYzdCI4YCQmCSkueeTT0OQ3kNNJfOs7u05pzlnlpO/PMql23Z7CWiVOQKijQ8syvYcBREmGmEIVSDhw7Vm4KhSKI4qwyTCSOIZrAER5oymCEpZvOLsisU60EVsiFfkxZM/V3RwojmS+pKyOoxnLRy8X/vEGiwis3JSxOFGZoPihMqKW4lcdhBURgpOhUE4gE0btaaAwFREqHVtEhOIsnL5Pued1p1Bt3F9XmdRFHGRyDE1ADDrgETXALWqADEHgEz+AVvBlPxovxbnzMS0tG0XMI/sD4/AHGn5cc</latexit>

h(1)
T

<latexit sha1_base64="PY3CIEm+apdFpS5uDtHGdAw4OkE=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xP3cy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCRcJb5</latexit>

h(1)
1

<latexit sha1_base64="UoBHZoND1pvzJ/o4IIqofNwlqzc=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xPncy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCP65b4</latexit>

h(1)
0

 …
<latexit sha1_base64="JJQdvuEXmpAjNu67AZ8qabhemog=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRahbkoiUl0W3bhwUaEvaGOYTCbt0MlMmJkIJcSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceP6ZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I3kiEG4jTrno+VBiShhuK6Io7sUCw8inuOuPr3O/+4CFJJy11CTGbgSHjIQEQaUlzzwc+JwGchLpLx1l92n19jTz0lbmmRW7Zk9hLRKnIBVQoOmZX4OAoyTCTCEKpew7dqzcFApFEMVZeZBIHEM0hkPc15TBCEs3nV6QWSdaCayQC/2Ysqbq744URjJfUldGUI3kvJeL/3n9RIWXbkpYnCjM0GxQmFBLcSuPwwqIwEjRiSYQCaJ3tdAICoiUDq2sQ3DmT14knbOaU6/V784rjasijhI4AsegChxwARrgBjRBGyDwCJ7BK3gznowX4934mJUuGUXPAfgD4/MH8C2XNw==</latexit>

h(L)
T

<latexit sha1_base64="i21KhtOhDowok0JhFaWoJ2+55d0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXupknlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uv6XFA==</latexit>

h(L)
1

<latexit sha1_base64="Y1pJy9XEZaMPEcM50lcKkFJs+eg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXmpnnlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uXmXEw==</latexit>

h(L)
0

<latexit sha1_base64="lfyx37GwMTI5yy4AhRENw6H2KVg=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nuDnYSknTdAtLk5KkYin9Kl48KOLVL+LNb2O69aCbD0Ie7/1+5OUFCaNKO863VVtb39jcqm83dnb39g/sw+ZAiVRi0seCCTkMkCKMctLXVDMyTCRBccDIQzC7Kf2HRyIVFfxeZwnxYjThNKIYaSP5dnMcCBaqLDZXnhV+7ha+3XLazhxwlbgVaYEKPd/+GocCpzHhGjOk1Mh1Eu3lSGqKGSka41SRBOEZmpCRoRzFRHn5PHsBT40SwkhIc7iGc/X3Ro5iVcYzkzHSU7XsleJ/3ijV0ZWXU56kmnC8eChKGdQClkXAkEqCNcsMQVhSkxXiKZIIa1NXw5TgLn95lQzO226n3bm7aHWvqzrq4BicgDPggkvQBbegB/oAgyfwDF7Bm1VYL9a79bEYrVnVzhH4A+vzB9EalPY=</latexit>y1
<latexit sha1_base64="brcu/w3VCSIJlT2cg6SDEVktMag=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRDpsehF48T3AdspaRpuoWlSUlScZT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQwQIowyklPU83IMJEExQEjg2B2W/iDRyIVFfxBzxPixWjCaUQx0kby7fo4ECxU89hc2Tz3s1bu2w2n6SwA14lbkgYo0fXtr3EocBoTrjFDSo1cJ9FehqSmmJG8Nk4VSRCeoQkZGcpRTJSXLbLn8NwoIYyENIdruFB/b2QoVkU8MxkjPVWrXiH+541SHV17GeVJqgnHy4eilEEtYFEEDKkkWLO5IQhLarJCPEUSYW3qqpkS3NUvr5N+q+m2m+37y0bnpqyjCk7BGbgALrgCHXAHuqAHMHgCz+AVvFm59WK9Wx/L0YpV7pyAP7A+fwDSn5T3</latexit>y2

<latexit sha1_base64="715VC4oxj79kfPA4N9S54tpjIY8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMzuCn/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VzXM/6+a+3XCazgJwnbglaYASHd/+GocCpzHhGjOk1Mh1Eu1lSGqKGclr41SRBOEZmpCRoRzFRHnZInsOz40SwkhIc7iGC/X3RoZiVcQzkzHSU7XqFeJ/3ijV0Y2XUZ6kmnC8fChKGdQCFkXAkEqCNZsbgrCkJivEUyQR1qauminBXf3yOulfNt1Ws/Vw1WjflnVUwSk4AxfABdegDe5BB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnDwZYlRk=</latexit>yT

<latexit sha1_base64="crcHMbtduDBs3d072Gis5gXDXlc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOOyQl/QxjCZTNqhk0mYmQglxI2/4saFIm79C3f+jZM2C209MMzhnHu59x4vZlQqy/o2VlbX1jc2S1vl7Z3dvX3z4LAro0Rg0sERi0TfQ5IwyklHUcVIPxYEhR4jPW9yk/u9ByIkjXhbTWPihGjEaUAxUlpyzeOhFzFfTkP9pePMTdvZfVqtn2euWbFq1gxwmdgFqYACLdf8GvoRTkLCFWZIyoFtxcpJkVAUM5KVh4kkMcITNCIDTTkKiXTS2QUZPNOKD4NI6McVnKm/O1IUynxJXRkiNZaLXi7+5w0SFVw5KeVxogjH80FBwqCKYB4H9KkgWLGpJggLqneFeIwEwkqHVtYh2IsnL5NuvWY3ao27i0rzuoijBE7AKagCG1yCJrgFLdABGDyCZ/AK3own48V4Nz7mpStG0XME/sD4/AHKx5cd</latexit>

h(2)
T

<latexit sha1_base64="3ItOYtykSxK73+BarBFyYiXF8SM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMS53sPq01zjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+Uxpb6</latexit>

h(2)
1

<latexit sha1_base64="KYr+Xszhry3gRfZ36VXgJGP9kZ4=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+IQ5mW0Q6bHoRePE9wHbLWkabqFpUlJUmHUHvxXvHhQxKv/hjf/G9OtB918EPJ47/cjL8+PKZHKtr+N0srq2vpGebOytb2zu2fuH3QlTwTCHcQpF30fSkwJwx1FFMX9WGAY+RT3/Ml17vcesJCEszs1jbEbwREjIUFQackzj4Y+p4GcRvpKx5ln36e1xlnmmVW7bs9gLROnIFVQoO2ZX8OAoyTCTCEKpRw4dqzcFApFEMVZZZhIHEM0gSM80JTBCEs3neXPrFOtBFbIhT5MWTP190YKI5lH1JMRVGO56OXif94gUeGlmxIWJwozNH8oTKiluJWXYQVEYKToVBOIBNFZLTSGAiKlK6voEpzFLy+TbqPuNOvN2/Nq66qoowyOwQmoAQdcgBa4AW3QAQg8gmfwCt6MJ+PFeDc+5qMlo9g5BH9gfP4AvUeV7Q==</latexit>

h(2)
0

<latexit sha1_base64="bFNOYg1bEWO415KzCkJ9fRseVjY=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePsPq05Z5mXNjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+S9Zb6</latexit>

h(1)
2

<latexit sha1_base64="86HeB3Z+wCdL7YoKae6qN4MmAqU=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMSxvZfVprnGWeWbXr9gzWMnEKUgUF2p75NQw4SiLMFKJQyoFjx8pNoVAEUZxVhonEMUQTOMIDTRmMsHTT2QWZdaqVwAq50I8pa6b+7khhJPMldWUE1Vguern4nzdIVHjppoTFicIMzQeFCbUUt/I4rIAIjBSdagKRIHpXC42hgEjp0Co6BGfx5GXSbdSdZr15e15tXRVxlMExOAE14IAL0AI3oA06AIFH8AxewZvxZLwY78bHvLRkFD2H4A+Mzx+WUZb7</latexit>

h(2)
2

<latexit sha1_base64="afLIz9nPHrk6tNPfuZonOB0Ax8U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOPCRQX7gDaGyWTSDp1MwsxEKCFu/BU3LhRx61+482+ctFlo64FhDufcy733eDGjUlnWt7G0vLK6tl7aKG9ube/smnv7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl646vc7z4QIWnE79QkJk6IhpwGFCOlJdc8HHgR8+Uk1F86yu7T6s1p5qb1zDUrVs2aAi4SuyAVUKDlml8DP8JJSLjCDEnZt61YOSkSimJGsvIgkSRGeIyGpK8pRyGRTjq9IIMnWvFhEAn9uIJT9XdHikKZL6krQ6RGct7Lxf+8fqKCCyelPE4U4Xg2KEgYVBHM44A+FQQrNtEEYUH1rhCPkEBY6dDKOgR7/uRF0qnX7EatcXtWaV4WcZTAETgGVWCDc9AE16AF2gCDR/AMXsGb8WS8GO/Gx6x0ySh6DsAfGJ8/vIOXFQ==</latexit>

h(L)
2

…

 …

 …

They inherit the same benefits as FNNs. 

Composition 
of nonlinear 
activations. . .

<latexit sha1_base64="L+6qTucM4s6hsKb9rJleg346ivQ=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXbisYB/QjiWTSdvQTDIkGbUM/Q83LhRx67+482/MtLPQ1gMhh3PuJScniDnTxnW/ncLK6tr6RnGztLW9s7tX3j9oaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjq8xvP1ClmRR3ZhJTP8JDwQaMYGOl+14geagnkb3Sp2m/XHGr7gxomXg5qUCORr/81QslSSIqDOFY667nxsZPsTKMcDot9RJNY0zGeEi7lgocUe2ns9RTdGKVEA2kskcYNFN/b6Q40lk0OxlhM9KLXib+53UTM7j0UybixFBB5g8NEo6MRFkFKGSKEsMnlmCimM2KyAgrTIwtqmRL8Ba/vExaZ1WvVq3dnlfq13kdRTiCYzgFDy6gDjfQgCYQUPAMr/DmPDovzrvzMR8tOPnOIfyB8/kDV3iTFg==</latexit>x

<latexit sha1_base64="ax9fBGJvU3I+QpyzyV0IVuECapE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgC5cV7APasWQymTY0kwxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDI4Zx7yckJEs60cd1vZ2V1bX1js7RV3t7Z3duvHBy2tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK9sMh1Uqm7NnQEtE68gVSjQHFS++qEkaUyFIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUoFjqv1slnqKTq0Sokgqe4RBM/X3RoZjnUezkzE2I73o5eJ/Xi810ZWfMZGkhgoyfyhKOTIS5RWgkClKDJ9YgoliNisiI6wwMbaosi3BW/zyMmmf17x6rX53UW3cFHWU4BhO4Aw8uIQG3EITWkBAwTO8wpvz5Lw4787HfHTFKXaO4A+czx9Y/ZMX</latexit>y

<latexit sha1_base64="8K2aT1u041sKmu52k9JRVKsyD0A=">AAAB/XicbVBLSwMxGMz6rPW1Pm5egkWol7IrUj0W9OCxgn1Au5ZsNtuGZpMlyQp1WfwrXjwo4tX/4c1/Y7bdg7YOhAwz30cm48eMKu0439bS8srq2nppo7y5tb2za+/tt5VIJCYtLJiQXR8pwignLU01I91YEhT5jHT88VXudx6IVFTwOz2JiRehIachxUgbaWAf9n3BAjWJzJWOsvu06p5mA7vi1Jwp4CJxC1IBBZoD+6sfCJxEhGvMkFI914m1lyKpKWYkK/cTRWKEx2hIeoZyFBHlpdP0GTwxSgBDIc3hGk7V3xspilQe0ExGSI/UvJeL/3m9RIeXXkp5nGjC8eyhMGFQC5hXAQMqCdZsYgjCkpqsEI+QRFibwsqmBHf+y4ukfVZz67X67XmlcV3UUQJH4BhUgQsuQAPcgCZoAQwewTN4BW/Wk/VivVsfs9Elq9g5AH9gff4AiZ2VSw==</latexit>

h(1)

<latexit sha1_base64="TIRY3GsYnsEVv7lpx25VF7LPw9Y=">AAAB/XicbVBLSwMxGMzWV62v9XHzEixCvZRdkeqxoAcPHirYB7RryWazbWg2WZKsUJfFv+LFgyJe/R/e/Dem7R60dSBkmPk+Mhk/ZlRpx/m2CkvLK6trxfXSxubW9o69u9dSIpGYNLFgQnZ8pAijnDQ11Yx0YklQ5DPS9keXE7/9QKSigt/pcUy8CA04DSlG2kh9+6DnCxaocWSudJjdp5Wbk6xvl52qMwVcJG5OyiBHo29/9QKBk4hwjRlSqus6sfZSJDXFjGSlXqJIjPAIDUjXUI4iorx0mj6Dx0YJYCikOVzDqfp7I0WRmgQ0kxHSQzXvTcT/vG6iwwsvpTxONOF49lCYMKgFnFQBAyoJ1mxsCMKSmqwQD5FEWJvCSqYEd/7Li6R1WnVr1drtWbl+lddRBIfgCFSAC85BHVyDBmgCDB7BM3gFb9aT9WK9Wx+z0YKV7+yDP7A+fwCyv5Vm</latexit>

h(L)

<latexit sha1_base64="PtfrYdAx1mEpQtg8+F2v6G130bc=">AAAB/XicbVBLSwMxGMzWV62v9XHzEixCvZTdItVjQQ8eK9gHtGvJZtM2NJssSVaoy+Jf8eJBEa/+D2/+G7PtHrR1IGSY+T4yGT9iVGnH+bYKK6tr6xvFzdLW9s7unr1/0FYilpi0sGBCdn2kCKOctDTVjHQjSVDoM9LxJ1eZ33kgUlHB7/Q0Il6IRpwOKUbaSAP7qO8LFqhpaK5knN4nldpZOrDLTtWZAS4TNydlkKM5sL/6gcBxSLjGDCnVc51IewmSmmJG0lI/ViRCeIJGpGcoRyFRXjJLn8JTowRwKKQ5XMOZ+nsjQaHKAprJEOmxWvQy8T+vF+vhpZdQHsWacDx/aBgzqAXMqoABlQRrNjUEYUlNVojHSCKsTWElU4K7+OVl0q5V3Xq1fnteblzndRTBMTgBFeCCC9AAN6AJWgCDR/AMXsGb9WS9WO/Wx3y0YOU7h+APrM8fiyOVTA==</latexit>

h(2)



What about linear RNNs, do they collapse?  No!

Linear RNN 
Linear map . . .. . . . . .. . .

…
<latexit sha1_base64="dCJvLL9xgCFUSdSbixFP2W7f1B0=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nbHOwlZKm6RaWJiVJZaP0q3jxoIhXv4g3v43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQgQIowyklPU83IIJEExQEjj8H0rvAfn4hUVPCunifEi9GY04hipI3k2/VRIFio5rG5slnuZ93ctxtO01kArhO3JA1QouPbX6NQ4DQmXGOGlBq6TqK9DElNMSN5bZQqkiA8RWMyNJSjmCgvW2TP4blRQhgJaQ7XcKH+3shQrIp4ZjJGeqJWvUL8zxumOrrxMsqTVBOOlw9FKYNawKIIGFJJsGZzQxCW1GSFeIIkwtrUVTMluKtfXif9y6bbarYerhrt27KOKjgFZ+ACuOAatME96IAewGAGnsEreLNy68V6tz6WoxWr3DkBf2B9/gAEz5UY</latexit>xT

<latexit sha1_base64="2cRVoKhmQLa4pLLVXE7iIwITQx0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ7gO2UtI03cLSpCSpbJT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+s9JVKJSRcLJuQgQIowyklXU83IIJEExQEj/WB6V/j9JyIVFfxRzxPixWjMaUQx0kby7fooECxU89hc2Sz3Mzf37YbTdBaA68QtSQOU6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheG6WKJAhP0ZgMDeUoJsrLFtlzeG6UEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ11UwJ7uqX10nvsum2mq2Hq0b7tqyjCk7BGbgALrgGbXAPOqALMJiBZ/AK3qzcerHerY/laMUqd07AH1ifP8+RlPU=</latexit>x1
<latexit sha1_base64="7P8nPi3PyKx97uWByEU34Q+3j/U=">AAAB+3icbVDNS8MwHE39nPOrzqOX4BA8jXbI9Dj04nGC+4CtlDRNt7A0KUkqG6X/ihcPinj1H/Hmf2O69aCbD0Ie7/1+5OUFCaNKO863tbG5tb2zW9mr7h8cHh3bJ7WeEqnEpIsFE3IQIEUY5aSrqWZkkEiC4oCRfjC9K/z+E5GKCv6o5wnxYjTmNKIYaSP5dm0UCBaqeWyubJb7WTP37brTcBaA68QtSR2U6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheHaWKJAhP0ZgMDeUoJsrLFtlzeGGUEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ1VU0J7uqX10mv2XBbjdbDVb19W9ZRAWfgHFwCF1yDNrgHHdAFGMzAM3gFb1ZuvVjv1sdydMMqd07BH1ifP9EWlPY=</latexit>x2

<latexit sha1_base64="HqUdj+3MOpcbPSQXpYe9vYBqZYc=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MZlhb6gjWEymbRDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8mBKpbPvbKK2srq1vlDcrW9s7u3vm/kFX8kQg3EGcctH3ocSUMNxRRFHcjwWGkU9xz5/c5H7vAQtJOGuraYzdCI4YCQmCSkueeTT0OQ3kNNJfOs7u05pzlnlpO/PMql23Z7CWiVOQKijQ8syvYcBREmGmEIVSDhw7Vm4KhSKI4qwyTCSOIZrAER5oymCEpZvOLsisU60EVsiFfkxZM/V3RwojmS+pKyOoxnLRy8X/vEGiwis3JSxOFGZoPihMqKW4lcdhBURgpOhUE4gE0btaaAwFREqHVtEhOIsnL5Pued1p1Bt3F9XmdRFHGRyDE1ADDrgETXALWqADEHgEz+AVvBlPxovxbnzMS0tG0XMI/sD4/AHGn5cc</latexit>

h(1)
T

<latexit sha1_base64="PY3CIEm+apdFpS5uDtHGdAw4OkE=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xP3cy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCRcJb5</latexit>

h(1)
1

<latexit sha1_base64="UoBHZoND1pvzJ/o4IIqofNwlqzc=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xPncy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCP65b4</latexit>

h(1)
0

 …
<latexit sha1_base64="JJQdvuEXmpAjNu67AZ8qabhemog=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRahbkoiUl0W3bhwUaEvaGOYTCbt0MlMmJkIJcSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceP6ZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I3kiEG4jTrno+VBiShhuK6Io7sUCw8inuOuPr3O/+4CFJJy11CTGbgSHjIQEQaUlzzwc+JwGchLpLx1l92n19jTz0lbmmRW7Zk9hLRKnIBVQoOmZX4OAoyTCTCEKpew7dqzcFApFEMVZeZBIHEM0hkPc15TBCEs3nV6QWSdaCayQC/2Ysqbq744URjJfUldGUI3kvJeL/3n9RIWXbkpYnCjM0GxQmFBLcSuPwwqIwEjRiSYQCaJ3tdAICoiUDq2sQ3DmT14knbOaU6/V784rjasijhI4AsegChxwARrgBjRBGyDwCJ7BK3gznowX4934mJUuGUXPAfgD4/MH8C2XNw==</latexit>

h(L)
T

<latexit sha1_base64="i21KhtOhDowok0JhFaWoJ2+55d0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXupknlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uv6XFA==</latexit>

h(L)
1

<latexit sha1_base64="Y1pJy9XEZaMPEcM50lcKkFJs+eg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXmpnnlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uXmXEw==</latexit>

h(L)
0

<latexit sha1_base64="lfyx37GwMTI5yy4AhRENw6H2KVg=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nuDnYSknTdAtLk5KkYin9Kl48KOLVL+LNb2O69aCbD0Ie7/1+5OUFCaNKO863VVtb39jcqm83dnb39g/sw+ZAiVRi0seCCTkMkCKMctLXVDMyTCRBccDIQzC7Kf2HRyIVFfxeZwnxYjThNKIYaSP5dnMcCBaqLDZXnhV+7ha+3XLazhxwlbgVaYEKPd/+GocCpzHhGjOk1Mh1Eu3lSGqKGSka41SRBOEZmpCRoRzFRHn5PHsBT40SwkhIc7iGc/X3Ro5iVcYzkzHSU7XsleJ/3ijV0ZWXU56kmnC8eChKGdQClkXAkEqCNcsMQVhSkxXiKZIIa1NXw5TgLn95lQzO226n3bm7aHWvqzrq4BicgDPggkvQBbegB/oAgyfwDF7Bm1VYL9a79bEYrVnVzhH4A+vzB9EalPY=</latexit>y1
<latexit sha1_base64="brcu/w3VCSIJlT2cg6SDEVktMag=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRDpsehF48T3AdspaRpuoWlSUlScZT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQwQIowyklPU83IMJEExQEjg2B2W/iDRyIVFfxBzxPixWjCaUQx0kby7fo4ECxU89hc2Tz3s1bu2w2n6SwA14lbkgYo0fXtr3EocBoTrjFDSo1cJ9FehqSmmJG8Nk4VSRCeoQkZGcpRTJSXLbLn8NwoIYyENIdruFB/b2QoVkU8MxkjPVWrXiH+541SHV17GeVJqgnHy4eilEEtYFEEDKkkWLO5IQhLarJCPEUSYW3qqpkS3NUvr5N+q+m2m+37y0bnpqyjCk7BGbgALrgCHXAHuqAHMHgCz+AVvFm59WK9Wx/L0YpV7pyAP7A+fwDSn5T3</latexit>y2

<latexit sha1_base64="715VC4oxj79kfPA4N9S54tpjIY8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMzuCn/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VzXM/6+a+3XCazgJwnbglaYASHd/+GocCpzHhGjOk1Mh1Eu1lSGqKGclr41SRBOEZmpCRoRzFRHnZInsOz40SwkhIc7iGC/X3RoZiVcQzkzHSU7XqFeJ/3ijV0Y2XUZ6kmnC8fChKGdQCFkXAkEqCNZsbgrCkJivEUyQR1qauminBXf3yOulfNt1Ws/Vw1WjflnVUwSk4AxfABdegDe5BB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnDwZYlRk=</latexit>yT

<latexit sha1_base64="crcHMbtduDBs3d072Gis5gXDXlc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOOyQl/QxjCZTNqhk0mYmQglxI2/4saFIm79C3f+jZM2C209MMzhnHu59x4vZlQqy/o2VlbX1jc2S1vl7Z3dvX3z4LAro0Rg0sERi0TfQ5IwyklHUcVIPxYEhR4jPW9yk/u9ByIkjXhbTWPihGjEaUAxUlpyzeOhFzFfTkP9pePMTdvZfVqtn2euWbFq1gxwmdgFqYACLdf8GvoRTkLCFWZIyoFtxcpJkVAUM5KVh4kkMcITNCIDTTkKiXTS2QUZPNOKD4NI6McVnKm/O1IUynxJXRkiNZaLXi7+5w0SFVw5KeVxogjH80FBwqCKYB4H9KkgWLGpJggLqneFeIwEwkqHVtYh2IsnL5NuvWY3ao27i0rzuoijBE7AKagCG1yCJrgFLdABGDyCZ/AK3own48V4Nz7mpStG0XME/sD4/AHKx5cd</latexit>

h(2)
T

<latexit sha1_base64="3ItOYtykSxK73+BarBFyYiXF8SM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMS53sPq01zjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+Uxpb6</latexit>

h(2)
1

<latexit sha1_base64="KYr+Xszhry3gRfZ36VXgJGP9kZ4=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+IQ5mW0Q6bHoRePE9wHbLWkabqFpUlJUmHUHvxXvHhQxKv/hjf/G9OtB918EPJ47/cjL8+PKZHKtr+N0srq2vpGebOytb2zu2fuH3QlTwTCHcQpF30fSkwJwx1FFMX9WGAY+RT3/Ml17vcesJCEszs1jbEbwREjIUFQackzj4Y+p4GcRvpKx5ln36e1xlnmmVW7bs9gLROnIFVQoO2ZX8OAoyTCTCEKpRw4dqzcFApFEMVZZZhIHEM0gSM80JTBCEs3neXPrFOtBFbIhT5MWTP190YKI5lH1JMRVGO56OXif94gUeGlmxIWJwozNH8oTKiluJWXYQVEYKToVBOIBNFZLTSGAiKlK6voEpzFLy+TbqPuNOvN2/Nq66qoowyOwQmoAQdcgBa4AW3QAQg8gmfwCt6MJ+PFeDc+5qMlo9g5BH9gfP4AvUeV7Q==</latexit>

h(2)
0

<latexit sha1_base64="bFNOYg1bEWO415KzCkJ9fRseVjY=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePsPq05Z5mXNjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+S9Zb6</latexit>

h(1)
2

<latexit sha1_base64="86HeB3Z+wCdL7YoKae6qN4MmAqU=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMSxvZfVprnGWeWbXr9gzWMnEKUgUF2p75NQw4SiLMFKJQyoFjx8pNoVAEUZxVhonEMUQTOMIDTRmMsHTT2QWZdaqVwAq50I8pa6b+7khhJPMldWUE1Vguern4nzdIVHjppoTFicIMzQeFCbUUt/I4rIAIjBSdagKRIHpXC42hgEjp0Co6BGfx5GXSbdSdZr15e15tXRVxlMExOAE14IAL0AI3oA06AIFH8AxewZvxZLwY78bHvLRkFD2H4A+Mzx+WUZb7</latexit>

h(2)
2

<latexit sha1_base64="afLIz9nPHrk6tNPfuZonOB0Ax8U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOPCRQX7gDaGyWTSDp1MwsxEKCFu/BU3LhRx61+482+ctFlo64FhDufcy733eDGjUlnWt7G0vLK6tl7aKG9ube/smnv7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl646vc7z4QIWnE79QkJk6IhpwGFCOlJdc8HHgR8+Uk1F86yu7T6s1p5qb1zDUrVs2aAi4SuyAVUKDlml8DP8JJSLjCDEnZt61YOSkSimJGsvIgkSRGeIyGpK8pRyGRTjq9IIMnWvFhEAn9uIJT9XdHikKZL6krQ6RGct7Lxf+8fqKCCyelPE4U4Xg2KEgYVBHM44A+FQQrNtEEYUH1rhCPkEBY6dDKOgR7/uRF0qnX7EatcXtWaV4WcZTAETgGVWCDc9AE16AF2gCDR/AMXsGb8WS8GO/Gx6x0ySh6DsAfGJ8/vIOXFQ==</latexit>

h(L)
2

…

 …

 …



<latexit sha1_base64="9far7RFGSE3TQzb1Kq9df+aGwrw="></latexit>

h(p)
t+p =


xt

xt+1

�

h(p�1)
t+p =


xt+1

xt+2

�

...

h(2)
t+p =


xt+p�2

xt+p�1

�

h(1)
t+p =


xt+p�1

xt+p

�
…

. . .
. . .

. . .
. . .

. . .

…

…

…

4

4

4

<latexit sha1_base64="8lbi3X5yxyyudd4b80/k0rorBFY=">AAAB+XicbVBPS8MwHE3nvzn/VT16CQ7B02hFpseBFw8eJrg52EpJ03QLS9OS/DocZd/EiwdFvPpNvPltTLcedPNByOO934+8vCAVXIPjfFuVtfWNza3qdm1nd2//wD486uokU5R1aCIS1QuIZoJL1gEOgvVSxUgcCPYYjG8K/3HClOaJfIBpyryYDCWPOCVgJN+2B0EiQj2NzZU/zXzw7brTcObAq8QtSR2VaPv21yBMaBYzCVQQrfuuk4KXEwWcCjarDTLNUkLHZMj6hkoSM+3l8+QzfGaUEEeJMkcCnqu/N3IS6yKcmYwJjPSyV4j/ef0Momsv5zLNgEm6eCjKBIYEFzXgkCtGQUwNIVRxkxXTEVGEgimrZkpwl7+8SroXDbfZaN5f1lt3ZR1VdIJO0Tly0RVqoVvURh1E0QQ9o1f0ZuXWi/VufSxGK1a5c4z+wPr8AWgBlDY=</latexit>xt
<latexit sha1_base64="1EGfPHD1lAzvMBuoxdFYZyIlF3s=">AAAB/XicbVBLSwMxGMzWV62v9XHzEiyCIJRdkeqx4MWDhwr2Ae2yZLNpG5pNliQr1mXxr3jxoIhX/4c3/43Zdg/aOhAyzHwfmUwQM6q043xbpaXlldW18nplY3Nre8fe3WsrkUhMWlgwIbsBUoRRTlqaaka6sSQoChjpBOOr3O/cE6mo4Hd6EhMvQkNOBxQjbSTfPugHgoVqEpkrfcj8VJ+6mW9XnZozBVwkbkGqoEDTt7/6ocBJRLjGDCnVc51YeymSmmJGsko/USRGeIyGpGcoRxFRXjpNn8Fjo4RwIKQ5XMOp+nsjRZHKA5rJCOmRmvdy8T+vl+jBpZdSHieacDx7aJAwqAXMq4AhlQRrNjEEYUlNVohHSCKsTWEVU4I7/+VF0j6rufVa/fa82rgp6iiDQ3AEToALLkADXIMmaAEMHsEzeAVv1pP1Yr1bH7PRklXs7IM/sD5/AB1llbI=</latexit>xt+1

<latexit sha1_base64="nTBslEcMMHlVnASZgaLValY2FPs=">AAAB/XicbVBLSwMxGMz6rPW1Pm5egkUQhLJbpHosePHgoYJ9QLss2Wy2Dc0mS5IV61L8K148KOLV/+HNf2O23YO2DoQMM99HJhMkjCrtON/W0vLK6tp6aaO8ubW9s2vv7beVSCUmLSyYkN0AKcIoJy1NNSPdRBIUB4x0gtFV7nfuiVRU8Ds9TogXowGnEcVIG8m3D/uBYKEax+bKHiZ+ps9qE9+uOFVnCrhI3IJUQIGmb3/1Q4HTmHCNGVKq5zqJ9jIkNcWMTMr9VJEE4REakJ6hHMVEedk0/QSeGCWEkZDmcA2n6u+NDMUqD2gmY6SHat7Lxf+8XqqjSy+jPEk14Xj2UJQyqAXMq4AhlQRrNjYEYUlNVoiHSCKsTWFlU4I7/+VF0q5V3Xq1fnteadwUdZTAETgGp8AFF6ABrkETtAAGj+AZvII368l6sd6tj9noklXsHIA/sD5/AB7qlbM=</latexit>xt+2
<latexit sha1_base64="2K17iB2TPsbyioGQWKrwgecpaPU=">AAAB/XicbVBLSwMxGMzWV62v9XHzEiyCIJRdkeqx4MWDhwr2Ae2yZLNpG5pNliQr1mXxr3jxoIhX/4c3/43Zdg/aOhAyzHwfmUwQM6q043xbpaXlldW18nplY3Nre8fe3WsrkUhMWlgwIbsBUoRRTlqaaka6sSQoChjpBOOr3O/cE6mo4Hd6EhMvQkNOBxQjbSTfPugHgoVqEpkrfcj8VJ/GmW9XnZozBVwkbkGqoEDTt7/6ocBJRLjGDCnVc51YeymSmmJGsko/USRGeIyGpGcoRxFRXjpNn8Fjo4RwIKQ5XMOp+nsjRZHKA5rJCOmRmvdy8T+vl+jBpZdSHieacDx7aJAwqAXMq4AhlQRrNjEEYUlNVohHSCKsTWEVU4I7/+VF0j6rufVa/fa82rgp6iiDQ3AEToALLkADXIMmaAEMHsEzeAVv1pP1Yr1bH7PRklXs7IM/sD5/AH0glfE=</latexit>xt+p

<latexit sha1_base64="thKAnzmJH9cHAl0u2c+8BSTyer0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFNy5cVLAPaMeSyaRtaCYZkoxahv6HGxeKuPVf3Pk3ZtpZaOuBkMM595KTE8ScaeO6305hZXVtfaO4Wdra3tndK+8ftLRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8VXmtx+o0kyKOzOJqR/hoWADRrCx0n0vkDzUk8he6dO0X664VXcGtEy8nFQgR6Nf/uqFkiQRFYZwrHXXc2Pjp1gZRjidlnqJpjEmYzykXUsFjqj201nqKTqxSogGUtkjDJqpvzdSHOksmp2MsBnpRS8T//O6iRlc+ikTcWKoIPOHBglHRqKsAhQyRYnhE0swUcxmRWSEFSbGFlWyJXiLX14mrbOqV6vWbs8r9Zu8jiIcwTGcggcXUIdraEATCCh4hld4cx6dF+fd+ZiPFpx85xD+wPn8AVngkx4=</latexit>x<latexit sha1_base64="+URZcNV42P16HVKGx72lqY/1D1E=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRqYKbohuXFawttEPJpJk2NPMguVMoQ//EjQtF3Pon7vwbM+0stPWQx+Gce8nN8RMpNDrOt1VaW9/Y3CpvV3Z29/YP7MOjJx2nivEWi2WsOj7VXIqIt1Cg5J1EcRr6krf98V3utydcaRFHjzhNuBfSYSQCwSgaqW/bSHo3+UrMYS63b1edmjMHWSVuQapQoNm3v3qDmKUhj5BJqnXXdRL0MqpQMMlnlV6qeULZmA5519CIhlx72XzyGTkzyoAEsTI7QjJXf3dkNNR6GvqmMqQ40steLv7ndVMMrr1MREmKPGKLh4JUEoxJHgMZCMUZyqkhlClhZiVsRBVlaMKqmBDc5S+vkqeLmluv1R8uq43bIo4ynMApnIMLV9CAe2hCCxhM4Ble4c3KrBfr3fpYlJasoucY/sD6/AEgcZFn</latexit>

t p 1

<latexit sha1_base64="joyCp1y1C+ACFFSVM98NrX8Sb5Y=">AAACGnicbZDLSgMxFIYzXmu9jbp0k7EIbiyTItWNUHDjwkUFe4FmKJk004ZmLiQZoZQ+hxtfxY0LRdyJG9/GtB2ptv4Q+PKfc0jO7yeCK+26X9bS8srq2npuI7+5tb2za+/t11WcSspqNBaxbPpEMcEjVtNcC9ZMJCOhL1jD71+N6417JhWPozs9SJgXkm7EA06JNlbbRlBg5xI7CYQQ458Ldk6xg2ZGaYaobRfcojsRXASUQQFkqrbtD9yJaRqySFNBlGohN9HekEjNqWCjPE4VSwjtky5rGYxIyJQ3nKw2gsfG6cAgluZEGk7c3xNDEio1CH3TGRLdU/O1sflfrZXq4MIb8ihJNYvo9KEgFVDHcJwT7HDJqBYDA4RKbv4KaY9IQrVJM29CQPMrL0K9VETlYvn2rFC5yeLIgUNwBE4AAuegAq5BFdQABQ/gCbyAV+vRerberPdp65KVzRyAP7I+vwGso5sZ</latexit>

l=p

l=p�1

l=2

l=1

<latexit sha1_base64="joyCp1y1C+ACFFSVM98NrX8Sb5Y=">AAACGnicbZDLSgMxFIYzXmu9jbp0k7EIbiyTItWNUHDjwkUFe4FmKJk004ZmLiQZoZQ+hxtfxY0LRdyJG9/GtB2ptv4Q+PKfc0jO7yeCK+26X9bS8srq2npuI7+5tb2za+/t11WcSspqNBaxbPpEMcEjVtNcC9ZMJCOhL1jD71+N6417JhWPozs9SJgXkm7EA06JNlbbRlBg5xI7CYQQ458Ldk6xg2ZGaYaobRfcojsRXASUQQFkqrbtD9yJaRqySFNBlGohN9HekEjNqWCjPE4VSwjtky5rGYxIyJQ3nKw2gsfG6cAgluZEGk7c3xNDEio1CH3TGRLdU/O1sflfrZXq4MIb8ihJNYvo9KEgFVDHcJwT7HDJqBYDA4RKbv4KaY9IQrVJM29CQPMrL0K9VETlYvn2rFC5yeLIgUNwBE4AAuegAq5BFdQABQ/gCbyAV+vRerberPdp65KVzRyAP7I+vwGso5sZ</latexit>

l=p

l=p�1

l=2

l=1<latexit sha1_base64="joyCp1y1C+ACFFSVM98NrX8Sb5Y=">AAACGnicbZDLSgMxFIYzXmu9jbp0k7EIbiyTItWNUHDjwkUFe4FmKJk004ZmLiQZoZQ+hxtfxY0LRdyJG9/GtB2ptv4Q+PKfc0jO7yeCK+26X9bS8srq2npuI7+5tb2za+/t11WcSspqNBaxbPpEMcEjVtNcC9ZMJCOhL1jD71+N6417JhWPozs9SJgXkm7EA06JNlbbRlBg5xI7CYQQ458Ldk6xg2ZGaYaobRfcojsRXASUQQFkqrbtD9yJaRqySFNBlGohN9HekEjNqWCjPE4VSwjtky5rGYxIyJQ3nKw2gsfG6cAgluZEGk7c3xNDEio1CH3TGRLdU/O1sflfrZXq4MIb8ihJNYvo9KEgFVDHcJwT7HDJqBYDA4RKbv4KaY9IQrVJM29CQPMrL0K9VETlYvn2rFC5yeLIgUNwBE4AAuegAq5BFdQABQ/gCbyAV+vRerberPdp65KVzRyAP7I+vwGso5sZ</latexit>

l=p

l=p�1

l=2

l=1

<latexit sha1_base64="joyCp1y1C+ACFFSVM98NrX8Sb5Y=">AAACGnicbZDLSgMxFIYzXmu9jbp0k7EIbiyTItWNUHDjwkUFe4FmKJk004ZmLiQZoZQ+hxtfxY0LRdyJG9/GtB2ptv4Q+PKfc0jO7yeCK+26X9bS8srq2npuI7+5tb2za+/t11WcSspqNBaxbPpEMcEjVtNcC9ZMJCOhL1jD71+N6417JhWPozs9SJgXkm7EA06JNlbbRlBg5xI7CYQQ458Ldk6xg2ZGaYaobRfcojsRXASUQQFkqrbtD9yJaRqySFNBlGohN9HekEjNqWCjPE4VSwjtky5rGYxIyJQ3nKw2gsfG6cAgluZEGk7c3xNDEio1CH3TGRLdU/O1sflfrZXq4MIb8ihJNYvo9KEgFVDHcJwT7HDJqBYDA4RKbv4KaY9IQrVJM29CQPMrL0K9VETlYvn2rFC5yeLIgUNwBE4AAuegAq5BFdQABQ/gCbyAV+vRerberPdp65KVzRyAP7I+vwGso5sZ</latexit>

l=p

l=p�1

l=2

l=1

<latexit sha1_base64="I/IJ3guBbRh/9Z/zOkkLeocrzxg=">AAAB8HicdVDLSgMxFM34rPVVdekmWARBHDK1HdtdwY0LFxXsQ9qhZNK0Dc1khiQjlqHgP7hxoYhbP8edf2OmraCiBy4czrmXe+/xI86URujDWlhcWl5Zzaxl1zc2t7ZzO7sNFcaS0DoJeShbPlaUM0HrmmlOW5GkOPA5bfqj89Rv3lKpWCiu9TiiXoAHgvUZwdpIN3fdRB9HJ86km8sju4yKqFKCyK4UHPfUTYmDiqUSdGw0RR7MUevm3ju9kMQBFZpwrFTbQZH2Eiw1I5xOsp1Y0QiTER7QtqECB1R5yfTgCTw0Sg/2Q2lKaDhVv08kOFBqHPimM8B6qH57qfiX1451v+wlTESxpoLMFvVjDnUI0+9hj0lKNB8bgolk5lZIhlhiok1GWRPC16fwf9Io2I5ru1fFfPXyfhZHBuyDA3AEHHAGquAC1EAdEBCAB/AEni1pPVov1uusdcGaR7gHfsB6+wTpGZDy</latexit>xt+p�1
<latexit sha1_base64="3hFavOl03IM+EpLj+GxQYUbbdaY=">AAAB7nicdVDLSgMxFM34rPVVdekmWARBGDLamba7ghsXLirYB7RDyaSZNjQzE5KMWIaCv+DGhSJu/R53/o3pQ1DRAxcO59zLvfcEgjOlEfqwlpZXVtfWcxv5za3tnd3C3n5TJakktEESnsh2gBXlLKYNzTSnbSEpjgJOW8HoYuq3bqlULIlv9FhQP8KDmIWMYG2k1l0v06di0isUke2iqlv1ILJLyC27FUM857yMEHRsNEMRLFDvFd67/YSkEY014VipjoOE9jMsNSOcTvLdVFGByQgPaMfQGEdU+dns3Ak8Nkofhok0FWs4U79PZDhSahwFpjPCeqh+e1PxL6+T6rDiZywWqaYxmS8KUw51Aqe/wz6TlGg+NgQTycytkAyxxESbhPImhK9P4f+keWY7nu1dl4q1q/t5HDlwCI7ACXBAGdTAJaiDBiBgBB7AE3i2hPVovViv89YlaxHhAfgB6+0TED2Qgw==</latexit>xt+p

<latexit sha1_base64="ghoYWcNM499Dd9tw/y8FLuxzQzY=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiAIwjCTxBm9Bbx48BDBLJAMoafTkzTpWeiuEcMQ8Be8eFDEq9/jzb+xswgq+qDg8V4VVfX8RHAFlvVh5JaWV1bX8uuFjc2t7Z3i7l5TxamkrEFjEcu2TxQTPGIN4CBYO5GMhL5gLX90MfVbt0wqHkc3ME6YF5JBxANOCWipddfL4KQ86RVLlulWnGq1jC3TcVy7bGviOhXr/BTbpjVDCS1Q7xXfu/2YpiGLgAqiVMe2EvAyIoFTwSaFbqpYQuiIDFhH04iETHnZ7NwJPtJKHwex1BUBnqnfJzISKjUOfd0ZEhiq395U/MvrpBCceRmPkhRYROeLglRgiPH0d9znklEQY00IlVzfiumQSEJBJ1TQIXx9iv8nzbJpO6ZzXS3Vru7nceTRATpEx8hGLqqhS1RHDUTRCD2gJ/RsJMaj8WK8zltzxiLCffQDxtsnr/6QRA==</latexit>xt+2

<latexit sha1_base64="Fb3ThSWMS0AkHJHMqIAF5OBDya0=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiCEJJSkiwLbly4qGAf0IYymU7boZNJmLkRSyj4C25cKOLW73Hn3zh9CCp64MLhnHu5954oFVyD43xYK6tr6xubha3i9s7u3n7p4LCpk0xR1qCJSFQ7IpoJLlkDOAjWThUjcSRYKxpfzPzWLVOaJ/IGJikLYzKUfMApASO17no5nLvTXqns2J5X8asOdmw/CALfMySoVoyGXduZo4yWqPdK791+QrOYSaCCaN1xnRTCnCjgVLBpsZtplhI6JkPWMVSSmOkwn587xadG6eNBokxJwHP1+0ROYq0ncWQ6YwIj/dubiX95nQwGQZhzmWbAJF0sGmQCQ4Jnv+M+V4yCmBhCqOLmVkxHRBEKJqGiCeHrU/w/aVZs17O962q5dnW/iKOAjtEJOkMu8lENXaI6aiCKxugBPaFnK7UerRfrddG6Yi0jPEI/YL19AsnskFY=</latexit>xt+1

<latexit sha1_base64="Fb3ThSWMS0AkHJHMqIAF5OBDya0=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiCEJJSkiwLbly4qGAf0IYymU7boZNJmLkRSyj4C25cKOLW73Hn3zh9CCp64MLhnHu5954oFVyD43xYK6tr6xubha3i9s7u3n7p4LCpk0xR1qCJSFQ7IpoJLlkDOAjWThUjcSRYKxpfzPzWLVOaJ/IGJikLYzKUfMApASO17no5nLvTXqns2J5X8asOdmw/CALfMySoVoyGXduZo4yWqPdK791+QrOYSaCCaN1xnRTCnCjgVLBpsZtplhI6JkPWMVSSmOkwn587xadG6eNBokxJwHP1+0ROYq0ncWQ6YwIj/dubiX95nQwGQZhzmWbAJF0sGmQCQ4Jnv+M+V4yCmBhCqOLmVkxHRBEKJqGiCeHrU/w/aVZs17O962q5dnW/iKOAjtEJOkMu8lENXaI6aiCKxugBPaFnK7UerRfrddG6Yi0jPEI/YL19AsnskFY=</latexit>xt+1

<latexit sha1_base64="mYdM3PcTqZ69koxAs2BgPWCbx1I=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8Ldm2bttbwYsHDxXcttAuJZumbWg2uyRZsSwF/4EXD4p49Qd589+YbSuo6IOBx3szzMwLYs6URujDWlldW9/YzG3lt3d29/YLB4ctFSWSUI9EPJKdACvKmaCeZprTTiwpDgNO28HkIvPbt1QqFokbPY2pH+KRYENGsDaSd9dP9axfKCLbRefVcgkiu4Lq1XotIy5yyi50bDRHESzR7Bfee4OIJCEVmnCsVNdBsfZTLDUjnM7yvUTRGJMJHtGuoQKHVPnp/NgZPDXKAA4jaUpoOFe/T6Q4VGoaBqYzxHqsfnuZ+JfXTfSw5qdMxImmgiwWDRMOdQSzz+GASUo0nxqCiWTmVkjGWGKiTT55E8LXp/B/0irZjmu715Vi4+p+EUcOHIMTcAYcUAUNcAmawAMEMPAAnsCzJaxH68V6XbSuWMsIj8APWG+f1oiP1A==</latexit>xt

What about linear RNNs, do they collapse?  No!

Deep linear RNNs are 
strictly more expressive 

than shallow ones. 

Depth increases memory 
capacity 

And it does so efficiently!



Linear RNN 
Linear map . . .. . . . . .. . .

…
<latexit sha1_base64="dCJvLL9xgCFUSdSbixFP2W7f1B0=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nbHOwlZKm6RaWJiVJZaP0q3jxoIhXv4g3v43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQgQIowyklPU83IIJEExQEjj8H0rvAfn4hUVPCunifEi9GY04hipI3k2/VRIFio5rG5slnuZ93ctxtO01kArhO3JA1QouPbX6NQ4DQmXGOGlBq6TqK9DElNMSN5bZQqkiA8RWMyNJSjmCgvW2TP4blRQhgJaQ7XcKH+3shQrIp4ZjJGeqJWvUL8zxumOrrxMsqTVBOOlw9FKYNawKIIGFJJsGZzQxCW1GSFeIIkwtrUVTMluKtfXif9y6bbarYerhrt27KOKjgFZ+ACuOAatME96IAewGAGnsEreLNy68V6tz6WoxWr3DkBf2B9/gAEz5UY</latexit>xT

<latexit sha1_base64="2cRVoKhmQLa4pLLVXE7iIwITQx0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ7gO2UtI03cLSpCSpbJT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+s9JVKJSRcLJuQgQIowyklXU83IIJEExQEj/WB6V/j9JyIVFfxRzxPixWjMaUQx0kby7fooECxU89hc2Sz3Mzf37YbTdBaA68QtSQOU6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheG6WKJAhP0ZgMDeUoJsrLFtlzeG6UEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ11UwJ7uqX10nvsum2mq2Hq0b7tqyjCk7BGbgALrgGbXAPOqALMJiBZ/AK3qzcerHerY/laMUqd07AH1ifP8+RlPU=</latexit>x1
<latexit sha1_base64="7P8nPi3PyKx97uWByEU34Q+3j/U=">AAAB+3icbVDNS8MwHE39nPOrzqOX4BA8jXbI9Dj04nGC+4CtlDRNt7A0KUkqG6X/ihcPinj1H/Hmf2O69aCbD0Ie7/1+5OUFCaNKO863tbG5tb2zW9mr7h8cHh3bJ7WeEqnEpIsFE3IQIEUY5aSrqWZkkEiC4oCRfjC9K/z+E5GKCv6o5wnxYjTmNKIYaSP5dm0UCBaqeWyubJb7WTP37brTcBaA68QtSR2U6Pj21ygUOI0J15ghpYauk2gvQ1JTzEheHaWKJAhP0ZgMDeUoJsrLFtlzeGGUEEZCmsM1XKi/NzIUqyKemYyRnqhVrxD/84apjm68jPIk1YTj5UNRyqAWsCgChlQSrNncEIQlNVkhniCJsDZ1VU0J7uqX10mv2XBbjdbDVb19W9ZRAWfgHFwCF1yDNrgHHdAFGMzAM3gFb1ZuvVjv1sdydMMqd07BH1ifP9EWlPY=</latexit>x2

<latexit sha1_base64="HqUdj+3MOpcbPSQXpYe9vYBqZYc=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MZlhb6gjWEymbRDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nv8mBKpbPvbKK2srq1vlDcrW9s7u3vm/kFX8kQg3EGcctH3ocSUMNxRRFHcjwWGkU9xz5/c5H7vAQtJOGuraYzdCI4YCQmCSkueeTT0OQ3kNNJfOs7u05pzlnlpO/PMql23Z7CWiVOQKijQ8syvYcBREmGmEIVSDhw7Vm4KhSKI4qwyTCSOIZrAER5oymCEpZvOLsisU60EVsiFfkxZM/V3RwojmS+pKyOoxnLRy8X/vEGiwis3JSxOFGZoPihMqKW4lcdhBURgpOhUE4gE0btaaAwFREqHVtEhOIsnL5Pued1p1Bt3F9XmdRFHGRyDE1ADDrgETXALWqADEHgEz+AVvBlPxovxbnzMS0tG0XMI/sD4/AHGn5cc</latexit>

h(1)
T

<latexit sha1_base64="PY3CIEm+apdFpS5uDtHGdAw4OkE=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xP3cy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCRcJb5</latexit>

h(1)
1

<latexit sha1_base64="UoBHZoND1pvzJ/o4IIqofNwlqzc=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZkeqy6MZlBfuAdhwyaaYNzSRDkhHKMG78FTcuFHHrX7jzb8y0s9DWAyGHc+7l3nuCmFGlHefbWlpeWV1bL22UN7e2d3btvf22EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+zv3OA5GKCn6nJzHxIjTkNKQYaSP59mE/EGygJpH50lF2n1bd08xPncy3K07NmQIuErcgFVCg6dtf/YHASUS4xgwp1XOdWHspkppiRrJyP1EkRniMhqRnKEcRUV46vSCDJ0YZwFBI87iGU/V3R4oilS9pKiOkR2rey8X/vF6iw0svpTxONOF4NihMGNQC5nHAAZUEazYxBGFJza4Qj5BEWJvQyiYEd/7kRdI+q7n1Wv32vNK4KuIogSNwDKrABRegAW5AE7QABo/gGbyCN+vJerHerY9Z6ZJV9ByAP7A+fwCP65b4</latexit>

h(1)
0

 …
<latexit sha1_base64="JJQdvuEXmpAjNu67AZ8qabhemog=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRahbkoiUl0W3bhwUaEvaGOYTCbt0MlMmJkIJcSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceP6ZEKtv+NpaWV1bX1ksb5c2t7Z1dc2+/I3kiEG4jTrno+VBiShhuK6Io7sUCw8inuOuPr3O/+4CFJJy11CTGbgSHjIQEQaUlzzwc+JwGchLpLx1l92n19jTz0lbmmRW7Zk9hLRKnIBVQoOmZX4OAoyTCTCEKpew7dqzcFApFEMVZeZBIHEM0hkPc15TBCEs3nV6QWSdaCayQC/2Ysqbq744URjJfUldGUI3kvJeL/3n9RIWXbkpYnCjM0GxQmFBLcSuPwwqIwEjRiSYQCaJ3tdAICoiUDq2sQ3DmT14knbOaU6/V784rjasijhI4AsegChxwARrgBjRBGyDwCJ7BK3gznowX4934mJUuGUXPAfgD4/MH8C2XNw==</latexit>

h(L)
T

<latexit sha1_base64="i21KhtOhDowok0JhFaWoJ2+55d0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXupknlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uv6XFA==</latexit>

h(L)
1

<latexit sha1_base64="Y1pJy9XEZaMPEcM50lcKkFJs+eg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqy6MaFiwr2AW0Mk8mkHTqZCTMToYS48VfcuFDErX/hzr9x0mahrQeGOZxzL/fe48eUSGXb30ZpaXllda28XtnY3NreMXf3OpInAuE24pSLng8lpoThtiKK4l4sMIx8irv++Cr3uw9YSMLZnZrE2I3gkJGQIKi05JkHA5/TQE4i/aWj7D6t3ZxkXmpnnlm16/YU1iJxClIFBVqe+TUIOEoizBSiUMq+Y8fKTaFQBFGcVQaJxDFEYzjEfU0ZjLB00+kFmXWslcAKudCPKWuq/u5IYSTzJXVlBNVIznu5+J/XT1R44aaExYnCDM0GhQm1FLfyOKyACIwUnWgCkSB6VwuNoIBI6dAqOgRn/uRF0jmtO4164/as2rws4iiDQ3AEasAB56AJrkELtAECj+AZvII348l4Md6Nj1lpySh69sEfGJ8/uXmXEw==</latexit>

h(L)
0

<latexit sha1_base64="lfyx37GwMTI5yy4AhRENw6H2KVg=">AAAB+3icbVBPS8MwHE3nvzn/1Xn0EhyCp9GKTI9DLx4nuDnYSknTdAtLk5KkYin9Kl48KOLVL+LNb2O69aCbD0Ie7/1+5OUFCaNKO863VVtb39jcqm83dnb39g/sw+ZAiVRi0seCCTkMkCKMctLXVDMyTCRBccDIQzC7Kf2HRyIVFfxeZwnxYjThNKIYaSP5dnMcCBaqLDZXnhV+7ha+3XLazhxwlbgVaYEKPd/+GocCpzHhGjOk1Mh1Eu3lSGqKGSka41SRBOEZmpCRoRzFRHn5PHsBT40SwkhIc7iGc/X3Ro5iVcYzkzHSU7XsleJ/3ijV0ZWXU56kmnC8eChKGdQClkXAkEqCNcsMQVhSkxXiKZIIa1NXw5TgLn95lQzO226n3bm7aHWvqzrq4BicgDPggkvQBbegB/oAgyfwDF7Bm1VYL9a79bEYrVnVzhH4A+vzB9EalPY=</latexit>y1
<latexit sha1_base64="brcu/w3VCSIJlT2cg6SDEVktMag=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRDpsehF48T3AdspaRpuoWlSUlScZT+K148KOLVf8Sb/43p1oNuPgh5vPf7kZcXJIwq7TjfVmVjc2t7p7pb29s/ODyyj+t9JVKJSQ8LJuQwQIowyklPU83IMJEExQEjg2B2W/iDRyIVFfxBzxPixWjCaUQx0kby7fo4ECxU89hc2Tz3s1bu2w2n6SwA14lbkgYo0fXtr3EocBoTrjFDSo1cJ9FehqSmmJG8Nk4VSRCeoQkZGcpRTJSXLbLn8NwoIYyENIdruFB/b2QoVkU8MxkjPVWrXiH+541SHV17GeVJqgnHy4eilEEtYFEEDKkkWLO5IQhLarJCPEUSYW3qqpkS3NUvr5N+q+m2m+37y0bnpqyjCk7BGbgALrgCHXAHuqAHMHgCz+AVvFm59WK9Wx/L0YpV7pyAP7A+fwDSn5T3</latexit>y2

<latexit sha1_base64="715VC4oxj79kfPA4N9S54tpjIY8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi0+PQi8cJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMzuCn/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VzXM/6+a+3XCazgJwnbglaYASHd/+GocCpzHhGjOk1Mh1Eu1lSGqKGclr41SRBOEZmpCRoRzFRHnZInsOz40SwkhIc7iGC/X3RoZiVcQzkzHSU7XqFeJ/3ijV0Y2XUZ6kmnC8fChKGdQCFkXAkEqCNZsbgrCkJivEUyQR1qauminBXf3yOulfNt1Ws/Vw1WjflnVUwSk4AxfABdegDe5BB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnDwZYlRk=</latexit>yT

<latexit sha1_base64="crcHMbtduDBs3d072Gis5gXDXlc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOOyQl/QxjCZTNqhk0mYmQglxI2/4saFIm79C3f+jZM2C209MMzhnHu59x4vZlQqy/o2VlbX1jc2S1vl7Z3dvX3z4LAro0Rg0sERi0TfQ5IwyklHUcVIPxYEhR4jPW9yk/u9ByIkjXhbTWPihGjEaUAxUlpyzeOhFzFfTkP9pePMTdvZfVqtn2euWbFq1gxwmdgFqYACLdf8GvoRTkLCFWZIyoFtxcpJkVAUM5KVh4kkMcITNCIDTTkKiXTS2QUZPNOKD4NI6McVnKm/O1IUynxJXRkiNZaLXi7+5w0SFVw5KeVxogjH80FBwqCKYB4H9KkgWLGpJggLqneFeIwEwkqHVtYh2IsnL5NuvWY3ao27i0rzuoijBE7AKagCG1yCJrgFLdABGDyCZ/AK3own48V4Nz7mpStG0XME/sD4/AHKx5cd</latexit>

h(2)
T

<latexit sha1_base64="3ItOYtykSxK73+BarBFyYiXF8SM=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMS53sPq01zjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+Uxpb6</latexit>

h(2)
1

<latexit sha1_base64="KYr+Xszhry3gRfZ36VXgJGP9kZ4=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+IQ5mW0Q6bHoRePE9wHbLWkabqFpUlJUmHUHvxXvHhQxKv/hjf/G9OtB918EPJ47/cjL8+PKZHKtr+N0srq2vpGebOytb2zu2fuH3QlTwTCHcQpF30fSkwJwx1FFMX9WGAY+RT3/Ml17vcesJCEszs1jbEbwREjIUFQackzj4Y+p4GcRvpKx5ln36e1xlnmmVW7bs9gLROnIFVQoO2ZX8OAoyTCTCEKpRw4dqzcFApFEMVZZZhIHEM0gSM80JTBCEs3neXPrFOtBFbIhT5MWTP190YKI5lH1JMRVGO56OXif94gUeGlmxIWJwozNH8oTKiluJWXYQVEYKToVBOIBNFZLTSGAiKlK6voEpzFLy+TbqPuNOvN2/Nq66qoowyOwQmoAQdcgBa4AW3QAQg8gmfwCt6MJ+PFeDc+5qMlo9g5BH9gfP4AvUeV7Q==</latexit>

h(2)
0

<latexit sha1_base64="bFNOYg1bEWO415KzCkJ9fRseVjY=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePsPq05Z5mXNjLPrNp1ewZrmTgFqYICbc/8GgYcJRFmClEo5cCxY+WmUCiCKM4qw0TiGKIJHOGBpgxGWLrp7ILMOtVKYIVc6MeUNVN/d6QwkvmSujKCaiwXvVz8zxskKrx0U8LiRGGG5oPChFqKW3kcVkAERopONYFIEL2rhcZQQKR0aBUdgrN48jLpNupOs968Pa+2roo4yuAYnIAacMAFaIEb0AYdgMAjeAav4M14Ml6Md+NjXloyip5D8AfG5w+S9Zb6</latexit>

h(1)
2

<latexit sha1_base64="86HeB3Z+wCdL7YoKae6qN4MmAqU=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVOSItVl0Y3LCvYBbQyTyaQdOpkJMxOhhLjxV9y4UMStf+HOv3HSZqGtB4Y5nHMv997jx5RIZdvfRmlldW19o7xZ2dre2d0z9w+6kicC4Q7ilIu+DyWmhOGOIorifiwwjHyKe/7kOvd7D1hIwtmdmsbYjeCIkZAgqLTkmUdDn9NATiP9pePMSxvZfVprnGWeWbXr9gzWMnEKUgUF2p75NQw4SiLMFKJQyoFjx8pNoVAEUZxVhonEMUQTOMIDTRmMsHTT2QWZdaqVwAq50I8pa6b+7khhJPMldWUE1Vguern4nzdIVHjppoTFicIMzQeFCbUUt/I4rIAIjBSdagKRIHpXC42hgEjp0Co6BGfx5GXSbdSdZr15e15tXRVxlMExOAE14IAL0AI3oA06AIFH8AxewZvxZLwY78bHvLRkFD2H4A+Mzx+WUZb7</latexit>

h(2)
2

<latexit sha1_base64="afLIz9nPHrk6tNPfuZonOB0Ax8U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSkSHVZdOPCRQX7gDaGyWTSDp1MwsxEKCFu/BU3LhRx61+482+ctFlo64FhDufcy733eDGjUlnWt7G0vLK6tl7aKG9ube/smnv7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl646vc7z4QIWnE79QkJk6IhpwGFCOlJdc8HHgR8+Uk1F86yu7T6s1p5qb1zDUrVs2aAi4SuyAVUKDlml8DP8JJSLjCDEnZt61YOSkSimJGsvIgkSRGeIyGpK8pRyGRTjq9IIMnWvFhEAn9uIJT9XdHikKZL6krQ6RGct7Lxf+8fqKCCyelPE4U4Xg2KEgYVBHM44A+FQQrNtEEYUH1rhCPkEBY6dDKOgR7/uRF0qnX7EatcXtWaV4WcZTAETgGVWCDc9AE16AF2gCDR/AMXsGb8WS8GO/Gx6x0ySh6DsAfGJ8/vIOXFQ==</latexit>

h(L)
2

Linear 2RNN 
Polynomial of degree     l  

…

 …

 …

Is it the same for 2RNNs?  No, there is more!
Depth broadens the class of functions 2RNNs can represent.

We are far from the shallow now …



<latexit sha1_base64="39HdOaJHqfJ0Od+OZpWp8jJ4p6w=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVckWga0sBEimAckIcxObpIhs7PLzN1gWNLb+Cs2ForY+gN2/o2zSQpNPDBwOOdc7tzjR1IYdN1vZ2V1bX1jM7OV3d7Z3dvPHRzWTBhrDlUeylA3fGZACgVVFCihEWlggS+h7g+vUr8+Am1EqO5xHEE7YH0leoIztFInl28hPGByG0sUdl8qj4AKhaAZTyNm0skV3KI7BV0m3pwUyByVTu6r1Q15HIBCLpkxTc+NsJ0wjYJLmGRbsYGI8SHrQ9NSxQIw7WR6y4SeWKVLe6G2TyGdqr8nEhYYMw58mwwYDsyil4r/ec0Ye5ftRKgoRlB8tqgXS4ohTYuhXaGBoxxbwrgW9q+UD1jagq0va0vwFk9eJrWzolcqlu7OC+XreR0Zckzy5JR45IKUyQ2pkCrh5JE8k1fy5jw5L8678zGLrjjzmSPyB87nD7oSnCQ=</latexit>

Multiplicative interactions

<latexit sha1_base64="2HbFojXttm7JgF0g0SzSB5Cmcd8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjwoMeK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8jgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcQw42w</latexit>x1
<latexit sha1_base64="YrMeOQYhu6CR04cgkt5P130e5so=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHgQY8V7Ae0oWy2k3bp7ibsbsRS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O2vrG5tb24Wd4u7e/sFh6ei4ZaJEM2yySES6E1CDgitsWm4FdmKNVAYC28H4JvPbj6gNj9SDncToSzpUPOSM2kx66leL/VLZrbhzkFXi5aQMORr90ldvELFEorJMUGO6nhtbf0q15UzgrNhLDMaUjekQuylVVKLxp/NbZ+Q8VQYkjHRaypK5+ntiSqUxExmknZLakVn2MvE/r5vY8NqfchUnFhVbLAoTQWxEssfJgGtkVkxSQpnm6a2EjaimzKbxZCF4yy+vkla14tUqtfvLcv02j6MAp3AGF+DBFdThDhrQBAYjeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwBHYI3F</latexit>x2

<latexit sha1_base64="xMqFwvQbhk0qbYXlSeqAkgufi3E=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KolK9VjwoMcK9gPaUDbbSbt0dxN2N2Ip/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiGTZYJCLdDqhBwRU2LLcC27FGKgOBrWB0k/mtR9SGR+rBjmP0JR0oHnJGbSY99S6KvVLZrbgzkGXi5aQMOeq90le3H7FEorJMUGM6nhtbf0K15UzgtNhNDMaUjegAOylVVKLxJ7Nbp+Q0VfokjHRaypKZ+ntiQqUxYxmknZLaoVn0MvE/r5PY8NqfcBUnFhWbLwoTQWxEssdJn2tkVoxTQpnm6a2EDammzKbxZCF4iy8vk+Z5xatWqveX5dptHkcBjuEEzsCDK6jBHdShAQyG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBI5Y3G</latexit>x3
<latexit sha1_base64="64dEikzLGHVExDGoung9W6RYFGU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCBz1WsB/QhrLZTtqlu5uwuxFL6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSy4sa777RTW1jc2t4rbpZ3dvf2D8uFRy0SJZthkkYh0J6AGBVfYtNwK7MQaqQwEtoPxTea3H1EbHqkHO4nRl3SoeMgZtZn01L8s9csVt+rOQVaJl5MK5Gj0y1+9QcQSicoyQY3pem5s/SnVljOBs1IvMRhTNqZD7KZUUYnGn85vnZGzVBmQMNJpKUvm6u+JKZXGTGSQdkpqR2bZy8T/vG5iw2t/ylWcWFRssShMBLERyR4nA66RWTFJCWWap7cSNqKaMpvGk4XgLb+8SloXVa9Wrd1fVuq3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsjnRfn3flYtBacfOYY/sD5/AFKao3H</latexit>x4

<latexit sha1_base64="2HbFojXttm7JgF0g0SzSB5Cmcd8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjwoMeK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8jgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcQw42w</latexit>x1
<latexit sha1_base64="YrMeOQYhu6CR04cgkt5P130e5so=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHgQY8V7Ae0oWy2k3bp7ibsbsRS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O2vrG5tb24Wd4u7e/sFh6ei4ZaJEM2yySES6E1CDgitsWm4FdmKNVAYC28H4JvPbj6gNj9SDncToSzpUPOSM2kx66leL/VLZrbhzkFXi5aQMORr90ldvELFEorJMUGO6nhtbf0q15UzgrNhLDMaUjekQuylVVKLxp/NbZ+Q8VQYkjHRaypK5+ntiSqUxExmknZLakVn2MvE/r5vY8NqfchUnFhVbLAoTQWxEssfJgGtkVkxSQpnm6a2EjaimzKbxZCF4yy+vkla14tUqtfvLcv02j6MAp3AGF+DBFdThDhrQBAYjeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwBHYI3F</latexit>x2

<latexit sha1_base64="xMqFwvQbhk0qbYXlSeqAkgufi3E=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KolK9VjwoMcK9gPaUDbbSbt0dxN2N2Ip/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiGTZYJCLdDqhBwRU2LLcC27FGKgOBrWB0k/mtR9SGR+rBjmP0JR0oHnJGbSY99S6KvVLZrbgzkGXi5aQMOeq90le3H7FEorJMUGM6nhtbf0K15UzgtNhNDMaUjegAOylVVKLxJ7Nbp+Q0VfokjHRaypKZ+ntiQqUxYxmknZLaoVn0MvE/r5PY8NqfcBUnFhWbLwoTQWxEssdJn2tkVoxTQpnm6a2EDammzKbxZCF4iy8vk+Z5xatWqveX5dptHkcBjuEEzsCDK6jBHdShAQyG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBI5Y3G</latexit>x3
<latexit sha1_base64="64dEikzLGHVExDGoung9W6RYFGU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCBz1WsB/QhrLZTtqlu5uwuxFL6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSy4sa777RTW1jc2t4rbpZ3dvf2D8uFRy0SJZthkkYh0J6AGBVfYtNwK7MQaqQwEtoPxTea3H1EbHqkHO4nRl3SoeMgZtZn01L8s9csVt+rOQVaJl5MK5Gj0y1+9QcQSicoyQY3pem5s/SnVljOBs1IvMRhTNqZD7KZUUYnGn85vnZGzVBmQMNJpKUvm6u+JKZXGTGSQdkpqR2bZy8T/vG5iw2t/ylWcWFRssShMBLERyR4nA66RWTFJCWWap7cSNqKaMpvGk4XgLb+8SloXVa9Wrd1fVuq3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsjnRfn3flYtBacfOYY/sD5/AFKao3H</latexit>x4

<latexit sha1_base64="4IRbcDIAEeFoi4TjoJdqpAkEKqU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtUj0WPOixgv2QdlmyabYNTbJLkpWW0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4c3Mbz1RpVksH8w4ob7AfckiRrCx0uMo8EZBZRRcBMWSW3bnQKvEy0gJMtSD4le3F5NUUGkIx1p3PDcx/gQrwwin00I31TTBZIj7tGOpxIJqfzI/eIrOrNJDUaxsSYPm6u+JCRZaj0VoOwU2A73szcT/vE5qomt/wmSSGirJYlGUcmRiNPse9ZiixPCxJZgoZm9FZIAVJsZmVLAheMsvr5JmpexVy9X7y1LtNosjDydwCufgwRXU4A7q0AACAp7hFd4c5bw4787HojXnZDPH8AfO5w8fQo//</latexit>x1x2x3
<latexit sha1_base64="ctgiBXJpxapGmEq8smmQjbS+Ctw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqR4LHvRYwX5AG8Jmu2mXbjZhdyMpoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1J7dzv/tEpWKReNTTmLohHgkWMIK1kQap56ReLfWuUq/ulSt21V4ArRMnJxXI0fLKX4NhRJKQCk04Vqrv2LF2Myw1I5zOSoNE0RiTCR7RvqECh1S52eLmGbowyhAFkTQlNFqovycyHCo1DX3TGWI9VqveXPzP6yc6uHEzJuJEU0GWi4KEIx2heQBoyCQlmk8NwUQycysiYywx0SamkgnBWX15nXRqVadRbTzUK827PI4inME5XIID19CEe2hBGwjE8Ayv8GYl1ov1bn0sWwtWPnMKf2B9/gAtjpEo</latexit>x1x2x3x4

<latexit sha1_base64="5VUxn/giNFWZKeL+iMk58B0cQOQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqseCBz1WsB/QLks2zbax2WRJstKy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777aytb2xubRd2irt7+weHpaPjlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4upn57SeqNJPiwUwS6sd4IFjECDZWao0DbxxUg1LZrbhzoFXi5aQMORpB6avXlySNqTCEY627npsYP8PKMMLptNhLNU0wGeEB7VoqcEy1n82vnaJzq/RRJJUtYdBc/T2R4VjrSRzazhiboV72ZuJ/Xjc10bWfMZGkhgqyWBSlHBmJZq+jPlOUGD6xBBPF7K2IDLHCxNiAijYEb/nlVdKqVrxapXZ/Wa7f5nEU4BTO4AI8uII63EEDmkDgEZ7hFd4c6bw4787HonXNyWdO4A+czx8Vqo7X</latexit>x1x2
<latexit sha1_base64="2HbFojXttm7JgF0g0SzSB5Cmcd8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjwoMeK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8jgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcQw42w</latexit>x1

<latexit sha1_base64="7reObiMlsRheFpF5ixADCEPaoPM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIVI9FLx4r2FpoQtlsN+3SzSbsTkpLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgkRwDY7zbZU2Nre2d8q7lb39g8Mj+7ja0XGqKGvTWMSqGxDNBJesDRwE6yaKkSgQ7CkY3839pwlTmsfyEWYJ8yMylDzklICR+nbVAzaFbMIJzrGn+TAifbvm1J0F8DpxC1JDBVp9+8sbxDSNmAQqiNY910nAz4gCTgXLK16qWULomAxZz1BJIqb9bHF7js+NMsBhrExJwAv190RGIq1nUWA6IwIjverNxf+8XgrhjZ9xmaTAJF0uClOBIcbzIPCAK0ZBzAwhVHFzK6YjoggFE1fFhOCuvrxOOpd1t1FvPFzVmrdFHGV0is7QBXLRNWqie9RCbUTRFD2jV/Rm5daL9W59LFtLVjFzgv7A+vwBA2iUcA==</latexit>

via �

<latexit sha1_base64="2HbFojXttm7JgF0g0SzSB5Cmcd8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjwoMeK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8jgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcQw42w</latexit>x1

<latexit sha1_base64="5VUxn/giNFWZKeL+iMk58B0cQOQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqseCBz1WsB/QLks2zbax2WRJstKy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777aytb2xubRd2irt7+weHpaPjlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4upn57SeqNJPiwUwS6sd4IFjECDZWao0DbxxUg1LZrbhzoFXi5aQMORpB6avXlySNqTCEY627npsYP8PKMMLptNhLNU0wGeEB7VoqcEy1n82vnaJzq/RRJJUtYdBc/T2R4VjrSRzazhiboV72ZuJ/Xjc10bWfMZGkhgqyWBSlHBmJZq+jPlOUGD6xBBPF7K2IDLHCxNiAijYEb/nlVdKqVrxapXZ/Wa7f5nEU4BTO4AI8uII63EEDmkDgEZ7hFd4c6bw4787HonXNyWdO4A+czx8Vqo7X</latexit>x1x2

<latexit sha1_base64="4IRbcDIAEeFoi4TjoJdqpAkEKqU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtUj0WPOixgv2QdlmyabYNTbJLkpWW0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4c3Mbz1RpVksH8w4ob7AfckiRrCx0uMo8EZBZRRcBMWSW3bnQKvEy0gJMtSD4le3F5NUUGkIx1p3PDcx/gQrwwin00I31TTBZIj7tGOpxIJqfzI/eIrOrNJDUaxsSYPm6u+JCRZaj0VoOwU2A73szcT/vE5qomt/wmSSGirJYlGUcmRiNPse9ZiixPCxJZgoZm9FZIAVJsZmVLAheMsvr5JmpexVy9X7y1LtNosjDydwCufgwRXU4A7q0AACAp7hFd4c5bw4787HojXnZDPH8AfO5w8fQo//</latexit>x1x2x3

<latexit sha1_base64="ctgiBXJpxapGmEq8smmQjbS+Ctw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqR4LHvRYwX5AG8Jmu2mXbjZhdyMpoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1J7dzv/tEpWKReNTTmLohHgkWMIK1kQap56ReLfWuUq/ulSt21V4ArRMnJxXI0fLKX4NhRJKQCk04Vqrv2LF2Myw1I5zOSoNE0RiTCR7RvqECh1S52eLmGbowyhAFkTQlNFqovycyHCo1DX3TGWI9VqveXPzP6yc6uHEzJuJEU0GWi4KEIx2heQBoyCQlmk8NwUQycysiYywx0SamkgnBWX15nXRqVadRbTzUK827PI4inME5XIID19CEe2hBGwjE8Ayv8GYl1ov1bn0sWwtWPnMKf2B9/gAtjpEo</latexit>x1x2x3x4
<latexit sha1_base64="M6glBlTSq4h36HIRH8b58Q92NFU=">AAACE3icbVDLSgMxFM34rPU16tJNsAhVSpkpUt0IRTcuK/QF7TBk0kwbmnmQ3JGW0n9w46+4caGIWzfu/BszbRfaeiDk5Nx7uLnHiwVXYFnfxsrq2vrGZmYru72zu7dvHhw2VJRIyuo0EpFseUQxwUNWBw6CtWLJSOAJ1vQGt2m9+cCk4lFYg1HMnID0Qu5zSkBLrnnu54euXcBDt1TAnW4EKuW1M3ytL1urM1E/wDVzVtGaAi8Te05yaI6qa35pL00CFgIVRKm2bcXgjIkETgWbZDuJYjGhA9JjbU1DEjDljKc7TfCpVrrYj6Q+IeCp+tsxJoFSo8DTnQGBvlqspeJ/tXYC/pUz5mGcAAvpbJCfCAwRTgPCXS4ZBTHShFDJ9V8x7RNJKOgYszoEe3HlZdIoFe1ysXx/kavczOPIoGN0gvLIRpeogu5QFdURRY/oGb2iN+PJeDHejY9Z64ox9xyhPzA+fwB+gpt2</latexit>

f(x1, x2, . . . , xT ) = x1x2 . . . xt

<latexit sha1_base64="x9P1GAcZPRXpfKAu/i2N1xh5MJg="></latexit>

via A⇥1 ht�1 ⇥2 xt

State-tracking 
2RNN vs RNN

<latexit sha1_base64="5tn06f+xBs+/jLHEKQaHQuiu07g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL54kgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfjm5nffqLaMCUf7CShocBDyWJGsHVSq2fYUOB+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU1qFVr95eV+l0eRxFO4BTOIYArqMMtNKAJBB7hGV7hzVPei/fufSxaC14+cwx/4H3+AKONjzo=</latexit>�

<latexit sha1_base64="5tn06f+xBs+/jLHEKQaHQuiu07g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL54kgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfjm5nffqLaMCUf7CShocBDyWJGsHVSq2fYUOB+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU1qFVr95eV+l0eRxFO4BTOIYArqMMtNKAJBB7hGV7hzVPei/fufSxaC14+cwx/4H3+AKONjzo=</latexit>�

<latexit sha1_base64="5tn06f+xBs+/jLHEKQaHQuiu07g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL54kgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfjm5nffqLaMCUf7CShocBDyWJGsHVSq2fYUOB+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU1qFVr95eV+l0eRxFO4BTOIYArqMMtNKAJBB7hGV7hzVPei/fufSxaC14+cwx/4H3+AKONjzo=</latexit>�

Depth vs multiplicative interactions?  Not the same!
Depth-wise nonlinearities cannot replace multiplicative interactions



How architectural features influence the 
expressivity of recurrent networks 

Higher-order  
polynomialsMemory

State - 
tracking

Depth
Multiplicative 
interactions

Take aways

Poster #171 
Come see us  

:-)



How architectural features influence the 
expressivity of recurrent networks 

Higher-order  
polynomialsMemory

State - 
tracking

Depth
Multiplicative 
interactions

102 103

Hidden size n

1.6

1.7

1.8

1.9

2.0

B
P

C

RNNs

L=1
L=2
L=4

102 103

Hidden size n

CPRNNs

L=1
L=2
L=4

102

Number of features H

16, 6416, 6416, 6416, 64S4 N =

L=1
L=2
L=4
L=8

105 106 107

Parameter count

Overall models comparison

Poster #171 
Come see us  

:-)

Take aways


