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The hippocampal formation (HPC & MEC) has two main roles in navigation: 

Existing models rely on biologically implausible assumptions[4,5,6].

• Can a biologically plausible model account for these inferential and 
generative capacities. 

• What would the architecture, dynamics and learning rules look like?
• What might it teach us about generative models in the brain?

1 THE DUAL ROLE OF THE HIPPOCAMPUS
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1. INFER self-location
place cells, grid cells etc.  

2. GENERATE trajectories offline
replay[1], memory consolidation[2], planning[3] 

EC
HPC

sensory

MEC

velocity

HPC

4  THEORETICAL INTERPRETATION3  THE HELMHOLTZ HIPPOCAMPUS
• A hierarchical network receives a continuous stream of sensory inputs.
• Inference and generative pathways arrive at distinct basal and apical dendritic compartments. 
• LFP theta-rhythm (5-10 Hz) gates which compartment drives the soma, thus which way information flows.
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6  CONCLUSIONS
• Hippocampal architecture, dynamics and learning rules are highly 

similar to those of a Helmholtz machine. HPC maps sensory input to 
MEC which learns hidden latent structure. 

• LFP Theta oscillations rapidly gate information flow to generate “wake-
sleep” learning phases with exclusively local learning rules. 

• Various navigational function, including self-location, path-integration and 
transfer learning, can thence be explained without backpropagation.

2  BACKGROUND 
1. MEC learns a sensory-

agnostic map of space. 
HPC binds sensory 
stimuli onto positions in 
this space[7,5].

Helmholtz machines[13] (aka Boltzmann machines) 
learn latent models by matching inference and 
generative distributions in alternating learning phases.
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L(w) = DKL(pinf||pgen)
…our Hebbian learning rule is 

derived from this loss function[14].

early theta phases ⇔ “wake” 
late theta phases ⇔ “sleep” 

“What I cannot [generate] I do not understand” 

GOOD: BAD:

data

<latexit sha1_base64="H4FsGEp81AuVp2Oasz87pacO+vk="></latexit>

pinf(p, g) = pw(g|p)p(p)
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pgen(p, g) = pw(p|g)pw(g)
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5  RESULTS

2. During behaviour, infe-
rence and generation 
occur in distinct early 
and late phase of the 5-
10 Hz theta rhythm[8,9].

3. Path integration – a 
“generative” process – 
is a fundamental pillar 
of MEC function[11,4]. 

x(t+dt) = x(t) + v(t)dt

2. PATH INTEGRATION is learnt by the model in a 1D spatial navigation task[15]

i. Initially un-tuned conjunctive inputs provide velocity signal to MEC, HPC receives 
spatially-selective “place cell” inputs. 

ii. When sensory input is lesioned, top-down generative input from MEC accurately 
maintains position estimate by “integrating” its velocity inputs. 

3. RING-ATTRACTOR: Weights in the hidden 
layer reveal a stable calibrated ring-attractor.

This theoretically justified[16] solution is hard to 
achieve with local learning rules[17,18].

4. REMAPPING AND TRANSFER LEARNING: We tested “remapping” by fixing the MEC weights and 
shuffling sensory input
i. Model quickly remastered new environment by transferring (not relearning) path integration . 
ii. MEC hidden representations reformed with constant phase shift, reminiscent of real grid cells[14]. 

an “ideal” bump attractor

NeurIPS 2023 paper:

GENERATIVEINFERENCE x

p(x |     )
p(     | x )GENERATIVE

INFERENCE

Adapted from [x]
early

late

sensory

MEC

velocity

HPC

Adapted from [10]

• Inference and generative sampling occur in alternating 5-10 Hz wake-sleep phases.
• Hebbian learning: minimizes the somatic “prediction errors”[12] until pB≈pA and gB ≈gA
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<latexit sha1_base64="65LO0+qBGDT/KyKR/D7Aq1RsdwI=">AAAB83icbVDLSsNAFJ3UV1tfVZdugkVwISEp2rS7ihuXFewDmlAmk0k7dDIJMxOhhG7c+AduXCjitj/jzq/RSVrE14GBwzn3cs8cL6ZESNN81worq2vrG8VSeXNre2e3srffFVHCEe6giEa870GBKWG4I4mkuB9zDEOP4p43ucz83i3mgkTsRk5j7IZwxEhAEJRKcpwQyrEI0tHwYjasVE2jZjeatq3/JZZh5qi2Svf+/OPutD2svDl+hJIQM4koFGJgmbF0U8glQRTPyk4icAzRBI7wQFEGQyzcNM8804+V4utBxNVjUs/V7xspDIWYhp6azDP+9jLxP2+QyKDhpoTFicQMLQ4FCdVlpGcF6D7hGEk6VQQiTlRWHY0hh0iqmsp5CU3Tap5nf89I42xJ6s2vEro1w6ob5rVqwwQLFMEhOAInwAI2aIEr0AYdgEAMHsATeNYS7VF70V4XowVtuXMAfkCbfwLZo5Yi</latexit>gA

<latexit sha1_base64="TXlkCJ+UZPJDvTv8pHhCH13/pxw=">AAAB83icbVDLSsNAFJ3UV1tfVZdugkVwISEp2rS7ohuXFewDmlAmk0k7dDIJMxOhhG7c+AduXCjitj/jzq/RSVrE14GBwzn3cs8cL6ZESNN81worq2vrG8VSeXNre2e3srffFVHCEe6giEa870GBKWG4I4mkuB9zDEOP4p43ucz83i3mgkTsRk5j7IZwxEhAEJRKcpwQyrEI0tHwYjasVE2jZjeatq3/JZZh5qi2Svf+/OPutD2svDl+hJIQM4koFGJgmbF0U8glQRTPyk4icAzRBI7wQFEGQyzcNM8804+V4utBxNVjUs/V7xspDIWYhp6azDP+9jLxP2+QyKDhpoTFicQMLQ4FCdVlpGcF6D7hGEk6VQQiTlRWHY0hh0iqmsp5CU3Tap5nf89I42xJ6s2vEro1w6ob5rVqwwQLFMEhOAInwAI2aIEr0AYdgEAMHsATeNYS7VF70V4XowVtuXMAfkCbfwLbKJYj</latexit>gB

<latexit sha1_base64="TXlkCJ+UZPJDvTv8pHhCH13/pxw=">AAAB83icbVDLSsNAFJ3UV1tfVZdugkVwISEp2rS7ohuXFewDmlAmk0k7dDIJMxOhhG7c+AduXCjitj/jzq/RSVrE14GBwzn3cs8cL6ZESNN81worq2vrG8VSeXNre2e3srffFVHCEe6giEa870GBKWG4I4mkuB9zDEOP4p43ucz83i3mgkTsRk5j7IZwxEhAEJRKcpwQyrEI0tHwYjasVE2jZjeatq3/JZZh5qi2Svf+/OPutD2svDl+hJIQM4koFGJgmbF0U8glQRTPyk4icAzRBI7wQFEGQyzcNM8804+V4utBxNVjUs/V7xspDIWYhp6azDP+9jLxP2+QyKDhpoTFicQMLQ4FCdVlpGcF6D7hGEk6VQQiTlRWHY0hh0iqmsp5CU3Tap5nf89I42xJ6s2vEro1w6ob5rVqwwQLFMEhOAInwAI2aIEr0AYdgEAMHsATeNYS7VF70V4XowVtuXMAfkCbfwLbKJYj</latexit>gB

<latexit sha1_base64="65LO0+qBGDT/KyKR/D7Aq1RsdwI=">AAAB83icbVDLSsNAFJ3UV1tfVZdugkVwISEp2rS7ihuXFewDmlAmk0k7dDIJMxOhhG7c+AduXCjitj/jzq/RSVrE14GBwzn3cs8cL6ZESNN81worq2vrG8VSeXNre2e3srffFVHCEe6giEa870GBKWG4I4mkuB9zDEOP4p43ucz83i3mgkTsRk5j7IZwxEhAEJRKcpwQyrEI0tHwYjasVE2jZjeatq3/JZZh5qi2Svf+/OPutD2svDl+hJIQM4koFGJgmbF0U8glQRTPyk4icAzRBI7wQFEGQyzcNM8804+V4utBxNVjUs/V7xspDIWYhp6azDP+9jLxP2+QyKDhpoTFicQMLQ4FCdVlpGcF6D7hGEk6VQQiTlRWHY0hh0iqmsp5CU3Tap5nf89I42xJ6s2vEro1w6ob5rVqwwQLFMEhOAInwAI2aIEr0AYdgEAMHsATeNYS7VF70V4XowVtuXMAfkCbfwLZo5Yi</latexit>gA

<latexit sha1_base64="TXlkCJ+UZPJDvTv8pHhCH13/pxw=">AAAB83icbVDLSsNAFJ3UV1tfVZdugkVwISEp2rS7ohuXFewDmlAmk0k7dDIJMxOhhG7c+AduXCjitj/jzq/RSVrE14GBwzn3cs8cL6ZESNN81worq2vrG8VSeXNre2e3srffFVHCEe6giEa870GBKWG4I4mkuB9zDEOP4p43ucz83i3mgkTsRk5j7IZwxEhAEJRKcpwQyrEI0tHwYjasVE2jZjeatq3/JZZh5qi2Svf+/OPutD2svDl+hJIQM4koFGJgmbF0U8glQRTPyk4icAzRBI7wQFEGQyzcNM8804+V4utBxNVjUs/V7xspDIWYhp6azDP+9jLxP2+QyKDhpoTFicQMLQ4FCdVlpGcF6D7hGEk6VQQiTlRWHY0hh0iqmsp5CU3Tap5nf89I42xJ6s2vEro1w6ob5rVqwwQLFMEhOAInwAI2aIEr0AYdgEAMHsATeNYS7VF70V4XowVtuXMAfkCbfwLbKJYj</latexit>gB

<latexit sha1_base64="65LO0+qBGDT/KyKR/D7Aq1RsdwI=">AAAB83icbVDLSsNAFJ3UV1tfVZdugkVwISEp2rS7ihuXFewDmlAmk0k7dDIJMxOhhG7c+AduXCjitj/jzq/RSVrE14GBwzn3cs8cL6ZESNN81worq2vrG8VSeXNre2e3srffFVHCEe6giEa870GBKWG4I4mkuB9zDEOP4p43ucz83i3mgkTsRk5j7IZwxEhAEJRKcpwQyrEI0tHwYjasVE2jZjeatq3/JZZh5qi2Svf+/OPutD2svDl+hJIQM4koFGJgmbF0U8glQRTPyk4icAzRBI7wQFEGQyzcNM8804+V4utBxNVjUs/V7xspDIWYhp6azDP+9jLxP2+QyKDhpoTFicQMLQ4FCdVlpGcF6D7hGEk6VQQiTlRWHY0hh0iqmsp5CU3Tap5nf89I42xJ6s2vEro1w6ob5rVqwwQLFMEhOAInwAI2aIEr0AYdgEAMHsATeNYS7VF70V4XowVtuXMAfkCbfwLZo5Yi</latexit>gA
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<latexit sha1_base64="iyYT3dDc+LvJKk1T7Qe2GXZGZo0=">AAAB+XicbVDLSsNAFJ34rPUVK67cBIvgqiTFNs2u6MZlBfuANoTJdNIOnTyYmVRKyNaVH+DCTReKuPVP3Pk3TtIivg4MHM65l3vmuBElXOj6h7Kyura+sVnYKm7v7O7tqwelDg9jhnAbhTRkPRdyTEmA24IIinsRw9B3Ke66k8vM704x4yQMbsQswrYPRwHxCIJCSo6qDnwoxtxLbp0kci7S1FHLeqVqNizT1P4So6LnKDdL87uH2tF9y1HfB8MQxT4OBKKQ876hR8JOIBMEUZwWBzHHEUQTOMJ9SQPoY24nefJUO5XKUPNCJl8gtFz9vpFAn/OZ78rJPOdvLxP/8/qx8Bp2QoIoFjhAi0NeTDURalkN2pAwjASdSQIRIzKrhsaQQSRkWcW8BEs3rFr294w0zpekbn2V0KlWjHpFv5Zt6GCBAjgGJ+AMGMAETXAFWqANEJiCR/AEnpVEmSsvyutidEVZ7hyCH1DePgHoeZes</latexit>wpB

<latexit sha1_base64="iyYT3dDc+LvJKk1T7Qe2GXZGZo0=">AAAB+XicbVDLSsNAFJ34rPUVK67cBIvgqiTFNs2u6MZlBfuANoTJdNIOnTyYmVRKyNaVH+DCTReKuPVP3Pk3TtIivg4MHM65l3vmuBElXOj6h7Kyura+sVnYKm7v7O7tqwelDg9jhnAbhTRkPRdyTEmA24IIinsRw9B3Ke66k8vM704x4yQMbsQswrYPRwHxCIJCSo6qDnwoxtxLbp0kci7S1FHLeqVqNizT1P4So6LnKDdL87uH2tF9y1HfB8MQxT4OBKKQ876hR8JOIBMEUZwWBzHHEUQTOMJ9SQPoY24nefJUO5XKUPNCJl8gtFz9vpFAn/OZ78rJPOdvLxP/8/qx8Bp2QoIoFjhAi0NeTDURalkN2pAwjASdSQIRIzKrhsaQQSRkWcW8BEs3rFr294w0zpekbn2V0KlWjHpFv5Zt6GCBAjgGJ+AMGMAETXAFWqANEJiCR/AEnpVEmSsvyutidEVZ7hyCH1DePgHoeZes</latexit>wpB
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<latexit sha1_base64="3CIQO91JFskoBadPTIujFVzqyf0=">AAAB+XicbVDLSgMxFM34rPU1Vly5CRbB1ZDWtra7ihuXFewD2jJk0kwbmnmQZCpl6NaVH+DCTReKuPVP3Pk3pjMKvg4EDufcyz05TsiZVAi9G0vLK6tr65mN7ObW9s6uuZdrySAShDZJwAPRcbCknPm0qZjitBMKij2H07Yzvlj47QkVkgX+tZqGtO/hoc9cRrDSkm2aPQ+rkXTjGzse2uezmW3mkVVEldIpgsgq1Yo1VNKkXK3WtFKwUIJ8PTe/vS8f3DVs8603CEjkUV8RjqXsFlCo+jEWihFOZ9leJGmIyRgPaVdTH3tU9uMk+Qwea2UA3UDo5yuYqN83YuxJOfUcPZnk/O0txP+8bqTcaj9mfhgp6pP0kBtxqAK4qAEOmKBE8akmmAims0IywgITpcvKJiWkP4V/yVcJraJVqFjoSreBQIoMOARH4AQUwBmog0vQAE1AwAQ8gEfwZMTG3Hg2XtLRJeNzZx/8gPH6AXBDlxY=</latexit>wgA from 
<latexit sha1_base64="2r9qDxB2bDpZrcZMcZZJPsgju7A=">AAAB8XicbVDLSsNAFJ3UV1tfVZdugkVwISEp2jS7ghuXFewD21Amk0k7dDIJMxOhhG7c+ANuXCjiVvwZd36NTtIivg4MHM65lzn3eDElQprmu1ZYWl5ZXSuWyusbm1vblZ3djogSjnAbRTTiPQ8KTAnDbUkkxb2YYxh6FHe9yVnmd68xFyRil3IaYzeEI0YCgqBU0tUghHIsgnQ0G1aqplGzG45t63+JZZg5qs3Srf/6cXPcGlbeBn6EkhAziSgUom+ZsXRTyCVBFM/Kg0TgGKIJHOG+ogyGWLhpnnimHyrF14OIq8eknqvfN1IYCjENPTWZJ/ztZeJ/Xj+RQcNNCYsTiRmafxQkVJeRnp2v+4RjJOlUEYg4UVl1NIYcIqlKKuclOKblnGa3Z6RxsiB156uETs2w6oZ5odowwRxFsA8OwBGwgA2a4By0QBsgwMAdeACPmtDutSfteT5a0BY7e+AHtJdPlKWVbg==</latexit>g

<latexit sha1_base64="3CIQO91JFskoBadPTIujFVzqyf0=">AAAB+XicbVDLSgMxFM34rPU1Vly5CRbB1ZDWtra7ihuXFewD2jJk0kwbmnmQZCpl6NaVH+DCTReKuPVP3Pk3pjMKvg4EDufcyz05TsiZVAi9G0vLK6tr65mN7ObW9s6uuZdrySAShDZJwAPRcbCknPm0qZjitBMKij2H07Yzvlj47QkVkgX+tZqGtO/hoc9cRrDSkm2aPQ+rkXTjGzse2uezmW3mkVVEldIpgsgq1Yo1VNKkXK3WtFKwUIJ8PTe/vS8f3DVs8603CEjkUV8RjqXsFlCo+jEWihFOZ9leJGmIyRgPaVdTH3tU9uMk+Qwea2UA3UDo5yuYqN83YuxJOfUcPZnk/O0txP+8bqTcaj9mfhgp6pP0kBtxqAK4qAEOmKBE8akmmAims0IywgITpcvKJiWkP4V/yVcJraJVqFjoSreBQIoMOARH4AQUwBmog0vQAE1AwAQ8gEfwZMTG3Hg2XtLRJeNzZx/8gPH6AXBDlxY=</latexit>wgA from 
<latexit sha1_base64="uqaqfe0+bcB1kLym+N7IcmBcUjg=">AAAB+XicbVDLSsNAFJ34qLW+oi7dBEvBVUiKNs2u4MaFiwr2AW0Ik+mkHTp5MDMplJA/ceNCkW4F/Q93/RsnaRFfBwYO59zLPXO8mBIuDGOpbGxubZd2yruVvf2DwyP1+KTLo4Qh3EERjVjfgxxTEuKOIILifswwDDyKe970Ovd7M8w4icJ7MY+xE8BxSHyCoJCSq6rDAIoJ99Oxm87c2yxz1aqh162mbVnaX2LqRoFqS30rvS9qy7arfgxHEUoCHApEIecD04iFk0ImCKI4qwwTjmOIpnCMB5KGMMDcSYvkmVaTykjzIyZfKLRC/b6RwoDzeeDJySLnby8X//MGifCbTkrCOBE4RKtDfkI1EWl5DdqIMIwEnUsCESMyq4YmkEEkZFmVogTbMO2r/O85aV6uScP+KqFb182GbtzJNgywQhmcgXNwAUxggRa4AW3QAQjMwAN4As9KqjwqL8piNbqhrHdOwQ8or5+XzJgw</latexit>gvL

<latexit sha1_base64="3CIQO91JFskoBadPTIujFVzqyf0=">AAAB+XicbVDLSgMxFM34rPU1Vly5CRbB1ZDWtra7ihuXFewD2jJk0kwbmnmQZCpl6NaVH+DCTReKuPVP3Pk3pjMKvg4EDufcyz05TsiZVAi9G0vLK6tr65mN7ObW9s6uuZdrySAShDZJwAPRcbCknPm0qZjitBMKij2H07Yzvlj47QkVkgX+tZqGtO/hoc9cRrDSkm2aPQ+rkXTjGzse2uezmW3mkVVEldIpgsgq1Yo1VNKkXK3WtFKwUIJ8PTe/vS8f3DVs8603CEjkUV8RjqXsFlCo+jEWihFOZ9leJGmIyRgPaVdTH3tU9uMk+Qwea2UA3UDo5yuYqN83YuxJOfUcPZnk/O0txP+8bqTcaj9mfhgp6pP0kBtxqAK4qAEOmKBE8akmmAims0IywgITpcvKJiWkP4V/yVcJraJVqFjoSreBQIoMOARH4AQUwBmog0vQAE1AwAQ8gEfwZMTG3Hg2XtLRJeNzZx/8gPH6AXBDlxY=</latexit>wgA from 
<latexit sha1_base64="XOejwTW2ZtnoqgWJ7rp6JLFacug=">AAAB+XicbVDLSsNAFJ34qLW+oi7dBEvBVUiKNs2u4MZlFfuANoTJdNIOnTyYmRRKyJ+4caFIt4L+h7v+jZO0iK8DA4dz7uWeOV5MCReGsVQ2Nre2Szvl3cre/sHhkXp80uVRwhDuoIhGrO9BjikJcUcQQXE/ZhgGHsU9b3qd+70ZZpxE4b2Yx9gJ4DgkPkFQSMlV1WEAxYT76dhNZ+5dlrlq1dDrVtO2LO0vMXWjQLWlvpXeF7Vl21U/hqMIJQEOBaKQ84FpxMJJIRMEUZxVhgnHMURTOMYDSUMYYO6kRfJMq0llpPkRky8UWqF+30hhwPk88ORkkfO3l4v/eYNE+E0nJWGcCByi1SE/oZqItLwGbUQYRoLOJYGIEZlVQxPIIBKyrEpRgm2Y9lX+95w0L9ekYX+V0K3rZkM3bmUbBlihDM7AObgAJrBAC9yANugABGbgATyBZyVVHpUXZbEa3VDWO6fgB5TXT6DwmDY=</latexit>gvR

<latexit sha1_base64="1wHhCVDKE883CzLlGGsW6LP4/uA=">AAAB8XicbVDLSgMxFM3UV1tfVZdugkVwIUOmj6nLghuXFewD21IyaaYNzWSGJCOUoRs3/oAbF4q4FX/GnV+j6VTB14HA4Zx7ybnHizhTGqE3K7O0vLK6ls3l1zc2t7YLO7stFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXuT07nfvqJSsVBc6GlE+wEeCeYzgrWRLnsB1mPlJ6PZoFBEdrVccx0EkV1xauVS1RC35KJqBTo2SlGs526GL+/Xx41B4bU3DEkcUKEJx0p1HRTpfoKlZoTTWb4XKxphMsEj2jVU4ICqfpImnsFDowyhH0rzhIap+n0jwYFS08Azk2nC395c/M/rxto/6SdMRLGmgiw+8mMOdQjn58Mhk5RoPjUEE8lMVkjGWGKiTUn5tITFpfAv+SqhVbId10bnpg0EFsiCfXAAjoADaqAOzkADNAEBAtyCe/BgKevOerSeFqMZ63NnD/yA9fwBH0KU2Q==</latexit>g <latexit sha1_base64="2r9qDxB2bDpZrcZMcZZJPsgju7A=">AAAB8XicbVDLSsNAFJ3UV1tfVZdugkVwISEp2jS7ghuXFewD21Amk0k7dDIJMxOhhG7c+ANuXCjiVvwZd36NTtIivg4MHM65lzn3eDElQprmu1ZYWl5ZXSuWyusbm1vblZ3djogSjnAbRTTiPQ8KTAnDbUkkxb2YYxh6FHe9yVnmd68xFyRil3IaYzeEI0YCgqBU0tUghHIsgnQ0G1aqplGzG45t63+JZZg5qs3Srf/6cXPcGlbeBn6EkhAziSgUom+ZsXRTyCVBFM/Kg0TgGKIJHOG+ogyGWLhpnnimHyrF14OIq8eknqvfN1IYCjENPTWZJ/ztZeJ/Xj+RQcNNCYsTiRmafxQkVJeRnp2v+4RjJOlUEYg4UVl1NIYcIqlKKuclOKblnGa3Z6RxsiB156uETs2w6oZ5odowwRxFsA8OwBGwgA2a4By0QBsgwMAdeACPmtDutSfteT5a0BY7e+AHtJdPlKWVbg==</latexit>g

<latexit sha1_base64="65LO0+qBGDT/KyKR/D7Aq1RsdwI=">AAAB83icbVDLSsNAFJ3UV1tfVZdugkVwISEp2rS7ihuXFewDmlAmk0k7dDIJMxOhhG7c+AduXCjitj/jzq/RSVrE14GBwzn3cs8cL6ZESNN81worq2vrG8VSeXNre2e3srffFVHCEe6giEa870GBKWG4I4mkuB9zDEOP4p43ucz83i3mgkTsRk5j7IZwxEhAEJRKcpwQyrEI0tHwYjasVE2jZjeatq3/JZZh5qi2Svf+/OPutD2svDl+hJIQM4koFGJgmbF0U8glQRTPyk4icAzRBI7wQFEGQyzcNM8804+V4utBxNVjUs/V7xspDIWYhp6azDP+9jLxP2+QyKDhpoTFicQMLQ4FCdVlpGcF6D7hGEk6VQQiTlRWHY0hh0iqmsp5CU3Tap5nf89I42xJ6s2vEro1w6ob5rVqwwQLFMEhOAInwAI2aIEr0AYdgEAMHsATeNYS7VF70V4XowVtuXMAfkCbfwLZo5Yi</latexit>gA

<latexit sha1_base64="TXlkCJ+UZPJDvTv8pHhCH13/pxw=">AAAB83icbVDLSsNAFJ3UV1tfVZdugkVwISEp2rS7ohuXFewDmlAmk0k7dDIJMxOhhG7c+AduXCjitj/jzq/RSVrE14GBwzn3cs8cL6ZESNN81worq2vrG8VSeXNre2e3srffFVHCEe6giEa870GBKWG4I4mkuB9zDEOP4p43ucz83i3mgkTsRk5j7IZwxEhAEJRKcpwQyrEI0tHwYjasVE2jZjeatq3/JZZh5qi2Svf+/OPutD2svDl+hJIQM4koFGJgmbF0U8glQRTPyk4icAzRBI7wQFEGQyzcNM8804+V4utBxNVjUs/V7xspDIWYhp6azDP+9jLxP2+QyKDhpoTFicQMLQ4FCdVlpGcF6D7hGEk6VQQiTlRWHY0hh0iqmsp5CU3Tap5nf89I42xJ6s2vEro1w6ob5rVqwwQLFMEhOAInwAI2aIEr0AYdgEAMHsATeNYS7VF70V4XowVtuXMAfkCbfwLbKJYj</latexit>gB

<latexit sha1_base64="DMNqOkUOE0vJl9c36JhsWVfaHCo=">AAAB+XicbVDLSgMxFM3UV62vUZdugqXgasj0MXVZcOPCRQX7gLYMmTTThmYeJJlCGfonblwo0q2g/+Guf2M6VfB1IHA4517uyfFizqRCaGnkNja3tnfyu4W9/YPDI/P4pC2jRBDaIhGPRNfDknIW0pZiitNuLCgOPE473uRq5XemVEgWhXdqFtNBgEch8xnBSkuuafYDrMbST0duOnVv5nPXLCKrVqk7NoLIqtr1SrmmiVN2UK0KbQtlKDbM1+23RWnZdM33/jAiSUBDRTiWsmejWA1SLBQjnM4L/UTSGJMJHtGepiEOqBykWfI5LGllCP1I6BcqmKnfN1IcSDkLPD2Z5fztrcT/vF6i/MtBysI4UTQk60N+wqGK4KoGOGSCEsVnmmAimM4KyRgLTJQuq5CVsP4p/Eu+SmiXLdux0K1uA4E18uAMnIMLYIM6aIBr0AQtQMAU3INH8GSkxoPxbCzWoznjc+cU/IDx8gEiaZeb</latexit>gvL
<latexit sha1_base64="8+qO4/a5/icMpUlGxeoF7FBhLmE=">AAAB+XicbVDLSgMxFM3UV62vUZdugqXgasj0MXVZcOOyin1AW4ZMmmlDMw+STKEM/RM3LhTpVtD/cNe/MZ0q+DoQOJxzL/fkeDFnUiG0NHIbm1vbO/ndwt7+weGReXzSllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vcrXyO1MqJIvCOzWL6SDAo5D5jGClJdc0+wFWY+mnIzedurfzuWsWkVWr1B0bQWRV7XqlXNPEKTuoVoW2hTIUG+br9tuitGy65nt/GJEkoKEiHEvZs1GsBikWihFO54V+ImmMyQSPaE/TEAdUDtIs+RyWtDKEfiT0CxXM1O8bKQ6knAWensxy/vZW4n9eL1H+5SBlYZwoGpL1IT/hUEVwVQMcMkGJ4jNNMBFMZ4VkjAUmSpdVyEpY/xT+JV8ltMuW7VjoRreBwBp5cAbOwQWwQR00wDVoghYgYAruwSN4MlLjwXg2FuvRnPG5cwp+wHj5ACuNl6E=</latexit>gvR

<latexit sha1_base64="lGBtJhvOvMCCePtNIxmnjOA6nmM=">AAAB83icbVDLSsNAFJ1YH7W+quLKTbAIrkJStGl2BTcuq9gHNKFMppN26GQSZiaFEvobblwo4taP8BdcCK78FJ2kRXwdGDiccy/3zPFjSoQ0zTdtqbC8srpWXC9tbG5t75R399oiSjjCLRTRiHd9KDAlDLckkRR3Y45h6FPc8cfnmd+ZYC5IxK7lNMZeCIeMBARBqSTXDaEciSCd9K9m/XLFNKp23bFt/S+xDDNHpVF4/Xg+eMfNfvnFHUQoCTGTiEIhepYZSy+FXBJE8azkJgLHEI3hEPcUZTDEwkvzzDP9WCkDPYi4ekzqufp9I4WhENPQV5N5xt9eJv7n9RIZ1L2UsDiRmKH5oSChuoz0rAB9QDhGkk4VgYgTlVVHI8ghkqqmUl6CY1rOWfb3jNRPF6TmfJXQrhpWzTAvVRsmmKMIDsEROAEWsEEDXIAmaAEEYnAD7sC9lmi32oP2OB9d0hY7++AHtKdP53yW5g==</latexit>vR
<latexit sha1_base64="XOejwTW2ZtnoqgWJ7rp6JLFacug=">AAAB+XicbVDLSsNAFJ34qLW+oi7dBEvBVUiKNs2u4MZlFfuANoTJdNIOnTyYmRRKyJ+4caFIt4L+h7v+jZO0iK8DA4dz7uWeOV5MCReGsVQ2Nre2Szvl3cre/sHhkXp80uVRwhDuoIhGrO9BjikJcUcQQXE/ZhgGHsU9b3qd+70ZZpxE4b2Yx9gJ4DgkPkFQSMlV1WEAxYT76dhNZ+5dlrlq1dDrVtO2LO0vMXWjQLWlvpXeF7Vl21U/hqMIJQEOBaKQ84FpxMJJIRMEUZxVhgnHMURTOMYDSUMYYO6kRfJMq0llpPkRky8UWqF+30hhwPk88ORkkfO3l4v/eYNE+E0nJWGcCByi1SE/oZqItLwGbUQYRoLOJYGIEZlVQxPIIBKyrEpRgm2Y9lX+95w0L9ekYX+V0K3rZkM3bmUbBlihDM7AObgAJrBAC9yANugABGbgATyBZyVVHpUXZbEa3VDWO6fgB5TXT6DwmDY=</latexit>gvR

<latexit sha1_base64="AoL+s4aK/6wFyYvelwV6dorWdv8=">AAAB+XicbVDLSgMxFM34rPU1Vly5CRbB1ZCpOm13RTcuFawK7TBk0kwbzDxIMpUydOvKD3DhpgtF3Pon7vwb0xkFXwcCh3Pu5Z4cP+FMKoTejZnZufmFxdJSeXlldW3d3KhcyDgVhLZJzGNx5WNJOYtoWzHF6VUiKA59Ti/96+OpfzmkQrI4OlejhLoh7kcsYAQrLXmm2Q2xGsggu/Gyvnc0HntmFVn2AXL2EURW3ant15qaHDQQcprQtlCOaqsyub0/3Lo79cy3bi8maUgjRTiWsmOjRLkZFooRTsflbippgsk17tOOphEOqXSzPPkY7mqlB4NY6BcpmKvfNzIcSjkKfT2Z5/ztTcX/vE6qgoabsShJFY1IcShIOVQxnNYAe0xQovhIE0wE01khGWCBidJllfMSip/Cv+SrhIuaZTsWOtNtIFCgBLbBDtgDNqiDFjgBp6ANCBiCB/AInozMmBjPxksxOmN87myCHzBePwBpIJcR</latexit>wgB

<latexit sha1_base64="ga+noI9/2vyBZQU3LMyOM9qRklw=">AAAB+3icbVDLSgMxFM34rPU1Vly5CRbB1ZDWtra7ihuXFewD2jJk0kwbmnmQZNQyzNaVH+BKEBeKuPVH3Pk3plMFXwcCh3Pu5Z4cJ+RMKoTejbn5hcWl5cxKdnVtfWPT3Mq1ZBAJQpsk4IHoOFhSznzaVExx2gkFxZ7DadsZn0z99gUVkgX+uZqEtO/hoc9cRrDSkm3meh5WI+nGl3Y8tOPjJElsM4+sIqqUDhFEVqlWrKGSJuVqtaaVgoVS5Ou5++vb8s5NwzbfeoOARB71FeFYym4BhaofY6EY4TTJ9iJJQ0zGeEi7mvrYo7Ifp9kTuK+VAXQDoZ+vYKp+34ixJ+XEc/RkmvS3NxX/87qRcqv9mPlhpKhPZofciEMVwGkRcMAEJYpPNMFEMJ0VkhEWmChdVzYtYfZT+Jd8ldAqWoWKhc50GwjMkAG7YA8cgAI4AnVwChqgCQi4AnfgETwZifFgPBsvs9E543NnG/yA8foBQI6YIg==</latexit>wgA
<latexit sha1_base64="1CdAZhi8R1sQSJoapTD23vtHerE="></latexit>

= �ij

<latexit sha1_base64="9sS2unTGYr1XW1QtaL3SBfTvPjg=">AAAB/HicbVDLSsNAFJ34rPUVW1y5CRbBVUiKfe0KblxWsQ9oS5hMJ+3QyYOZSSWEuHTlB7gTwYUibv0Qd/6Nk7SIrwMDh3Pu5Z45dkAJF4bxoSwtr6yurec28ptb2zu76l6hw/2QIdxGPvVZz4YcU+LhtiCC4l7AMHRtirv29DT1uzPMOPG9SxEFeOjCsUccgqCQkqUWBy4UE+7EV1Y8tuLZRZIklloy9HKt3qjVtL/E1I0MpWbh4eausn/bstT3wchHoYs9gSjkvG8agRjGkAmCKE7yg5DjAKIpHOO+pB50MR/GWfhEO5LKSHN8Jp8ntEz9vhFDl/PIteVkFvW3l4r/ef1QOPVhTLwgFNhD80NOSDXha2kT2ogwjASNJIGIEZlVQxPIIBKyr3xWQsMwG5X07ympnyxItfFVQqesm1XdOJdtGGCOHDgAh+AYmKAGmuAMtEAbIBCBe/AEnpVr5VF5UV7no0vKYqcIfkB5+wSjPZk/</latexit>wgvR

MEC

MEC
conjunctive

<latexit sha1_base64="lGBtJhvOvMCCePtNIxmnjOA6nmM=">AAAB83icbVDLSsNAFJ1YH7W+quLKTbAIrkJStGl2BTcuq9gHNKFMppN26GQSZiaFEvobblwo4taP8BdcCK78FJ2kRXwdGDiccy/3zPFjSoQ0zTdtqbC8srpWXC9tbG5t75R399oiSjjCLRTRiHd9KDAlDLckkRR3Y45h6FPc8cfnmd+ZYC5IxK7lNMZeCIeMBARBqSTXDaEciSCd9K9m/XLFNKp23bFt/S+xDDNHpVF4/Xg+eMfNfvnFHUQoCTGTiEIhepYZSy+FXBJE8azkJgLHEI3hEPcUZTDEwkvzzDP9WCkDPYi4ekzqufp9I4WhENPQV5N5xt9eJv7n9RIZ1L2UsDiRmKH5oSChuoz0rAB9QDhGkk4VgYgTlVVHI8ghkqqmUl6CY1rOWfb3jNRPF6TmfJXQrhpWzTAvVRsmmKMIDsEROAEWsEEDXIAmaAEEYnAD7sC9lmi32oP2OB9d0hY7++AHtKdP53yW5g==</latexit>vR
<latexit sha1_base64="AhSFSajWHqAwXy3XkMtueDMpTVQ=">AAAB83icbVDLSsNAFJ1YH7W+quLKTbAIrkJStGl2BTcuXFSwD2hCmUwn7dDJJMxMCiX0N9y4UMStH+EvuBBc+Sk6SYv4OjBwOOde7pnjx5QIaZpv2lJheWV1rbhe2tjc2t4p7+61RZRwhFsoohHv+lBgShhuSSIp7sYcw9CnuOOPzzO/M8FckIhdy2mMvRAOGQkIglJJrhtCORJBOulfzvrlimlU7bpj2/pfYhlmjkqj8PrxfPCOm/3yizuIUBJiJhGFQvQsM5ZeCrkkiOJZyU0EjiEawyHuKcpgiIWX5pln+rFSBnoQcfWY1HP1+0YKQyGmoa8m84y/vUz8z+slMqh7KWFxIjFD80NBQnUZ6VkB+oBwjCSdKgIRJyqrjkaQQyRVTaW8BMe0nLPs7xmpny5IzfkqoV01rJphXqk2TDBHERyCI3ACLGCDBrgATdACCMTgBtyBey3RbrUH7XE+uqQtdvbBD2hPn95eluA=</latexit>vL
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<latexit sha1_base64="UfPZjMcWCcpCiPObsoPzgA4Whac="></latexit>

hpA � pBi
<latexit sha1_base64="Gk78CLZN4WJW1yD5ApEViJGElwQ="></latexit>

hgA � gBi

Training / min

10-0.5

10-1.5
10-1

1. COMPRESSION: HPC learns to efficiently compress mixed, high-dimensional stimuli 
deriving from a small number of independent latents.

0

1

Time / s 300
0

40 Error / cm
〈Error〉 ± SEM

Position on track / m

<latexit sha1_base64="NhdlHKteS8JuOKHCu1Hjhk2TWXw=">AAAB8XicbVDLSgMxFM3UV1tfVZdugkVwIUOmr3FZcOOygn1gW0omzbShmcyQZIQydOPGH3DjQhG34s+482s0nSr4OhA4nHMvOfd4EWdKI/RmZZaWV1bXsrn8+sbm1nZhZ7elwlgS2iQhD2XHw4pyJmhTM81pJ5IUBx6nbW9yOvfbV1QqFooLPY1oP8AjwXxGsDbSZS/Aeqz8JJoNCkVkl13kVioQ2TW3VK66KalWHQc6NkpRrOduhi/v18eNQeG1NwxJHFChCcdKdR0U6X6CpWaE01m+FysaYTLBI9o1VOCAqn6SJp7BQ6MMoR9K84SGqfp9I8GBUtPAM5Npwt/eXPzP68baP+knTESxpoIsPvJjDnUI5+fDIZOUaD41BBPJTFZIxlhiok1J+bSExaXwL/kqoVWynZqNzk0bCCyQBfvgABwBB7igDs5AAzQBAQLcgnvwYCnrznq0nhajGetzZw/8gPX8AT/LlO8=</latexit>p

10 20

sensory lesion

after 
retrain

before shuffle immediately 
after shuffle
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chance decoder
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<latexit sha1_base64="PHNdedsjpnFq9r4ltiwmndlCg8s=">AAAB+HicbVDLSgMxFM3UV62PjrrTTbAIdTNk+nRZcOPCRQv2AW0pmTTThmYeJBmxDv0CP8GNC0Xc+gv+gTv/wk8wnSr4OhA4nHMv9+Q4IWdSIfRmpJaWV1bX0uuZjc2t7ay5s9uSQSQIbZKAB6LjYEk582lTMcVpJxQUew6nbWdyOvfbl1RIFvgXahrSvodHPnMZwUpLAzPb87AaSzceDVj+6ng2MHPIKherFRtBZJXsarFQ1qRSqKByCdoWSpCrmY33l/P9m/rAfO0NAxJ51FeEYym7NgpVP8ZCMcLpLNOLJA0xmeAR7WrqY4/KfpwEn8EjrQyhGwj9fAUT9ftGjD0pp56jJ5OYv725+J/XjZR70o+ZH0aK+mRxyI04VAGctwCHTFCi+FQTTATTWSEZY4GJ0l1lkhIWP4V/yVcJrYJlVyzU0G0gsEAaHIBDkAc2qIIaOAN10AQEROAW3IMH49q4Mx6Np8Voyvjc2QM/YDx/AGYiloQ=</latexit>

gi(x)

Position, x / m

MEC

1

<latexit sha1_base64="w5q/s/YWFlnqoyzPFCXslM31vqI=">AAAB8XicbVDLSgMxFM3UV62v+ti5CRbB1ZAp1o4rCy50WcE+sC0lk2ba0ExmSDJCO/Qv3LhQxK3gyi9x59I/MZ0q+DoQOJxzLzn3eBFnSiP0ZmXm5hcWl7LLuZXVtfWN/OZWXYWxJLRGQh7KpocV5UzQmmaa02YkKQ48Thve8HTqN66pVCwUl3oU0U6A+4L5jGBtpKt2gPVA+cl40s0XkF0uOU7Rgch2j51i+dAQVCoi14WOjVIUTl7G72fPO0m1m39t90ISB1RowrFSLQdFupNgqRnhdJJrx4pGmAxxn7YMFTigqpOkiSdw3yg96IfSPKFhqn7fSHCg1CjwzGSa8Lc3Ff/zWrH23U7CRBRrKsjsIz/mUIdwej7sMUmJ5iNDMJHMZIVkgCUm2pSUS0uYXQr/kq8S6kXbObLRBSpUEJghC3bBHjgADiiDCjgHVVADBAhwA+7AvaWsW+vBepyNZqzPnW3wA9bTB5+1lTQ=</latexit>z

<latexit sha1_base64="1wHhCVDKE883CzLlGGsW6LP4/uA=">AAAB8XicbVDLSgMxFM3UV1tfVZdugkVwIUOmj6nLghuXFewD21IyaaYNzWSGJCOUoRs3/oAbF4q4FX/GnV+j6VTB14HA4Zx7ybnHizhTGqE3K7O0vLK6ls3l1zc2t7YLO7stFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXuT07nfvqJSsVBc6GlE+wEeCeYzgrWRLnsB1mPlJ6PZoFBEdrVccx0EkV1xauVS1RC35KJqBTo2SlGs526GL+/Xx41B4bU3DEkcUKEJx0p1HRTpfoKlZoTTWb4XKxphMsEj2jVU4ICqfpImnsFDowyhH0rzhIap+n0jwYFS08Azk2nC395c/M/rxto/6SdMRLGmgiw+8mMOdQjn58Mhk5RoPjUEE8lMVkjGWGKiTUn5tITFpfAv+SqhVbId10bnpg0EFsiCfXAAjoADaqAOzkADNAEBAtyCe/BgKevOerSeFqMZ63NnD/yA9fwBH0KU2Q==</latexit>g
retrain

&2

remap1

<latexit sha1_base64="NhdlHKteS8JuOKHCu1Hjhk2TWXw=">AAAB8XicbVDLSgMxFM3UV1tfVZdugkVwIUOmr3FZcOOygn1gW0omzbShmcyQZIQydOPGH3DjQhG34s+482s0nSr4OhA4nHMvOfd4EWdKI/RmZZaWV1bXsrn8+sbm1nZhZ7elwlgS2iQhD2XHw4pyJmhTM81pJ5IUBx6nbW9yOvfbV1QqFooLPY1oP8AjwXxGsDbSZS/Aeqz8JJoNCkVkl13kVioQ2TW3VK66KalWHQc6NkpRrOduhi/v18eNQeG1NwxJHFChCcdKdR0U6X6CpWaE01m+FysaYTLBI9o1VOCAqn6SJp7BQ6MMoR9K84SGqfp9I8GBUtPAM5Npwt/eXPzP68baP+knTESxpoIsPvJjDnUI5+fDIZOUaD41BBPJTFZIxlhiok1J+bSExaXwL/kqoVWynZqNzk0bCCyQBfvgABwBB7igDs5AAzQBAQLcgnvwYCnrznq0nhajGetzZw/8gPX8AT/LlO8=</latexit>p

<latexit sha1_base64="8+qO4/a5/icMpUlGxeoF7FBhLmE=">AAAB+XicbVDLSgMxFM3UV62vUZdugqXgasj0MXVZcOOyin1AW4ZMmmlDMw+STKEM/RM3LhTpVtD/cNe/MZ0q+DoQOJxzL/fkeDFnUiG0NHIbm1vbO/ndwt7+weGReXzSllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vcrXyO1MqJIvCOzWL6SDAo5D5jGClJdc0+wFWY+mnIzedurfzuWsWkVWr1B0bQWRV7XqlXNPEKTuoVoW2hTIUG+br9tuitGy65nt/GJEkoKEiHEvZs1GsBikWihFO54V+ImmMyQSPaE/TEAdUDtIs+RyWtDKEfiT0CxXM1O8bKQ6knAWensxy/vZW4n9eL1H+5SBlYZwoGpL1IT/hUEVwVQMcMkGJ4jNNMBFMZ4VkjAUmSpdVyEpY/xT+JV8ltMuW7VjoRreBwBp5cAbOwQWwQR00wDVoghYgYAruwSN4MlLjwXg2FuvRnPG5cwp+wHj5ACuNl6E=</latexit>gvR
<latexit sha1_base64="DMNqOkUOE0vJl9c36JhsWVfaHCo=">AAAB+XicbVDLSgMxFM3UV62vUZdugqXgasj0MXVZcOPCRQX7gLYMmTTThmYeJJlCGfonblwo0q2g/+Guf2M6VfB1IHA4517uyfFizqRCaGnkNja3tnfyu4W9/YPDI/P4pC2jRBDaIhGPRNfDknIW0pZiitNuLCgOPE473uRq5XemVEgWhXdqFtNBgEch8xnBSkuuafYDrMbST0duOnVv5nPXLCKrVqk7NoLIqtr1SrmmiVN2UK0KbQtlKDbM1+23RWnZdM33/jAiSUBDRTiWsmejWA1SLBQjnM4L/UTSGJMJHtGepiEOqBykWfI5LGllCP1I6BcqmKnfN1IcSDkLPD2Z5fztrcT/vF6i/MtBysI4UTQk60N+wqGK4KoGOGSCEsVnmmAimM4KyRgLTJQuq5CVsP4p/Eu+SmiXLdux0K1uA4E18uAMnIMLYIM6aIBr0AQtQMAU3INH8GSkxoPxbCzWoznjc+cU/IDx8gEiaZeb</latexit>gvL

<latexit sha1_base64="AoL+s4aK/6wFyYvelwV6dorWdv8=">AAAB+XicbVDLSgMxFM34rPU1Vly5CRbB1ZCpOm13RTcuFawK7TBk0kwbzDxIMpUydOvKD3DhpgtF3Pon7vwb0xkFXwcCh3Pu5Z4cP+FMKoTejZnZufmFxdJSeXlldW3d3KhcyDgVhLZJzGNx5WNJOYtoWzHF6VUiKA59Ti/96+OpfzmkQrI4OlejhLoh7kcsYAQrLXmm2Q2xGsggu/Gyvnc0HntmFVn2AXL2EURW3ant15qaHDQQcprQtlCOaqsyub0/3Lo79cy3bi8maUgjRTiWsmOjRLkZFooRTsflbippgsk17tOOphEOqXSzPPkY7mqlB4NY6BcpmKvfNzIcSjkKfT2Z5/ztTcX/vE6qgoabsShJFY1IcShIOVQxnNYAe0xQovhIE0wE01khGWCBidJllfMSip/Cv+SrhIuaZTsWOtNtIFCgBLbBDtgDNqiDFjgBp6ANCBiCB/AInozMmBjPxksxOmN87myCHzBePwBpIJcR</latexit>wgB
<latexit sha1_base64="O2tK95ylwqSp9cLjaLBCxWP9G2c=">AAAB+XicbVDLSgMxFM34rPU1Vly5CRbB1ZCpbW13FTcuK9gHtGXIpJk2NPMgyVTK0K0rP8CFmy4UceufuPNvTKcKvg4EDufcyz05bsSZVAi9G0vLK6tr65mN7ObW9s6uuZdryjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7upj7rTEVkoXBtZpEtOfjQcA8RrDSkmOaXR+rofSSGyeJnPPp1DHzyCqgcvEUQWQVq4UqKmpSqlSqWrEtlCJfy81u70sHd3XHfOv2QxL7NFCEYyk7NopUL8FCMcLpNNuNJY0wGeEB7WgaYJ/KXpImn8JjrfShFwr9AgVT9ftGgn0pJ76rJ9Ocv725+J/XiZVX6SUsiGJFA7I45MUcqhDOa4B9JihRfKIJJoLprJAMscBE6bKyaQmLn8K/5KuEZsGyyxa60m0gsEAGHIIjcAJscAZq4BLUQQMQMAYP4BE8GYkxM56Nl8XokvG5sw9+wHj9AH4Llx8=</latexit>wpA

<latexit sha1_base64="iyYT3dDc+LvJKk1T7Qe2GXZGZo0=">AAAB+XicbVDLSsNAFJ34rPUVK67cBIvgqiTFNs2u6MZlBfuANoTJdNIOnTyYmVRKyNaVH+DCTReKuPVP3Pk3TtIivg4MHM65l3vmuBElXOj6h7Kyura+sVnYKm7v7O7tqwelDg9jhnAbhTRkPRdyTEmA24IIinsRw9B3Ke66k8vM704x4yQMbsQswrYPRwHxCIJCSo6qDnwoxtxLbp0kci7S1FHLeqVqNizT1P4So6LnKDdL87uH2tF9y1HfB8MQxT4OBKKQ876hR8JOIBMEUZwWBzHHEUQTOMJ9SQPoY24nefJUO5XKUPNCJl8gtFz9vpFAn/OZ78rJPOdvLxP/8/qx8Bp2QoIoFjhAi0NeTDURalkN2pAwjASdSQIRIzKrhsaQQSRkWcW8BEs3rFr294w0zpekbn2V0KlWjHpFv5Zt6GCBAjgGJ+AMGMAETXAFWqANEJiCR/AEnpVEmSsvyutidEVZ7hyCH1DePgHoeZes</latexit>wpB

0 fix <latexit sha1_base64="3CIQO91JFskoBadPTIujFVzqyf0=">AAAB+XicbVDLSgMxFM34rPU1Vly5CRbB1ZDWtra7ihuXFewD2jJk0kwbmnmQZCpl6NaVH+DCTReKuPVP3Pk3pjMKvg4EDufcyz05TsiZVAi9G0vLK6tr65mN7ObW9s6uuZdrySAShDZJwAPRcbCknPm0qZjitBMKij2H07Yzvlj47QkVkgX+tZqGtO/hoc9cRrDSkm2aPQ+rkXTjGzse2uezmW3mkVVEldIpgsgq1Yo1VNKkXK3WtFKwUIJ8PTe/vS8f3DVs8603CEjkUV8RjqXsFlCo+jEWihFOZ9leJGmIyRgPaVdTH3tU9uMk+Qwea2UA3UDo5yuYqN83YuxJOfUcPZnk/O0txP+8bqTcaj9mfhgp6pP0kBtxqAK4qAEOmKBE8akmmAims0IywgITpcvKJiWkP4V/yVcJraJVqFjoSreBQIoMOARH4AQUwBmog0vQAE1AwAQ8gEfwZMTG3Hg2XtLRJeNzZx/8gPH6AXBDlxY=</latexit>wgA
remap

1 2
retrain

TL;DR? 
See box 6
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