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The problem of free energy barriers

starting	state other	state
thermal	energy
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How we’d like to sample
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Need the free energy to apply the right bias

Calculating the free energy requires the bias,  
the bias requires the free energy
 — proceed  adaptively!

free	energy

bias	functiontarget	distribution

reaction	coord.

⇢(⇠) = e��F (⇠)+g(⇠)
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AWH— Accelerated Weight Histogram method

1.	Estimate	free	energy	

2.	Set	bias		

3.	Collect	(biased)	samples	

4.	Update	free	energy	estimate

Adaptively estimates free energy and applies the bias

Basic algorithm:
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How is the bias represented and applied?

• Discretize ξ space with grid points λ
• Parameterize bias using Gaussian “basis” functions*

• Width    sets resolution
• Bias force:

eg(⇠) =
X

�

eg(�)e�
1
2 (

⇠��
� )2

<latexit sha1_base64="YS4KffqGE4DTGqYJ4bCokQ+6MNY="></latexit><latexit sha1_base64="YS4KffqGE4DTGqYJ4bCokQ+6MNY="></latexit><latexit sha1_base64="YS4KffqGE4DTGqYJ4bCokQ+6MNY="></latexit><latexit sha1_base64="YS4KffqGE4DTGqYJ4bCokQ+6MNY="></latexit>

*abuse	of	notation:	two	different	(but	similar)	functions	g

rg(⇠(x))
<latexit sha1_base64="MJiYw1gOpZKfFO7DBc9TKzahldU=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcQEGnJnTLQk2lhiImAChMwtC2zY27vs7hHIhX9iY6Extv4TO/+NC1yh4EsmeXlvJjPzglhwbTzv28ltbG5t7+R3C3v7B4dH7vFJQ0eJoqxOIxGppwA1E1yyuuFGsKdYMQwDwZrB6G7uN8dMaR7JRzONWSfEgeR9TtFYqeu6bYmBQDIotSe8NCmXu27Rq3gLkHXiZ6QIGWpd96vdi2gSMmmoQK1bvhebTorKcCrYrNBONIuRjnDAWpZKDJnupIvLZ+TCKj3Sj5QtachC/T2RYqj1NAxsZ4hmqFe9ufif10pM/6aTchknhkm6XNRPBDERmcdAelwxasTUEqSK21sJHaJCamxYBRuCv/ryOmlcVnyv4j9cFau3WRx5OINzKIEP11CFe6hBHSiM4Rle4c1JnRfn3flYtuacbOYU/sD5/AHmUZKD</latexit><latexit sha1_base64="MJiYw1gOpZKfFO7DBc9TKzahldU=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcQEGnJnTLQk2lhiImAChMwtC2zY27vs7hHIhX9iY6Extv4TO/+NC1yh4EsmeXlvJjPzglhwbTzv28ltbG5t7+R3C3v7B4dH7vFJQ0eJoqxOIxGppwA1E1yyuuFGsKdYMQwDwZrB6G7uN8dMaR7JRzONWSfEgeR9TtFYqeu6bYmBQDIotSe8NCmXu27Rq3gLkHXiZ6QIGWpd96vdi2gSMmmoQK1bvhebTorKcCrYrNBONIuRjnDAWpZKDJnupIvLZ+TCKj3Sj5QtachC/T2RYqj1NAxsZ4hmqFe9ufif10pM/6aTchknhkm6XNRPBDERmcdAelwxasTUEqSK21sJHaJCamxYBRuCv/ryOmlcVnyv4j9cFau3WRx5OINzKIEP11CFe6hBHSiM4Rle4c1JnRfn3flYtuacbOYU/sD5/AHmUZKD</latexit><latexit sha1_base64="MJiYw1gOpZKfFO7DBc9TKzahldU=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcQEGnJnTLQk2lhiImAChMwtC2zY27vs7hHIhX9iY6Extv4TO/+NC1yh4EsmeXlvJjPzglhwbTzv28ltbG5t7+R3C3v7B4dH7vFJQ0eJoqxOIxGppwA1E1yyuuFGsKdYMQwDwZrB6G7uN8dMaR7JRzONWSfEgeR9TtFYqeu6bYmBQDIotSe8NCmXu27Rq3gLkHXiZ6QIGWpd96vdi2gSMmmoQK1bvhebTorKcCrYrNBONIuRjnDAWpZKDJnupIvLZ+TCKj3Sj5QtachC/T2RYqj1NAxsZ4hmqFe9ufif10pM/6aTchknhkm6XNRPBDERmcdAelwxasTUEqSK21sJHaJCamxYBRuCv/ryOmlcVnyv4j9cFau3WRx5OINzKIEP11CFe6hBHSiM4Rle4c1JnRfn3flYtuacbOYU/sD5/AHmUZKD</latexit><latexit sha1_base64="MJiYw1gOpZKfFO7DBc9TKzahldU=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcQEGnJnTLQk2lhiImAChMwtC2zY27vs7hHIhX9iY6Extv4TO/+NC1yh4EsmeXlvJjPzglhwbTzv28ltbG5t7+R3C3v7B4dH7vFJQ0eJoqxOIxGppwA1E1yyuuFGsKdYMQwDwZrB6G7uN8dMaR7JRzONWSfEgeR9TtFYqeu6bYmBQDIotSe8NCmXu27Rq3gLkHXiZ6QIGWpd96vdi2gSMmmoQK1bvhebTorKcCrYrNBONIuRjnDAWpZKDJnupIvLZ+TCKj3Sj5QtachC/T2RYqj1NAxsZ4hmqFe9ufif10pM/6aTchknhkm6XNRPBDERmcdAelwxasTUEqSK21sJHaJCamxYBRuCv/ryOmlcVnyv4j9cFau3WRx5OINzKIEP11CFe6hBHSiM4Rle4c1JnRfn3flYtuacbOYU/sD5/AHmUZKD</latexit>

�
<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2j LC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2j LC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2j LC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2j LC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>

eg(⇠)
<latexit sha1_base64="IfGN8ErA6/cbbOlNs+gbjmLmJPo=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBDiJeyGPPYY9OIxgnlgsobZySQZMju7zMyKYclfePGgiFf/xpt/4yRZQUULGoqqbrq7/IgzpW37w1pZXVvf2MxsZbd3dvf2cweHLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k4u5376jUrFQXOtpRL0AjwQbMoK1kW7obTIq9O7Z2ayfy9tF1y1VnQqyi06lXHZTUqvWkFO0F8hDikY/994bhCQOqNCEY6W6jh1pL8FSM8LpLNuLFY0wmeAR7RoqcECVlywunqFTowzQMJSmhEYL9ftEggOlpoFvOgOsx+q3Nxf/8rqxHrpewkQUayrIctEw5kiHaP4+GjBJieZTQzCRzNyKyBhLTLQJKWtC+PoU/U9apaJjkrkq5+vnaRwZOIYTKIADNajDJTSgCQQEPMATPFvKerRerNdl64qVzhzBD1hvn6KGkOU=</latexit><latexit sha1_base64="IfGN8ErA6/cbbOlNs+gbjmLmJPo=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBDiJeyGPPYY9OIxgnlgsobZySQZMju7zMyKYclfePGgiFf/xpt/4yRZQUULGoqqbrq7/IgzpW37w1pZXVvf2MxsZbd3dvf2cweHLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k4u5376jUrFQXOtpRL0AjwQbMoK1kW7obTIq9O7Z2ayfy9tF1y1VnQqyi06lXHZTUqvWkFO0F8hDikY/994bhCQOqNCEY6W6jh1pL8FSM8LpLNuLFY0wmeAR7RoqcECVlywunqFTowzQMJSmhEYL9ftEggOlpoFvOgOsx+q3Nxf/8rqxHrpewkQUayrIctEw5kiHaP4+GjBJieZTQzCRzNyKyBhLTLQJKWtC+PoU/U9apaJjkrkq5+vnaRwZOIYTKIADNajDJTSgCQQEPMATPFvKerRerNdl64qVzhzBD1hvn6KGkOU=</latexit><latexit sha1_base64="IfGN8ErA6/cbbOlNs+gbjmLmJPo=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBDiJeyGPPYY9OIxgnlgsobZySQZMju7zMyKYclfePGgiFf/xpt/4yRZQUULGoqqbrq7/IgzpW37w1pZXVvf2MxsZbd3dvf2cweHLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k4u5376jUrFQXOtpRL0AjwQbMoK1kW7obTIq9O7Z2ayfy9tF1y1VnQqyi06lXHZTUqvWkFO0F8hDikY/994bhCQOqNCEY6W6jh1pL8FSM8LpLNuLFY0wmeAR7RoqcECVlywunqFTowzQMJSmhEYL9ftEggOlpoFvOgOsx+q3Nxf/8rqxHrpewkQUayrIctEw5kiHaP4+GjBJieZTQzCRzNyKyBhLTLQJKWtC+PoU/U9apaJjkrkq5+vnaRwZOIYTKIADNajDJTSgCQQEPMATPFvKerRerNdl64qVzhzBD1hvn6KGkOU=</latexit><latexit sha1_base64="IfGN8ErA6/cbbOlNs+gbjmLmJPo=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBDiJeyGPPYY9OIxgnlgsobZySQZMju7zMyKYclfePGgiFf/xpt/4yRZQUULGoqqbrq7/IgzpW37w1pZXVvf2MxsZbd3dvf2cweHLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k4u5376jUrFQXOtpRL0AjwQbMoK1kW7obTIq9O7Z2ayfy9tF1y1VnQqyi06lXHZTUqvWkFO0F8hDikY/994bhCQOqNCEY6W6jh1pL8FSM8LpLNuLFY0wmeAR7RoqcECVlywunqFTowzQMJSmhEYL9ftEggOlpoFvOgOsx+q3Nxf/8rqxHrpewkQUayrIctEw5kiHaP4+GjBJieZTQzCRzNyKyBhLTLQJKWtC+PoU/U9apaJjkrkq5+vnaRwZOIYTKIADNajDJTSgCQQEPMATPFvKerRerNdl64qVzhzBD1hvn6KGkOU=</latexit>

eg(�)
<latexit sha1_base64="XHcmqrM+VMnRCthSOw3gIsEPmB8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCZ2oe7ohuXFWwrtNOSyWTa0MyDJKOUof/hxoUibv0Xd/6N6bSCih4IHM45l3tz3JgzqRD6MHIrq2vrG/nNwtb2zu5ecf+gI6NEENomEY/ErYsl5SykbcUUp7exoDhwOe26k8u5372jQrIovFHTmDoBHoXMZwQrLQ3oIB2V+1znPXw6GxZLyLQrFfu8DpFZrdYaDZQRu1ZH0DJRhhJYojUsvve9iCQBDRXhWMqehWLlpFgoRjidFfqJpDEmEzyiPU1DHFDppNnVM3iiFQ/6kdAvVDBTv0+kOJByGrg6GWA1lr+9ufiX10uU33BSFsaJoiFZLPITDlUE5xVAjwlKFJ9qgolg+lZIxlhgonRRBV3C10/h/6RjmxYyreuzUvNiWUceHIFjUAYWqIMmuAIt0AYECPAAnsCzcW88Gi/G6yKaM5Yzh+AHjLdPiBuSiQ==</latexit><latexit sha1_base64="XHcmqrM+VMnRCthSOw3gIsEPmB8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCZ2oe7ohuXFWwrtNOSyWTa0MyDJKOUof/hxoUibv0Xd/6N6bSCih4IHM45l3tz3JgzqRD6MHIrq2vrG/nNwtb2zu5ecf+gI6NEENomEY/ErYsl5SykbcUUp7exoDhwOe26k8u5372jQrIovFHTmDoBHoXMZwQrLQ3oIB2V+1znPXw6GxZLyLQrFfu8DpFZrdYaDZQRu1ZH0DJRhhJYojUsvve9iCQBDRXhWMqehWLlpFgoRjidFfqJpDEmEzyiPU1DHFDppNnVM3iiFQ/6kdAvVDBTv0+kOJByGrg6GWA1lr+9ufiX10uU33BSFsaJoiFZLPITDlUE5xVAjwlKFJ9qgolg+lZIxlhgonRRBV3C10/h/6RjmxYyreuzUvNiWUceHIFjUAYWqIMmuAIt0AYECPAAnsCzcW88Gi/G6yKaM5Yzh+AHjLdPiBuSiQ==</latexit><latexit sha1_base64="XHcmqrM+VMnRCthSOw3gIsEPmB8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCZ2oe7ohuXFWwrtNOSyWTa0MyDJKOUof/hxoUibv0Xd/6N6bSCih4IHM45l3tz3JgzqRD6MHIrq2vrG/nNwtb2zu5ecf+gI6NEENomEY/ErYsl5SykbcUUp7exoDhwOe26k8u5372jQrIovFHTmDoBHoXMZwQrLQ3oIB2V+1znPXw6GxZLyLQrFfu8DpFZrdYaDZQRu1ZH0DJRhhJYojUsvve9iCQBDRXhWMqehWLlpFgoRjidFfqJpDEmEzyiPU1DHFDppNnVM3iiFQ/6kdAvVDBTv0+kOJByGrg6GWA1lr+9ufiX10uU33BSFsaJoiFZLPITDlUE5xVAjwlKFJ9qgolg+lZIxlhgonRRBV3C10/h/6RjmxYyreuzUvNiWUceHIFjUAYWqIMmuAIt0AYECPAAnsCzcW88Gi/G6yKaM5Yzh+AHjLdPiBuSiQ==</latexit><latexit sha1_base64="XHcmqrM+VMnRCthSOw3gIsEPmB8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCZ2oe7ohuXFWwrtNOSyWTa0MyDJKOUof/hxoUibv0Xd/6N6bSCih4IHM45l3tz3JgzqRD6MHIrq2vrG/nNwtb2zu5ecf+gI6NEENomEY/ErYsl5SykbcUUp7exoDhwOe26k8u5372jQrIovFHTmDoBHoXMZwQrLQ3oIB2V+1znPXw6GxZLyLQrFfu8DpFZrdYaDZQRu1ZH0DJRhhJYojUsvve9iCQBDRXhWMqehWLlpFgoRjidFfqJpDEmEzyiPU1DHFDppNnVM3iiFQ/6kdAvVDBTv0+kOJByGrg6GWA1lr+9ufiX10uU33BSFsaJoiFZLPITDlUE5xVAjwlKFJ9qgolg+lZIxlhgonRRBV3C10/h/6RjmxYyreuzUvNiWUceHIFjUAYWqIMmuAIt0AYECPAAnsCzcW88Gi/G6yKaM5Yzh+AHjLdPiBuSiQ==</latexit>
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Physical interpretation of λ 

Probabilistically the same as a having a “particle” at λ that experiences an 
external bias g(λ) and interacts with ξ through a harmonic potential

force	constant

eg(⇠) =
X

�

eg(�)e�
1
2 (
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� )2

<latexit sha1_base64="YS4KffqGE4DTGqYJ4bCokQ+6MNY="></latexit><latexit sha1_base64="YS4KffqGE4DTGqYJ4bCokQ+6MNY="></latexit><latexit sha1_base64="YS4KffqGE4DTGqYJ4bCokQ+6MNY="></latexit><latexit sha1_base64="YS4KffqGE4DTGqYJ4bCokQ+6MNY="></latexit>

w(�; t) = P (�|⇠(t)) / eg(�)�
1
2�k(⇠(t)��)2

<latexit sha1_base64="ys37NacKLOQAVf/Rhf4DDwbZuNs="></latexit><latexit sha1_base64="ys37NacKLOQAVf/Rhf4DDwbZuNs="></latexit><latexit sha1_base64="ys37NacKLOQAVf/Rhf4DDwbZuNs="></latexit><latexit sha1_base64="ys37NacKLOQAVf/Rhf4DDwbZuNs="></latexit>

λ stays close to ξ for large force constants: 

U(⇠,�) =
k

2
(⇠ � �)2 , k =

�

�2
<latexit sha1_base64="Me0m8wUanrxahNQhANP7u1Esk+A="></latexit><latexit sha1_base64="Me0m8wUanrxahNQhANP7u1Esk+A="></latexit><latexit sha1_base64="Me0m8wUanrxahNQhANP7u1Esk+A="></latexit><latexit sha1_base64="Me0m8wUanrxahNQhANP7u1Esk+A="></latexit>

⇠(t)
<latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit>

eg(�)
<latexit sha1_base64="jtVhCWco4Dv6Ao/bLseVvnsOuMY=">AAAB9XicdVDNTsJAGNziH+If6tHLRmKCl6ZFsHAjevGIiYAJFLLdbmHDdtvsbjWk4T28eNAYr76LN9/GpWCiRifZZDIzX75vx4sZlcqyPozcyura+kZ+s7C1vbO7V9w/6MgoEZi0ccQiceshSRjlpK2oYuQ2FgSFHiNdb3I597t3REga8Rs1jYkbohGnAcVIaWlABumo3Gc676PT2bBYssxK9dypNqBl1py67dQyctao2NA2rQwlsERrWHzv+xFOQsIVZkjKnm3Fyk2RUBQzMiv0E0lihCdoRHqachQS6abZ1TN4ohUfBpHQjyuYqd8nUhRKOQ09nQyRGsvf3lz8y+slKqi7KeVxogjHi0VBwqCK4LwC6FNBsGJTTRAWVN8K8RgJhJUuqqBL+Pop/J90KqZtmfZ1tdS8WNaRB0fgGJSBDRzQBFegBdoAAwEewBN4Nu6NR+PFeF1Ec8Zy5hD8gPH2CZVMkpI=</latexit><latexit sha1_base64="jtVhCWco4Dv6Ao/bLseVvnsOuMY=">AAAB9XicdVDNTsJAGNziH+If6tHLRmKCl6ZFsHAjevGIiYAJFLLdbmHDdtvsbjWk4T28eNAYr76LN9/GpWCiRifZZDIzX75vx4sZlcqyPozcyura+kZ+s7C1vbO7V9w/6MgoEZi0ccQiceshSRjlpK2oYuQ2FgSFHiNdb3I597t3REga8Rs1jYkbohGnAcVIaWlABumo3Gc676PT2bBYssxK9dypNqBl1py67dQyctao2NA2rQwlsERrWHzv+xFOQsIVZkjKnm3Fyk2RUBQzMiv0E0lihCdoRHqachQS6abZ1TN4ohUfBpHQjyuYqd8nUhRKOQ09nQyRGsvf3lz8y+slKqi7KeVxogjHi0VBwqCK4LwC6FNBsGJTTRAWVN8K8RgJhJUuqqBL+Pop/J90KqZtmfZ1tdS8WNaRB0fgGJSBDRzQBFegBdoAAwEewBN4Nu6NR+PFeF1Ec8Zy5hD8gPH2CZVMkpI=</latexit><latexit sha1_base64="jtVhCWco4Dv6Ao/bLseVvnsOuMY=">AAAB9XicdVDNTsJAGNziH+If6tHLRmKCl6ZFsHAjevGIiYAJFLLdbmHDdtvsbjWk4T28eNAYr76LN9/GpWCiRifZZDIzX75vx4sZlcqyPozcyura+kZ+s7C1vbO7V9w/6MgoEZi0ccQiceshSRjlpK2oYuQ2FgSFHiNdb3I597t3REga8Rs1jYkbohGnAcVIaWlABumo3Gc676PT2bBYssxK9dypNqBl1py67dQyctao2NA2rQwlsERrWHzv+xFOQsIVZkjKnm3Fyk2RUBQzMiv0E0lihCdoRHqachQS6abZ1TN4ohUfBpHQjyuYqd8nUhRKOQ09nQyRGsvf3lz8y+slKqi7KeVxogjHi0VBwqCK4LwC6FNBsGJTTRAWVN8K8RgJhJUuqqBL+Pop/J90KqZtmfZ1tdS8WNaRB0fgGJSBDRzQBFegBdoAAwEewBN4Nu6NR+PFeF1Ec8Zy5hD8gPH2CZVMkpI=</latexit><latexit sha1_base64="jtVhCWco4Dv6Ao/bLseVvnsOuMY=">AAAB9XicdVDNTsJAGNziH+If6tHLRmKCl6ZFsHAjevGIiYAJFLLdbmHDdtvsbjWk4T28eNAYr76LN9/GpWCiRifZZDIzX75vx4sZlcqyPozcyura+kZ+s7C1vbO7V9w/6MgoEZi0ccQiceshSRjlpK2oYuQ2FgSFHiNdb3I597t3REga8Rs1jYkbohGnAcVIaWlABumo3Gc676PT2bBYssxK9dypNqBl1py67dQyctao2NA2rQwlsERrWHzv+xFOQsIVZkjKnm3Fyk2RUBQzMiv0E0lihCdoRHqachQS6abZ1TN4ohUfBpHQjyuYqd8nUhRKOQ09nQyRGsvf3lz8y+slKqi7KeVxogjHi0VBwqCK4LwC6FNBsGJTTRAWVN8K8RgJhJUuqqBL+Pop/J90KqZtmfZ1tdS8WNaRB0fgGJSBDRzQBFegBdoAAwEewBN4Nu6NR+PFeF1Ec8Zy5hD8gPH2CZVMkpI=</latexit>

U(⇠,�)
<latexit sha1_base64="Hxz71tbVBQbaxua+CLbu5bzJZC0=">AAAB9XicbVBNS8NAFHzxs9avqkcvi0WoICURQY9FLx4rmLbQxLLZbNqlm03Y3agl9H948aCIV/+LN/+N2zYHbR1YGGbe8N5OkHKmtG1/W0vLK6tr66WN8ubW9s5uZW+/pZJMEuqShCeyE2BFORPU1Uxz2kklxXHAaTsYXk/89gOViiXiTo9S6se4L1jECNZGundr3hM79bgJhPikV6nadXsKtEicglShQLNX+fLChGQxFZpwrFTXsVPt51hqRjgdl71M0RSTIe7TrqECx1T5+fTqMTo2SoiiRJonNJqqvxM5jpUaxYGZjLEeqHlvIv7ndTMdXfo5E2mmqSCzRVHGkU7QpAIUMkmJ5iNDMJHM3IrIAEtMtCmqbEpw5r+8SFpndceuO7fn1cZVUUcJDuEIauDABTTgBprgAgEJz/AKb9aj9WK9Wx+z0SWryBzAH1ifP3UakdI=</latexit><latexit sha1_base64="Hxz71tbVBQbaxua+CLbu5bzJZC0=">AAAB9XicbVBNS8NAFHzxs9avqkcvi0WoICURQY9FLx4rmLbQxLLZbNqlm03Y3agl9H948aCIV/+LN/+N2zYHbR1YGGbe8N5OkHKmtG1/W0vLK6tr66WN8ubW9s5uZW+/pZJMEuqShCeyE2BFORPU1Uxz2kklxXHAaTsYXk/89gOViiXiTo9S6se4L1jECNZGundr3hM79bgJhPikV6nadXsKtEicglShQLNX+fLChGQxFZpwrFTXsVPt51hqRjgdl71M0RSTIe7TrqECx1T5+fTqMTo2SoiiRJonNJqqvxM5jpUaxYGZjLEeqHlvIv7ndTMdXfo5E2mmqSCzRVHGkU7QpAIUMkmJ5iNDMJHM3IrIAEtMtCmqbEpw5r+8SFpndceuO7fn1cZVUUcJDuEIauDABTTgBprgAgEJz/AKb9aj9WK9Wx+z0SWryBzAH1ifP3UakdI=</latexit><latexit sha1_base64="Hxz71tbVBQbaxua+CLbu5bzJZC0=">AAAB9XicbVBNS8NAFHzxs9avqkcvi0WoICURQY9FLx4rmLbQxLLZbNqlm03Y3agl9H948aCIV/+LN/+N2zYHbR1YGGbe8N5OkHKmtG1/W0vLK6tr66WN8ubW9s5uZW+/pZJMEuqShCeyE2BFORPU1Uxz2kklxXHAaTsYXk/89gOViiXiTo9S6se4L1jECNZGundr3hM79bgJhPikV6nadXsKtEicglShQLNX+fLChGQxFZpwrFTXsVPt51hqRjgdl71M0RSTIe7TrqECx1T5+fTqMTo2SoiiRJonNJqqvxM5jpUaxYGZjLEeqHlvIv7ndTMdXfo5E2mmqSCzRVHGkU7QpAIUMkmJ5iNDMJHM3IrIAEtMtCmqbEpw5r+8SFpndceuO7fn1cZVUUcJDuEIauDABTTgBprgAgEJz/AKb9aj9WK9Wx+z0SWryBzAH1ifP3UakdI=</latexit><latexit sha1_base64="Hxz71tbVBQbaxua+CLbu5bzJZC0=">AAAB9XicbVBNS8NAFHzxs9avqkcvi0WoICURQY9FLx4rmLbQxLLZbNqlm03Y3agl9H948aCIV/+LN/+N2zYHbR1YGGbe8N5OkHKmtG1/W0vLK6tr66WN8ubW9s5uZW+/pZJMEuqShCeyE2BFORPU1Uxz2kklxXHAaTsYXk/89gOViiXiTo9S6se4L1jECNZGundr3hM79bgJhPikV6nadXsKtEicglShQLNX+fLChGQxFZpwrFTXsVPt51hqRjgdl71M0RSTIe7TrqECx1T5+fTqMTo2SoiiRJonNJqqvxM5jpUaxYGZjLEeqHlvIv7ndTMdXfo5E2mmqSCzRVHGkU7QpAIUMkmJ5iNDMJHM3IrIAEtMtCmqbEpw5r+8SFpndceuO7fn1cZVUUcJDuEIauDABTTgBprgAgEJz/AKb9aj9WK9Wx+z0SWryBzAH1ifP3UakdI=</latexit>

P (�|⇠(t))
<latexit sha1_base64="IWr6PPa8aEzDfKeZvEftGtvdtE0=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovQbkJSG7W7ohuXFewDmlAmk0k7dPJgZqKWtJ/ixoUibv0Sd/6N04egogcGDuecy71zvIRRIU3zQ8utrK6tb+Q3C1vbO7t7enG/LeKUY9LCMYt510OCMBqRlqSSkW7CCQo9Rjre6HLmd24JFzSObuQ4IW6IBhENKEZSSX292Cw7TMV9NHHuaVlWKn29ZBr1qmXVLWgatlmt1W1FLNs+Oa1ByzDnKIElmn393fFjnIYkkpghIXqWmUg3Q1xSzMi04KSCJAiP0ID0FI1QSISbzU+fwmOl+DCIuXqRhHP1+0SGQiHGoaeSIZJD8dubiX95vVQG525GoySVJMKLRUHKoIzhrAfoU06wZGNFEOZU3QrxEHGEpWqroEr4+in8n7SrhqWaua6VGhfLOvLgEByBMrDAGWiAK9AELYDBHXgAT+BZm2iP2ov2uojmtOXMAfgB7e0TckaTeQ==</latexit><latexit sha1_base64="IWr6PPa8aEzDfKeZvEftGtvdtE0=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovQbkJSG7W7ohuXFewDmlAmk0k7dPJgZqKWtJ/ixoUibv0Sd/6N04egogcGDuecy71zvIRRIU3zQ8utrK6tb+Q3C1vbO7t7enG/LeKUY9LCMYt510OCMBqRlqSSkW7CCQo9Rjre6HLmd24JFzSObuQ4IW6IBhENKEZSSX292Cw7TMV9NHHuaVlWKn29ZBr1qmXVLWgatlmt1W1FLNs+Oa1ByzDnKIElmn393fFjnIYkkpghIXqWmUg3Q1xSzMi04KSCJAiP0ID0FI1QSISbzU+fwmOl+DCIuXqRhHP1+0SGQiHGoaeSIZJD8dubiX95vVQG525GoySVJMKLRUHKoIzhrAfoU06wZGNFEOZU3QrxEHGEpWqroEr4+in8n7SrhqWaua6VGhfLOvLgEByBMrDAGWiAK9AELYDBHXgAT+BZm2iP2ov2uojmtOXMAfgB7e0TckaTeQ==</latexit><latexit sha1_base64="IWr6PPa8aEzDfKeZvEftGtvdtE0=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovQbkJSG7W7ohuXFewDmlAmk0k7dPJgZqKWtJ/ixoUibv0Sd/6N04egogcGDuecy71zvIRRIU3zQ8utrK6tb+Q3C1vbO7t7enG/LeKUY9LCMYt510OCMBqRlqSSkW7CCQo9Rjre6HLmd24JFzSObuQ4IW6IBhENKEZSSX292Cw7TMV9NHHuaVlWKn29ZBr1qmXVLWgatlmt1W1FLNs+Oa1ByzDnKIElmn393fFjnIYkkpghIXqWmUg3Q1xSzMi04KSCJAiP0ID0FI1QSISbzU+fwmOl+DCIuXqRhHP1+0SGQiHGoaeSIZJD8dubiX95vVQG525GoySVJMKLRUHKoIzhrAfoU06wZGNFEOZU3QrxEHGEpWqroEr4+in8n7SrhqWaua6VGhfLOvLgEByBMrDAGWiAK9AELYDBHXgAT+BZm2iP2ov2uojmtOXMAfgB7e0TckaTeQ==</latexit><latexit sha1_base64="IWr6PPa8aEzDfKeZvEftGtvdtE0=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovQbkJSG7W7ohuXFewDmlAmk0k7dPJgZqKWtJ/ixoUibv0Sd/6N04egogcGDuecy71zvIRRIU3zQ8utrK6tb+Q3C1vbO7t7enG/LeKUY9LCMYt510OCMBqRlqSSkW7CCQo9Rjre6HLmd24JFzSObuQ4IW6IBhENKEZSSX292Cw7TMV9NHHuaVlWKn29ZBr1qmXVLWgatlmt1W1FLNs+Oa1ByzDnKIElmn393fFjnIYkkpghIXqWmUg3Q1xSzMi04KSCJAiP0ID0FI1QSISbzU+fwmOl+DCIuXqRhHP1+0SGQiHGoaeSIZJD8dubiX95vVQG525GoySVJMKLRUHKoIzhrAfoU06wZGNFEOZU3QrxEHGEpWqroEr4+in8n7SrhqWaua6VGhfLOvLgEByBMrDAGWiAK9AELYDBHXgAT+BZm2iP2ov2uojmtOXMAfgB7e0TckaTeQ==</latexit>
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AWH works on λ rather than ξ 
The	algorithm	again,	now	with	more	detail

1.	Estimate	free	energy			2.	Set	bias			3.	Collect	samples			4.	Update	free	energy

Fn(�) ⇡ F (�)
<latexit sha1_base64="N+VLdHM1Qhbg8Xf1+pVY1zIJzg8=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahbsqMCLosCsVlBfuAdhgymUwbmsmEJCOWoUs3/oobF4q49RPc+Tem7SDaeiBwOOcebu4JBKNKO86XVVhaXlldK66XNja3tnfs3b2WSlKJSRMnLJGdACnCKCdNTTUjHSEJigNG2sHwauK374hUNOG3eiSIF6M+pxHFSBvJtw/rPq/0mAmE6AT2kBAyuYf1H8m3y07VmQIuEjcnZZCj4dufvTDBaUy4xgwp1XUdob0MSU0xI+NSL1VEIDxEfdI1lKOYKC+bHjKGx0YJYZRI87iGU/V3IkOxUqM4MJMx0gM1703E/7xuqqMLL6NcpJpwPFsUpQzqBE5agSGVBGs2MgRhSc1fIR4gibA23ZVMCe78yYukdVp1nap7c1auXeZ1FMEBOAIV4IJzUAPXoAGaAIMH8ARewKv1aD1bb9b7bLRg5Zl98AfWxzfM7JiM</latexit><latexit sha1_base64="N+VLdHM1Qhbg8Xf1+pVY1zIJzg8=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahbsqMCLosCsVlBfuAdhgymUwbmsmEJCOWoUs3/oobF4q49RPc+Tem7SDaeiBwOOcebu4JBKNKO86XVVhaXlldK66XNja3tnfs3b2WSlKJSRMnLJGdACnCKCdNTTUjHSEJigNG2sHwauK374hUNOG3eiSIF6M+pxHFSBvJtw/rPq/0mAmE6AT2kBAyuYf1H8m3y07VmQIuEjcnZZCj4dufvTDBaUy4xgwp1XUdob0MSU0xI+NSL1VEIDxEfdI1lKOYKC+bHjKGx0YJYZRI87iGU/V3IkOxUqM4MJMx0gM1703E/7xuqqMLL6NcpJpwPFsUpQzqBE5agSGVBGs2MgRhSc1fIR4gibA23ZVMCe78yYukdVp1nap7c1auXeZ1FMEBOAIV4IJzUAPXoAGaAIMH8ARewKv1aD1bb9b7bLRg5Zl98AfWxzfM7JiM</latexit><latexit sha1_base64="N+VLdHM1Qhbg8Xf1+pVY1zIJzg8=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahbsqMCLosCsVlBfuAdhgymUwbmsmEJCOWoUs3/oobF4q49RPc+Tem7SDaeiBwOOcebu4JBKNKO86XVVhaXlldK66XNja3tnfs3b2WSlKJSRMnLJGdACnCKCdNTTUjHSEJigNG2sHwauK374hUNOG3eiSIF6M+pxHFSBvJtw/rPq/0mAmE6AT2kBAyuYf1H8m3y07VmQIuEjcnZZCj4dufvTDBaUy4xgwp1XUdob0MSU0xI+NSL1VEIDxEfdI1lKOYKC+bHjKGx0YJYZRI87iGU/V3IkOxUqM4MJMx0gM1703E/7xuqqMLL6NcpJpwPFsUpQzqBE5agSGVBGs2MgRhSc1fIR4gibA23ZVMCe78yYukdVp1nap7c1auXeZ1FMEBOAIV4IJzUAPXoAGaAIMH8ARewKv1aD1bb9b7bLRg5Zl98AfWxzfM7JiM</latexit><latexit sha1_base64="N+VLdHM1Qhbg8Xf1+pVY1zIJzg8=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahbsqMCLosCsVlBfuAdhgymUwbmsmEJCOWoUs3/oobF4q49RPc+Tem7SDaeiBwOOcebu4JBKNKO86XVVhaXlldK66XNja3tnfs3b2WSlKJSRMnLJGdACnCKCdNTTUjHSEJigNG2sHwauK374hUNOG3eiSIF6M+pxHFSBvJtw/rPq/0mAmE6AT2kBAyuYf1H8m3y07VmQIuEjcnZZCj4dufvTDBaUy4xgwp1XUdob0MSU0xI+NSL1VEIDxEfdI1lKOYKC+bHjKGx0YJYZRI87iGU/V3IkOxUqM4MJMx0gM1703E/7xuqqMLL6NcpJpwPFsUpQzqBE5agSGVBGs2MgRhSc1fIR4gibA23ZVMCe78yYukdVp1nap7c1auXeZ1FMEBOAIV4IJzUAPXoAGaAIMH8ARewKv1aD1bb9b7bLRg5Zl98AfWxzfM7JiM</latexit>

estimate exact

e��F (�) =

Z
e��F (⇠)e�

1
2 (

⇠��
� )2

<latexit sha1_base64="U19TvHR3BSCul7jMLK/p1Nx1F0E="></latexit><latexit sha1_base64="U19TvHR3BSCul7jMLK/p1Nx1F0E="></latexit><latexit sha1_base64="U19TvHR3BSCul7jMLK/p1Nx1F0E="></latexit><latexit sha1_base64="U19TvHR3BSCul7jMLK/p1Nx1F0E="></latexit>

• The PMF F(ξ) is extracted by an on the fly reweighting procedure

“convolved	free	energy”
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bias free	energy	estimate target

AWH works on λ rather than ξ 
The	algorithm	again,	now	with	more	detail

1.	Estimate	free	energy			2.	Set	bias			3.	Collect	samples			4.	Update	free	energy

gn(�) = �Fn(�) + ln ⇢(�)
<latexit sha1_base64="emSWXPYzidTsZ9iSAUh1COCBdUo=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoCGVGCroRioK4rGAf0BmGTJppQzPJkGSEMvRH3Pgrblwo4sKN+Dem7SDaeiBwOOcebu4JE0aVdpwvq7C0vLK6VlwvbWxube/Yu3stJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4NfHb90QqKvidHiXEj1Gf04hipI0U2LV+wCseM4EeOoYX0AuJRvD6t3gCPcY9ORA/UmCXnaozBVwkbk7KIEcjsD+8nsBpTLjGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGsoRzFRfja9bgyPjNKDkZDmcQ2n6u9EhmKlRnFoJmOkB2rem4j/ed1UR+d+RnmSasLxbFGUMqgFnFQFe1QSrNnIEIQlNX+FeIAkwtoUWjIluPMnL5LWadV1qu5trVy/zOsoggNwCCrABWegDm5AAzQBBg/gCbyAV+vRerberPfZaMHKM/vgD6zPb/+Kn/8=</latexit><latexit sha1_base64="emSWXPYzidTsZ9iSAUh1COCBdUo=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoCGVGCroRioK4rGAf0BmGTJppQzPJkGSEMvRH3Pgrblwo4sKN+Dem7SDaeiBwOOcebu4JE0aVdpwvq7C0vLK6VlwvbWxube/Yu3stJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4NfHb90QqKvidHiXEj1Gf04hipI0U2LV+wCseM4EeOoYX0AuJRvD6t3gCPcY9ORA/UmCXnaozBVwkbk7KIEcjsD+8nsBpTLjGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGsoRzFRfja9bgyPjNKDkZDmcQ2n6u9EhmKlRnFoJmOkB2rem4j/ed1UR+d+RnmSasLxbFGUMqgFnFQFe1QSrNnIEIQlNX+FeIAkwtoUWjIluPMnL5LWadV1qu5trVy/zOsoggNwCCrABWegDm5AAzQBBg/gCbyAV+vRerberPfZaMHKM/vgD6zPb/+Kn/8=</latexit><latexit sha1_base64="emSWXPYzidTsZ9iSAUh1COCBdUo=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoCGVGCroRioK4rGAf0BmGTJppQzPJkGSEMvRH3Pgrblwo4sKN+Dem7SDaeiBwOOcebu4JE0aVdpwvq7C0vLK6VlwvbWxube/Yu3stJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4NfHb90QqKvidHiXEj1Gf04hipI0U2LV+wCseM4EeOoYX0AuJRvD6t3gCPcY9ORA/UmCXnaozBVwkbk7KIEcjsD+8nsBpTLjGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGsoRzFRfja9bgyPjNKDkZDmcQ2n6u9EhmKlRnFoJmOkB2rem4j/ed1UR+d+RnmSasLxbFGUMqgFnFQFe1QSrNnIEIQlNX+FeIAkwtoUWjIluPMnL5LWadV1qu5trVy/zOsoggNwCCrABWegDm5AAzQBBg/gCbyAV+vRerberPfZaMHKM/vgD6zPb/+Kn/8=</latexit><latexit sha1_base64="emSWXPYzidTsZ9iSAUh1COCBdUo=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoCGVGCroRioK4rGAf0BmGTJppQzPJkGSEMvRH3Pgrblwo4sKN+Dem7SDaeiBwOOcebu4JE0aVdpwvq7C0vLK6VlwvbWxube/Yu3stJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4NfHb90QqKvidHiXEj1Gf04hipI0U2LV+wCseM4EeOoYX0AuJRvD6t3gCPcY9ORA/UmCXnaozBVwkbk7KIEcjsD+8nsBpTLjGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGsoRzFRfja9bgyPjNKDkZDmcQ2n6u9EhmKlRnFoJmOkB2rem4j/ed1UR+d+RnmSasLxbFGUMqgFnFQFe1QSrNnIEIQlNX+FeIAkwtoUWjIluPMnL5LWadV1qu5trVy/zOsoggNwCCrABWegDm5AAzQBBg/gCbyAV+vRerberPfZaMHKM/vgD6zPb/+Kn/8=</latexit>
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sample	at	time	t,	bias	gn

wn(�|⇠(t)) = Pn(�|⇠(t))

= egn(�)�
1
2�k(⇠(t)��)2

<latexit sha1_base64="iMXBQp8dLi1MboOWrLvJyARa3D0="></latexit><latexit sha1_base64="iMXBQp8dLi1MboOWrLvJyARa3D0="></latexit><latexit sha1_base64="iMXBQp8dLi1MboOWrLvJyARa3D0="></latexit><latexit sha1_base64="iMXBQp8dLi1MboOWrLvJyARa3D0="></latexit>

a	“biased”	Gaussian

⇠(t)
<latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit>

eg(�)
<latexit sha1_base64="jtVhCWco4Dv6Ao/bLseVvnsOuMY=">AAAB9XicdVDNTsJAGNziH+If6tHLRmKCl6ZFsHAjevGIiYAJFLLdbmHDdtvsbjWk4T28eNAYr76LN9/GpWCiRifZZDIzX75vx4sZlcqyPozcyura+kZ+s7C1vbO7V9w/6MgoEZi0ccQiceshSRjlpK2oYuQ2FgSFHiNdb3I597t3REga8Rs1jYkbohGnAcVIaWlABumo3Gc676PT2bBYssxK9dypNqBl1py67dQyctao2NA2rQwlsERrWHzv+xFOQsIVZkjKnm3Fyk2RUBQzMiv0E0lihCdoRHqachQS6abZ1TN4ohUfBpHQjyuYqd8nUhRKOQ09nQyRGsvf3lz8y+slKqi7KeVxogjHi0VBwqCK4LwC6FNBsGJTTRAWVN8K8RgJhJUuqqBL+Pop/J90KqZtmfZ1tdS8WNaRB0fgGJSBDRzQBFegBdoAAwEewBN4Nu6NR+PFeF1Ec8Zy5hD8gPH2CZVMkpI=</latexit><latexit sha1_base64="jtVhCWco4Dv6Ao/bLseVvnsOuMY=">AAAB9XicdVDNTsJAGNziH+If6tHLRmKCl6ZFsHAjevGIiYAJFLLdbmHDdtvsbjWk4T28eNAYr76LN9/GpWCiRifZZDIzX75vx4sZlcqyPozcyura+kZ+s7C1vbO7V9w/6MgoEZi0ccQiceshSRjlpK2oYuQ2FgSFHiNdb3I597t3REga8Rs1jYkbohGnAcVIaWlABumo3Gc676PT2bBYssxK9dypNqBl1py67dQyctao2NA2rQwlsERrWHzv+xFOQsIVZkjKnm3Fyk2RUBQzMiv0E0lihCdoRHqachQS6abZ1TN4ohUfBpHQjyuYqd8nUhRKOQ09nQyRGsvf3lz8y+slKqi7KeVxogjHi0VBwqCK4LwC6FNBsGJTTRAWVN8K8RgJhJUuqqBL+Pop/J90KqZtmfZ1tdS8WNaRB0fgGJSBDRzQBFegBdoAAwEewBN4Nu6NR+PFeF1Ec8Zy5hD8gPH2CZVMkpI=</latexit><latexit sha1_base64="jtVhCWco4Dv6Ao/bLseVvnsOuMY=">AAAB9XicdVDNTsJAGNziH+If6tHLRmKCl6ZFsHAjevGIiYAJFLLdbmHDdtvsbjWk4T28eNAYr76LN9/GpWCiRifZZDIzX75vx4sZlcqyPozcyura+kZ+s7C1vbO7V9w/6MgoEZi0ccQiceshSRjlpK2oYuQ2FgSFHiNdb3I597t3REga8Rs1jYkbohGnAcVIaWlABumo3Gc676PT2bBYssxK9dypNqBl1py67dQyctao2NA2rQwlsERrWHzv+xFOQsIVZkjKnm3Fyk2RUBQzMiv0E0lihCdoRHqachQS6abZ1TN4ohUfBpHQjyuYqd8nUhRKOQ09nQyRGsvf3lz8y+slKqi7KeVxogjHi0VBwqCK4LwC6FNBsGJTTRAWVN8K8RgJhJUuqqBL+Pop/J90KqZtmfZ1tdS8WNaRB0fgGJSBDRzQBFegBdoAAwEewBN4Nu6NR+PFeF1Ec8Zy5hD8gPH2CZVMkpI=</latexit><latexit sha1_base64="jtVhCWco4Dv6Ao/bLseVvnsOuMY=">AAAB9XicdVDNTsJAGNziH+If6tHLRmKCl6ZFsHAjevGIiYAJFLLdbmHDdtvsbjWk4T28eNAYr76LN9/GpWCiRifZZDIzX75vx4sZlcqyPozcyura+kZ+s7C1vbO7V9w/6MgoEZi0ccQiceshSRjlpK2oYuQ2FgSFHiNdb3I597t3REga8Rs1jYkbohGnAcVIaWlABumo3Gc676PT2bBYssxK9dypNqBl1py67dQyctao2NA2rQwlsERrWHzv+xFOQsIVZkjKnm3Fyk2RUBQzMiv0E0lihCdoRHqachQS6abZ1TN4ohUfBpHQjyuYqd8nUhRKOQ09nQyRGsvf3lz8y+slKqi7KeVxogjHi0VBwqCK4LwC6FNBsGJTTRAWVN8K8RgJhJUuqqBL+Pop/J90KqZtmfZ1tdS8WNaRB0fgGJSBDRzQBFegBdoAAwEewBN4Nu6NR+PFeF1Ec8Zy5hD8gPH2CZVMkpI=</latexit>

U(⇠,�)
<latexit sha1_base64="Hxz71tbVBQbaxua+CLbu5bzJZC0=">AAAB9XicbVBNS8NAFHzxs9avqkcvi0WoICURQY9FLx4rmLbQxLLZbNqlm03Y3agl9H948aCIV/+LN/+N2zYHbR1YGGbe8N5OkHKmtG1/W0vLK6tr66WN8ubW9s5uZW+/pZJMEuqShCeyE2BFORPU1Uxz2kklxXHAaTsYXk/89gOViiXiTo9S6se4L1jECNZGundr3hM79bgJhPikV6nadXsKtEicglShQLNX+fLChGQxFZpwrFTXsVPt51hqRjgdl71M0RSTIe7TrqECx1T5+fTqMTo2SoiiRJonNJqqvxM5jpUaxYGZjLEeqHlvIv7ndTMdXfo5E2mmqSCzRVHGkU7QpAIUMkmJ5iNDMJHM3IrIAEtMtCmqbEpw5r+8SFpndceuO7fn1cZVUUcJDuEIauDABTTgBprgAgEJz/AKb9aj9WK9Wx+z0SWryBzAH1ifP3UakdI=</latexit><latexit sha1_base64="Hxz71tbVBQbaxua+CLbu5bzJZC0=">AAAB9XicbVBNS8NAFHzxs9avqkcvi0WoICURQY9FLx4rmLbQxLLZbNqlm03Y3agl9H948aCIV/+LN/+N2zYHbR1YGGbe8N5OkHKmtG1/W0vLK6tr66WN8ubW9s5uZW+/pZJMEuqShCeyE2BFORPU1Uxz2kklxXHAaTsYXk/89gOViiXiTo9S6se4L1jECNZGundr3hM79bgJhPikV6nadXsKtEicglShQLNX+fLChGQxFZpwrFTXsVPt51hqRjgdl71M0RSTIe7TrqECx1T5+fTqMTo2SoiiRJonNJqqvxM5jpUaxYGZjLEeqHlvIv7ndTMdXfo5E2mmqSCzRVHGkU7QpAIUMkmJ5iNDMJHM3IrIAEtMtCmqbEpw5r+8SFpndceuO7fn1cZVUUcJDuEIauDABTTgBprgAgEJz/AKb9aj9WK9Wx+z0SWryBzAH1ifP3UakdI=</latexit><latexit sha1_base64="Hxz71tbVBQbaxua+CLbu5bzJZC0=">AAAB9XicbVBNS8NAFHzxs9avqkcvi0WoICURQY9FLx4rmLbQxLLZbNqlm03Y3agl9H948aCIV/+LN/+N2zYHbR1YGGbe8N5OkHKmtG1/W0vLK6tr66WN8ubW9s5uZW+/pZJMEuqShCeyE2BFORPU1Uxz2kklxXHAaTsYXk/89gOViiXiTo9S6se4L1jECNZGundr3hM79bgJhPikV6nadXsKtEicglShQLNX+fLChGQxFZpwrFTXsVPt51hqRjgdl71M0RSTIe7TrqECx1T5+fTqMTo2SoiiRJonNJqqvxM5jpUaxYGZjLEeqHlvIv7ndTMdXfo5E2mmqSCzRVHGkU7QpAIUMkmJ5iNDMJHM3IrIAEtMtCmqbEpw5r+8SFpndceuO7fn1cZVUUcJDuEIauDABTTgBprgAgEJz/AKb9aj9WK9Wx+z0SWryBzAH1ifP3UakdI=</latexit><latexit sha1_base64="Hxz71tbVBQbaxua+CLbu5bzJZC0=">AAAB9XicbVBNS8NAFHzxs9avqkcvi0WoICURQY9FLx4rmLbQxLLZbNqlm03Y3agl9H948aCIV/+LN/+N2zYHbR1YGGbe8N5OkHKmtG1/W0vLK6tr66WN8ubW9s5uZW+/pZJMEuqShCeyE2BFORPU1Uxz2kklxXHAaTsYXk/89gOViiXiTo9S6se4L1jECNZGundr3hM79bgJhPikV6nadXsKtEicglShQLNX+fLChGQxFZpwrFTXsVPt51hqRjgdl71M0RSTIe7TrqECx1T5+fTqMTo2SoiiRJonNJqqvxM5jpUaxYGZjLEeqHlvIv7ndTMdXfo5E2mmqSCzRVHGkU7QpAIUMkmJ5iNDMJHM3IrIAEtMtCmqbEpw5r+8SFpndceuO7fn1cZVUUcJDuEIauDABTTgBprgAgEJz/AKb9aj9WK9Wx+z0SWryBzAH1ifP3UakdI=</latexit>

P (�|⇠(t))
<latexit sha1_base64="IWr6PPa8aEzDfKeZvEftGtvdtE0=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovQbkJSG7W7ohuXFewDmlAmk0k7dPJgZqKWtJ/ixoUibv0Sd/6N04egogcGDuecy71zvIRRIU3zQ8utrK6tb+Q3C1vbO7t7enG/LeKUY9LCMYt510OCMBqRlqSSkW7CCQo9Rjre6HLmd24JFzSObuQ4IW6IBhENKEZSSX292Cw7TMV9NHHuaVlWKn29ZBr1qmXVLWgatlmt1W1FLNs+Oa1ByzDnKIElmn393fFjnIYkkpghIXqWmUg3Q1xSzMi04KSCJAiP0ID0FI1QSISbzU+fwmOl+DCIuXqRhHP1+0SGQiHGoaeSIZJD8dubiX95vVQG525GoySVJMKLRUHKoIzhrAfoU06wZGNFEOZU3QrxEHGEpWqroEr4+in8n7SrhqWaua6VGhfLOvLgEByBMrDAGWiAK9AELYDBHXgAT+BZm2iP2ov2uojmtOXMAfgB7e0TckaTeQ==</latexit><latexit sha1_base64="IWr6PPa8aEzDfKeZvEftGtvdtE0=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovQbkJSG7W7ohuXFewDmlAmk0k7dPJgZqKWtJ/ixoUibv0Sd/6N04egogcGDuecy71zvIRRIU3zQ8utrK6tb+Q3C1vbO7t7enG/LeKUY9LCMYt510OCMBqRlqSSkW7CCQo9Rjre6HLmd24JFzSObuQ4IW6IBhENKEZSSX292Cw7TMV9NHHuaVlWKn29ZBr1qmXVLWgatlmt1W1FLNs+Oa1ByzDnKIElmn393fFjnIYkkpghIXqWmUg3Q1xSzMi04KSCJAiP0ID0FI1QSISbzU+fwmOl+DCIuXqRhHP1+0SGQiHGoaeSIZJD8dubiX95vVQG525GoySVJMKLRUHKoIzhrAfoU06wZGNFEOZU3QrxEHGEpWqroEr4+in8n7SrhqWaua6VGhfLOvLgEByBMrDAGWiAK9AELYDBHXgAT+BZm2iP2ov2uojmtOXMAfgB7e0TckaTeQ==</latexit><latexit sha1_base64="IWr6PPa8aEzDfKeZvEftGtvdtE0=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovQbkJSG7W7ohuXFewDmlAmk0k7dPJgZqKWtJ/ixoUibv0Sd/6N04egogcGDuecy71zvIRRIU3zQ8utrK6tb+Q3C1vbO7t7enG/LeKUY9LCMYt510OCMBqRlqSSkW7CCQo9Rjre6HLmd24JFzSObuQ4IW6IBhENKEZSSX292Cw7TMV9NHHuaVlWKn29ZBr1qmXVLWgatlmt1W1FLNs+Oa1ByzDnKIElmn393fFjnIYkkpghIXqWmUg3Q1xSzMi04KSCJAiP0ID0FI1QSISbzU+fwmOl+DCIuXqRhHP1+0SGQiHGoaeSIZJD8dubiX95vVQG525GoySVJMKLRUHKoIzhrAfoU06wZGNFEOZU3QrxEHGEpWqroEr4+in8n7SrhqWaua6VGhfLOvLgEByBMrDAGWiAK9AELYDBHXgAT+BZm2iP2ov2uojmtOXMAfgB7e0TckaTeQ==</latexit><latexit sha1_base64="IWr6PPa8aEzDfKeZvEftGtvdtE0=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovQbkJSG7W7ohuXFewDmlAmk0k7dPJgZqKWtJ/ixoUibv0Sd/6N04egogcGDuecy71zvIRRIU3zQ8utrK6tb+Q3C1vbO7t7enG/LeKUY9LCMYt510OCMBqRlqSSkW7CCQo9Rjre6HLmd24JFzSObuQ4IW6IBhENKEZSSX292Cw7TMV9NHHuaVlWKn29ZBr1qmXVLWgatlmt1W1FLNs+Oa1ByzDnKIElmn393fFjnIYkkpghIXqWmUg3Q1xSzMi04KSCJAiP0ID0FI1QSISbzU+fwmOl+DCIuXqRhHP1+0SGQiHGoaeSIZJD8dubiX95vVQG525GoySVJMKLRUHKoIzhrAfoU06wZGNFEOZU3QrxEHGEpWqroEr4+in8n7SrhqWaua6VGhfLOvLgEByBMrDAGWiAK9AELYDBHXgAT+BZm2iP2ov2uojmtOXMAfgB7e0TckaTeQ==</latexit>

AWH works on λ rather than ξ 
The	algorithm	again,	now	with	more	detail

1.	Estimate	free	energy			2.	Set	bias			3.	Collect	samples			4.	Update	free	energy
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prior	number	of	samples

�Fn(�) ⇡ �
P

t wn(�|t)
Nn⇢(�)

<latexit sha1_base64="7Wnk+Gc4uUQJH1Nu5os87aYk3JU="></latexit><latexit sha1_base64="7Wnk+Gc4uUQJH1Nu5os87aYk3JU="></latexit><latexit sha1_base64="7Wnk+Gc4uUQJH1Nu5os87aYk3JU="></latexit><latexit sha1_base64="7Wnk+Gc4uUQJH1Nu5os87aYk3JU="></latexit>

how	we	hoped	
to	sample

what	was	sampled

AWH works on λ rather than ξ 
The	algorithm	again,	now	with	more	detail

1.	Estimate	free	energy			2.	Set	bias			3.	Collect	samples			4.	Update	free	energy

⇠(t)
<latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit>

�F (�)
<latexit sha1_base64="NVp600fRac9YZ0ZfJbhqwF2fTK4=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN8OkdtTuioq4rGBroTOUTCZtQzMPkoxSxn6KGxeKuPVL3Pk3pg9BRQ8EDufcw705fsKZVLb9YeQWFpeWV/KrhbX1jc0ts7jdknEqCG2SmMei7WNJOYtoUzHFaTsRFIc+pzf+8Gzi39xSIVkcXatRQr0Q9yPWYwQrLXXNontOucLwouxynQrwQdcs2VatglANQdty7Eq15miCHOfwqAqRZU9RAnM0uua7G8QkDWmkCMdSdpCdKC/DQjHC6bjgppImmAxxn3Y0jXBIpZdNTx/Dfa0EsBcL/SIFp+r3RIZDKUehrydDrAbytzcR//I6qeqdeBmLklTRiMwW9VIOVQwnPcCACUoUH2mCiWD6VkgGWGCidFsFXcLXT+H/pFWxkG7mqlqqn87ryINdsAfKAIFjUAeXoAGagIA78ACewLNxbzwaL8brbDRnzDM74AeMt088eZNX</latexit><latexit sha1_base64="NVp600fRac9YZ0ZfJbhqwF2fTK4=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN8OkdtTuioq4rGBroTOUTCZtQzMPkoxSxn6KGxeKuPVL3Pk3pg9BRQ8EDufcw705fsKZVLb9YeQWFpeWV/KrhbX1jc0ts7jdknEqCG2SmMei7WNJOYtoUzHFaTsRFIc+pzf+8Gzi39xSIVkcXatRQr0Q9yPWYwQrLXXNontOucLwouxynQrwQdcs2VatglANQdty7Eq15miCHOfwqAqRZU9RAnM0uua7G8QkDWmkCMdSdpCdKC/DQjHC6bjgppImmAxxn3Y0jXBIpZdNTx/Dfa0EsBcL/SIFp+r3RIZDKUehrydDrAbytzcR//I6qeqdeBmLklTRiMwW9VIOVQwnPcCACUoUH2mCiWD6VkgGWGCidFsFXcLXT+H/pFWxkG7mqlqqn87ryINdsAfKAIFjUAeXoAGagIA78ACewLNxbzwaL8brbDRnzDM74AeMt088eZNX</latexit><latexit sha1_base64="NVp600fRac9YZ0ZfJbhqwF2fTK4=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN8OkdtTuioq4rGBroTOUTCZtQzMPkoxSxn6KGxeKuPVL3Pk3pg9BRQ8EDufcw705fsKZVLb9YeQWFpeWV/KrhbX1jc0ts7jdknEqCG2SmMei7WNJOYtoUzHFaTsRFIc+pzf+8Gzi39xSIVkcXatRQr0Q9yPWYwQrLXXNontOucLwouxynQrwQdcs2VatglANQdty7Eq15miCHOfwqAqRZU9RAnM0uua7G8QkDWmkCMdSdpCdKC/DQjHC6bjgppImmAxxn3Y0jXBIpZdNTx/Dfa0EsBcL/SIFp+r3RIZDKUehrydDrAbytzcR//I6qeqdeBmLklTRiMwW9VIOVQwnPcCACUoUH2mCiWD6VkgGWGCidFsFXcLXT+H/pFWxkG7mqlqqn87ryINdsAfKAIFjUAeXoAGagIA78ACewLNxbzwaL8brbDRnzDM74AeMt088eZNX</latexit><latexit sha1_base64="NVp600fRac9YZ0ZfJbhqwF2fTK4=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN8OkdtTuioq4rGBroTOUTCZtQzMPkoxSxn6KGxeKuPVL3Pk3pg9BRQ8EDufcw705fsKZVLb9YeQWFpeWV/KrhbX1jc0ts7jdknEqCG2SmMei7WNJOYtoUzHFaTsRFIc+pzf+8Gzi39xSIVkcXatRQr0Q9yPWYwQrLXXNontOucLwouxynQrwQdcs2VatglANQdty7Eq15miCHOfwqAqRZU9RAnM0uua7G8QkDWmkCMdSdpCdKC/DQjHC6bjgppImmAxxn3Y0jXBIpZdNTx/Dfa0EsBcL/SIFp+r3RIZDKUehrydDrAbytzcR//I6qeqdeBmLklTRiMwW9VIOVQwnPcCACUoUH2mCiWD6VkgGWGCidFsFXcLXT+H/pFWxkG7mqlqqn87ryINdsAfKAIFjUAeXoAGagIA78ACewLNxbzwaL8brbDRnzDM74AeMt088eZNX</latexit>
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The free energy update size

|�Fn| ⇠
1

Nn
<latexit sha1_base64="wB+YHjJc6SAA6PjD0psKQuvn3Ik=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KokIuiwq4koq2Ac0IUymk3bozCTMTISSZunGX3HjQhG3foI7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOLsd+64FIRWNxr4cJ8TnqCRpRjLSRAvtg5F0RphG8DsQIeopy6EUS4czNs9tA5IFdcarOBHCeuAWpgAL1wP7yujFOOREaM6RUx3US7WdIaooZycteqkiC8AD1SMdQgThRfjZ5JIdHRunCKJamhIYT9fdEhrhSQx6aTo50X816Y/E/r5Pq6NzPqEhSTQSeLopSBnUMx6nALpUEazY0BGFJza0Q95HJQZvsyiYEd/bledI8qbpO1b07rdQuijhKYB8cgmPggjNQAzegDhoAg0fwDF7Bm/VkvVjv1se0dcEqZvbAH1ifPydtmWs=</latexit><latexit sha1_base64="wB+YHjJc6SAA6PjD0psKQuvn3Ik=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KokIuiwq4koq2Ac0IUymk3bozCTMTISSZunGX3HjQhG3foI7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOLsd+64FIRWNxr4cJ8TnqCRpRjLSRAvtg5F0RphG8DsQIeopy6EUS4czNs9tA5IFdcarOBHCeuAWpgAL1wP7yujFOOREaM6RUx3US7WdIaooZycteqkiC8AD1SMdQgThRfjZ5JIdHRunCKJamhIYT9fdEhrhSQx6aTo50X816Y/E/r5Pq6NzPqEhSTQSeLopSBnUMx6nALpUEazY0BGFJza0Q95HJQZvsyiYEd/bledI8qbpO1b07rdQuijhKYB8cgmPggjNQAzegDhoAg0fwDF7Bm/VkvVjv1se0dcEqZvbAH1ifPydtmWs=</latexit><latexit sha1_base64="wB+YHjJc6SAA6PjD0psKQuvn3Ik=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KokIuiwq4koq2Ac0IUymk3bozCTMTISSZunGX3HjQhG3foI7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOLsd+64FIRWNxr4cJ8TnqCRpRjLSRAvtg5F0RphG8DsQIeopy6EUS4czNs9tA5IFdcarOBHCeuAWpgAL1wP7yujFOOREaM6RUx3US7WdIaooZycteqkiC8AD1SMdQgThRfjZ5JIdHRunCKJamhIYT9fdEhrhSQx6aTo50X816Y/E/r5Pq6NzPqEhSTQSeLopSBnUMx6nALpUEazY0BGFJza0Q95HJQZvsyiYEd/bledI8qbpO1b07rdQuijhKYB8cgmPggjNQAzegDhoAg0fwDF7Bm/VkvVjv1se0dcEqZvbAH1ifPydtmWs=</latexit><latexit sha1_base64="wB+YHjJc6SAA6PjD0psKQuvn3Ik=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KokIuiwq4koq2Ac0IUymk3bozCTMTISSZunGX3HjQhG3foI7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOLsd+64FIRWNxr4cJ8TnqCRpRjLSRAvtg5F0RphG8DsQIeopy6EUS4czNs9tA5IFdcarOBHCeuAWpgAL1wP7yujFOOREaM6RUx3US7WdIaooZycteqkiC8AD1SMdQgThRfjZ5JIdHRunCKJamhIYT9fdEhrhSQx6aTo50X816Y/E/r5Pq6NzPqEhSTQSeLopSBnUMx6nALpUEazY0BGFJza0Q95HJQZvsyiYEd/bledI8qbpO1b07rdQuijhKYB8cgmPggjNQAzegDhoAg0fwDF7Bm/VkvVjv1se0dcEqZvbAH1ifPydtmWs=</latexit>

• N ~ total number of prior samples
• reflects the accuracy of the free energy estimate
• should grow at sampling rate 

Nn ⇠ t
<latexit sha1_base64="jDrdxFP5EARZ22PlEFxiDofZwhw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTIwkR9jb7CVLdveO3TkhhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolQKi77/7RVWVtfWN4qbpa3tnd298v5B0yaZYbzBEpmYVkQtl0LzBgqUvJUaTlUk+UM0vJ76D0/cWJHoexylPFS0r0UsGEUnPd52dccKRbBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu1qzyOIhzBMZxCABdQgxuoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz9wxZAo</latexit><latexit sha1_base64="jDrdxFP5EARZ22PlEFxiDofZwhw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTIwkR9jb7CVLdveO3TkhhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolQKi77/7RVWVtfWN4qbpa3tnd298v5B0yaZYbzBEpmYVkQtl0LzBgqUvJUaTlUk+UM0vJ76D0/cWJHoexylPFS0r0UsGEUnPd52dccKRbBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu1qzyOIhzBMZxCABdQgxuoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz9wxZAo</latexit><latexit sha1_base64="jDrdxFP5EARZ22PlEFxiDofZwhw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTIwkR9jb7CVLdveO3TkhhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolQKi77/7RVWVtfWN4qbpa3tnd298v5B0yaZYbzBEpmYVkQtl0LzBgqUvJUaTlUk+UM0vJ76D0/cWJHoexylPFS0r0UsGEUnPd52dccKRbBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu1qzyOIhzBMZxCABdQgxuoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz9wxZAo</latexit><latexit sha1_base64="jDrdxFP5EARZ22PlEFxiDofZwhw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTIwkR9jb7CVLdveO3TkhhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolQKi77/7RVWVtfWN4qbpa3tnd298v5B0yaZYbzBEpmYVkQtl0LzBgqUvJUaTlUk+UM0vJ76D0/cWJHoexylPFS0r0UsGEUnPd52dccKRbBbrvhVfwayTIKcVCBHvVv+6vQSlimukUlqbTvwUwzH1KBgkk9KnczylLIh7fO2o5oqbsPx7OAJOXFKj8SJcaWRzNTfE2OqrB2pyHUqigO76E3F/7x2hvFlOBY6zZBrNl8UZ5JgQqbfk54wnKEcOUKZEe5WwgbUUIYuo5ILIVh8eZk0z6qBXw3uziu1qzyOIhzBMZxCABdQgxuoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz9wxZAo</latexit>

⇠(t)
<latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit><latexit sha1_base64="cnyqoKBvUCv9d0f4sgbLZPFUvPA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApfe6KblxWsA9oh5JJM21sZjIkGbEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89XsSZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUUSKWhLaJ4EL2PKwoZyFta6Y57UWS4sDjtOtNL1O/e0elYiK80bOIugEeh8xnBGsjdQb3rKjPh/kCsuuVarlag8h2yo0GaqSkgpx6CTo2WqAAVmgN8++DkSBxQENNOFaq76BIuwmWmhFO57lBrGiEyRSPad/QEAdUucni2jk8M8oI+kKaCjVcqN8nEhwoNQs80xlgPVG/vVT8y+vH2q+7CQujWNOQLBf5MYdawPR1OGKSEs1nhmAimbkVkgmWmGgTUM6E8PUp/J90SrZjkrkuF5oXqziy4AScgiJwQA00wRVogTYg4BY8gCfwbAnr0XqxXpetGWs1cwx+wHr7BHVsjw0=</latexit>

�F (�)
<latexit sha1_base64="NVp600fRac9YZ0ZfJbhqwF2fTK4=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN8OkdtTuioq4rGBroTOUTCZtQzMPkoxSxn6KGxeKuPVL3Pk3pg9BRQ8EDufcw705fsKZVLb9YeQWFpeWV/KrhbX1jc0ts7jdknEqCG2SmMei7WNJOYtoUzHFaTsRFIc+pzf+8Gzi39xSIVkcXatRQr0Q9yPWYwQrLXXNontOucLwouxynQrwQdcs2VatglANQdty7Eq15miCHOfwqAqRZU9RAnM0uua7G8QkDWmkCMdSdpCdKC/DQjHC6bjgppImmAxxn3Y0jXBIpZdNTx/Dfa0EsBcL/SIFp+r3RIZDKUehrydDrAbytzcR//I6qeqdeBmLklTRiMwW9VIOVQwnPcCACUoUH2mCiWD6VkgGWGCidFsFXcLXT+H/pFWxkG7mqlqqn87ryINdsAfKAIFjUAeXoAGagIA78ACewLNxbzwaL8brbDRnzDM74AeMt088eZNX</latexit><latexit sha1_base64="NVp600fRac9YZ0ZfJbhqwF2fTK4=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN8OkdtTuioq4rGBroTOUTCZtQzMPkoxSxn6KGxeKuPVL3Pk3pg9BRQ8EDufcw705fsKZVLb9YeQWFpeWV/KrhbX1jc0ts7jdknEqCG2SmMei7WNJOYtoUzHFaTsRFIc+pzf+8Gzi39xSIVkcXatRQr0Q9yPWYwQrLXXNontOucLwouxynQrwQdcs2VatglANQdty7Eq15miCHOfwqAqRZU9RAnM0uua7G8QkDWmkCMdSdpCdKC/DQjHC6bjgppImmAxxn3Y0jXBIpZdNTx/Dfa0EsBcL/SIFp+r3RIZDKUehrydDrAbytzcR//I6qeqdeBmLklTRiMwW9VIOVQwnPcCACUoUH2mCiWD6VkgGWGCidFsFXcLXT+H/pFWxkG7mqlqqn87ryINdsAfKAIFjUAeXoAGagIA78ACewLNxbzwaL8brbDRnzDM74AeMt088eZNX</latexit><latexit sha1_base64="NVp600fRac9YZ0ZfJbhqwF2fTK4=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN8OkdtTuioq4rGBroTOUTCZtQzMPkoxSxn6KGxeKuPVL3Pk3pg9BRQ8EDufcw705fsKZVLb9YeQWFpeWV/KrhbX1jc0ts7jdknEqCG2SmMei7WNJOYtoUzHFaTsRFIc+pzf+8Gzi39xSIVkcXatRQr0Q9yPWYwQrLXXNontOucLwouxynQrwQdcs2VatglANQdty7Eq15miCHOfwqAqRZU9RAnM0uua7G8QkDWmkCMdSdpCdKC/DQjHC6bjgppImmAxxn3Y0jXBIpZdNTx/Dfa0EsBcL/SIFp+r3RIZDKUehrydDrAbytzcR//I6qeqdeBmLklTRiMwW9VIOVQwnPcCACUoUH2mCiWD6VkgGWGCidFsFXcLXT+H/pFWxkG7mqlqqn87ryINdsAfKAIFjUAeXoAGagIA78ACewLNxbzwaL8brbDRnzDM74AeMt088eZNX</latexit><latexit sha1_base64="NVp600fRac9YZ0ZfJbhqwF2fTK4=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN8OkdtTuioq4rGBroTOUTCZtQzMPkoxSxn6KGxeKuPVL3Pk3pg9BRQ8EDufcw705fsKZVLb9YeQWFpeWV/KrhbX1jc0ts7jdknEqCG2SmMei7WNJOYtoUzHFaTsRFIc+pzf+8Gzi39xSIVkcXatRQr0Q9yPWYwQrLXXNontOucLwouxynQrwQdcs2VatglANQdty7Eq15miCHOfwqAqRZU9RAnM0uua7G8QkDWmkCMdSdpCdKC/DQjHC6bjgppImmAxxn3Y0jXBIpZdNTx/Dfa0EsBcL/SIFp+r3RIZDKUehrydDrAbytzcR//I6qeqdeBmLklTRiMwW9VIOVQwnPcCACUoUH2mCiWD6VkgGWGCidFsFXcLXT+H/pFWxkG7mqlqqn87ryINdsAfKAIFjUAeXoAGagIA78ACewLNxbzwaL8brbDRnzDM74AeMt088eZNX</latexit>
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Adding robustness — the initial stage
• Letting N grow at “naturally” decreases the update size too rapidly initially
• The initial stage: keep the update size large for the first few transitions.
• After each covering of the sampling interval Nn+1 = �Nn

<latexit sha1_base64="OHNgld17aIoIuNUfdo0w365+Qjk=">AAAB/3icbVBNSwMxEM36WetXVfDiJVgEQSi7IuhFKHrxJBXsB7RLmU2zbWiSXZKsUNYe/CtePCji1b/hzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dhYWl5ZXVgtrxfWNza3t0s5uQ0eJIrROIh6pVgCaciZp3TDDaStWFETAaTMYXmd+84EqzSJ5b0Yx9QX0JQsZAWOlbmn/tpvKE2+ML3GnD0IAzoRxt1R2K+4EeJ54OSmjHLVu6avTi0giqDSEg9Ztz42Nn4IyjHA6LnYSTWMgQ+jTtqUSBNV+Orl/jI+s0sNhpGxJgyfq74kUhNYjEdhOAWagZ71M/M9rJya88FMm48RQSaaLwoRjE+EsDNxjihLDR5YAUczeiskAFBBjIyvaELzZl+dJ47TiuRXv7qxcvcrjKKADdIiOkYfOURXdoBqqI4Ie0TN6RW/Ok/PivDsf09YFJ5/ZQ3/gfP4AV8OVBQ==</latexit><latexit sha1_base64="OHNgld17aIoIuNUfdo0w365+Qjk=">AAAB/3icbVBNSwMxEM36WetXVfDiJVgEQSi7IuhFKHrxJBXsB7RLmU2zbWiSXZKsUNYe/CtePCji1b/hzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dhYWl5ZXVgtrxfWNza3t0s5uQ0eJIrROIh6pVgCaciZp3TDDaStWFETAaTMYXmd+84EqzSJ5b0Yx9QX0JQsZAWOlbmn/tpvKE2+ML3GnD0IAzoRxt1R2K+4EeJ54OSmjHLVu6avTi0giqDSEg9Ztz42Nn4IyjHA6LnYSTWMgQ+jTtqUSBNV+Orl/jI+s0sNhpGxJgyfq74kUhNYjEdhOAWagZ71M/M9rJya88FMm48RQSaaLwoRjE+EsDNxjihLDR5YAUczeiskAFBBjIyvaELzZl+dJ47TiuRXv7qxcvcrjKKADdIiOkYfOURXdoBqqI4Ie0TN6RW/Ok/PivDsf09YFJ5/ZQ3/gfP4AV8OVBQ==</latexit><latexit sha1_base64="OHNgld17aIoIuNUfdo0w365+Qjk=">AAAB/3icbVBNSwMxEM36WetXVfDiJVgEQSi7IuhFKHrxJBXsB7RLmU2zbWiSXZKsUNYe/CtePCji1b/hzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dhYWl5ZXVgtrxfWNza3t0s5uQ0eJIrROIh6pVgCaciZp3TDDaStWFETAaTMYXmd+84EqzSJ5b0Yx9QX0JQsZAWOlbmn/tpvKE2+ML3GnD0IAzoRxt1R2K+4EeJ54OSmjHLVu6avTi0giqDSEg9Ztz42Nn4IyjHA6LnYSTWMgQ+jTtqUSBNV+Orl/jI+s0sNhpGxJgyfq74kUhNYjEdhOAWagZ71M/M9rJya88FMm48RQSaaLwoRjE+EsDNxjihLDR5YAUczeiskAFBBjIyvaELzZl+dJ47TiuRXv7qxcvcrjKKADdIiOkYfOURXdoBqqI4Ie0TN6RW/Ok/PivDsf09YFJ5/ZQ3/gfP4AV8OVBQ==</latexit><latexit sha1_base64="OHNgld17aIoIuNUfdo0w365+Qjk=">AAAB/3icbVBNSwMxEM36WetXVfDiJVgEQSi7IuhFKHrxJBXsB7RLmU2zbWiSXZKsUNYe/CtePCji1b/hzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dhYWl5ZXVgtrxfWNza3t0s5uQ0eJIrROIh6pVgCaciZp3TDDaStWFETAaTMYXmd+84EqzSJ5b0Yx9QX0JQsZAWOlbmn/tpvKE2+ML3GnD0IAzoRxt1R2K+4EeJ54OSmjHLVu6avTi0giqDSEg9Ztz42Nn4IyjHA6LnYSTWMgQ+jTtqUSBNV+Orl/jI+s0sNhpGxJgyfq74kUhNYjEdhOAWagZ71M/M9rJya88FMm48RQSaaLwoRjE+EsDNxjihLDR5YAUczeiskAFBBjIyvaELzZl+dJ47TiuRXv7qxcvcrjKKADdIiOkYfOURXdoBqqI4Ie0TN6RW/Ok/PivDsf09YFJ5/ZQ3/gfP4AV8OVBQ==</latexit>
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Exiting the initial stage
• Scaling N is corresponds to rescaling the current sample weight
• Scaling up,                        , decreases sample weight 
• Scaling down,                        , increases sample weight
• Exit initial stage when sample weight is no longer increasing

Nn+1 = �Nn
<latexit sha1_base64="OHNgld17aIoIuNUfdo0w365+Qjk=">AAAB/3icbVBNSwMxEM36WetXVfDiJVgEQSi7IuhFKHrxJBXsB7RLmU2zbWiSXZKsUNYe/CtePCji1b/hzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dhYWl5ZXVgtrxfWNza3t0s5uQ0eJIrROIh6pVgCaciZp3TDDaStWFETAaTMYXmd+84EqzSJ5b0Yx9QX0JQsZAWOlbmn/tpvKE2+ML3GnD0IAzoRxt1R2K+4EeJ54OSmjHLVu6avTi0giqDSEg9Ztz42Nn4IyjHA6LnYSTWMgQ+jTtqUSBNV+Orl/jI+s0sNhpGxJgyfq74kUhNYjEdhOAWagZ71M/M9rJya88FMm48RQSaaLwoRjE+EsDNxjihLDR5YAUczeiskAFBBjIyvaELzZl+dJ47TiuRXv7qxcvcrjKKADdIiOkYfOURXdoBqqI4Ie0TN6RW/Ok/PivDsf09YFJ5/ZQ3/gfP4AV8OVBQ==</latexit><latexit sha1_base64="OHNgld17aIoIuNUfdo0w365+Qjk=">AAAB/3icbVBNSwMxEM36WetXVfDiJVgEQSi7IuhFKHrxJBXsB7RLmU2zbWiSXZKsUNYe/CtePCji1b/hzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dhYWl5ZXVgtrxfWNza3t0s5uQ0eJIrROIh6pVgCaciZp3TDDaStWFETAaTMYXmd+84EqzSJ5b0Yx9QX0JQsZAWOlbmn/tpvKE2+ML3GnD0IAzoRxt1R2K+4EeJ54OSmjHLVu6avTi0giqDSEg9Ztz42Nn4IyjHA6LnYSTWMgQ+jTtqUSBNV+Orl/jI+s0sNhpGxJgyfq74kUhNYjEdhOAWagZ71M/M9rJya88FMm48RQSaaLwoRjE+EsDNxjihLDR5YAUczeiskAFBBjIyvaELzZl+dJ47TiuRXv7qxcvcrjKKADdIiOkYfOURXdoBqqI4Ie0TN6RW/Ok/PivDsf09YFJ5/ZQ3/gfP4AV8OVBQ==</latexit><latexit sha1_base64="OHNgld17aIoIuNUfdo0w365+Qjk=">AAAB/3icbVBNSwMxEM36WetXVfDiJVgEQSi7IuhFKHrxJBXsB7RLmU2zbWiSXZKsUNYe/CtePCji1b/hzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dhYWl5ZXVgtrxfWNza3t0s5uQ0eJIrROIh6pVgCaciZp3TDDaStWFETAaTMYXmd+84EqzSJ5b0Yx9QX0JQsZAWOlbmn/tpvKE2+ML3GnD0IAzoRxt1R2K+4EeJ54OSmjHLVu6avTi0giqDSEg9Ztz42Nn4IyjHA6LnYSTWMgQ+jTtqUSBNV+Orl/jI+s0sNhpGxJgyfq74kUhNYjEdhOAWagZ71M/M9rJya88FMm48RQSaaLwoRjE+EsDNxjihLDR5YAUczeiskAFBBjIyvaELzZl+dJ47TiuRXv7qxcvcrjKKADdIiOkYfOURXdoBqqI4Ie0TN6RW/Ok/PivDsf09YFJ5/ZQ3/gfP4AV8OVBQ==</latexit><latexit sha1_base64="OHNgld17aIoIuNUfdo0w365+Qjk=">AAAB/3icbVBNSwMxEM36WetXVfDiJVgEQSi7IuhFKHrxJBXsB7RLmU2zbWiSXZKsUNYe/CtePCji1b/hzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dhYWl5ZXVgtrxfWNza3t0s5uQ0eJIrROIh6pVgCaciZp3TDDaStWFETAaTMYXmd+84EqzSJ5b0Yx9QX0JQsZAWOlbmn/tpvKE2+ML3GnD0IAzoRxt1R2K+4EeJ54OSmjHLVu6avTi0giqDSEg9Ztz42Nn4IyjHA6LnYSTWMgQ+jTtqUSBNV+Orl/jI+s0sNhpGxJgyfq74kUhNYjEdhOAWagZ71M/M9rJya88FMm48RQSaaLwoRjE+EsDNxjihLDR5YAUczeiskAFBBjIyvaELzZl+dJ47TiuRXv7qxcvcrjKKADdIiOkYfOURXdoBqqI4Ie0TN6RW/Ok/PivDsf09YFJ5/ZQ3/gfP4AV8OVBQ==</latexit>

Nn = const.

<latexit sha1_base64="WlWaS6qB51SDwMDGtFa8HFY8cZ8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5CIoBeh6MWTVLAf0Iaw2W7bpZtN2J2IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5oWJ4Bpc99sqrayurW+UNytb2zu7e/b+QUvHqaKsSWMRq05INBNcsiZwEKyTKEaiULB2OL6e+u0HpjSP5T1kCfMjMpR8wCkBIwV29TaQ+BL3gD1CTmOpwZkEds113BnwMvEKUkMFGoH91evHNI2YBCqI1l3PTcDPiQJOBZtUeqlmCaFjMmRdQyWJmPbz2fETfGyUPh7EypQEPFN/T+Qk0jqLQtMZERjpRW8q/ud1Uxhc+DmXSQpM0vmiQSowxHiaBO5zxSiIzBBCFTe3YjoiilAweVVMCN7iy8ukdep4ruPdndXqV0UcZXSIjtAJ8tA5qqMb1EBNRFGGntErerOerBfr3fqYt5asYqaK/sD6/AEiRpRv</latexit><latexit sha1_base64="WlWaS6qB51SDwMDGtFa8HFY8cZ8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5CIoBeh6MWTVLAf0Iaw2W7bpZtN2J2IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5oWJ4Bpc99sqrayurW+UNytb2zu7e/b+QUvHqaKsSWMRq05INBNcsiZwEKyTKEaiULB2OL6e+u0HpjSP5T1kCfMjMpR8wCkBIwV29TaQ+BL3gD1CTmOpwZkEds113BnwMvEKUkMFGoH91evHNI2YBCqI1l3PTcDPiQJOBZtUeqlmCaFjMmRdQyWJmPbz2fETfGyUPh7EypQEPFN/T+Qk0jqLQtMZERjpRW8q/ud1Uxhc+DmXSQpM0vmiQSowxHiaBO5zxSiIzBBCFTe3YjoiilAweVVMCN7iy8ukdep4ruPdndXqV0UcZXSIjtAJ8tA5qqMb1EBNRFGGntErerOerBfr3fqYt5asYqaK/sD6/AEiRpRv</latexit><latexit sha1_base64="WlWaS6qB51SDwMDGtFa8HFY8cZ8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5CIoBeh6MWTVLAf0Iaw2W7bpZtN2J2IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5oWJ4Bpc99sqrayurW+UNytb2zu7e/b+QUvHqaKsSWMRq05INBNcsiZwEKyTKEaiULB2OL6e+u0HpjSP5T1kCfMjMpR8wCkBIwV29TaQ+BL3gD1CTmOpwZkEds113BnwMvEKUkMFGoH91evHNI2YBCqI1l3PTcDPiQJOBZtUeqlmCaFjMmRdQyWJmPbz2fETfGyUPh7EypQEPFN/T+Qk0jqLQtMZERjpRW8q/ud1Uxhc+DmXSQpM0vmiQSowxHiaBO5zxSiIzBBCFTe3YjoiilAweVVMCN7iy8ukdep4ruPdndXqV0UcZXSIjtAJ8tA5qqMb1EBNRFGGntErerOerBfr3fqYt5asYqaK/sD6/AEiRpRv</latexit><latexit sha1_base64="WlWaS6qB51SDwMDGtFa8HFY8cZ8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5CIoBeh6MWTVLAf0Iaw2W7bpZtN2J2IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5oWJ4Bpc99sqrayurW+UNytb2zu7e/b+QUvHqaKsSWMRq05INBNcsiZwEKyTKEaiULB2OL6e+u0HpjSP5T1kCfMjMpR8wCkBIwV29TaQ+BL3gD1CTmOpwZkEds113BnwMvEKUkMFGoH91evHNI2YBCqI1l3PTcDPiQJOBZtUeqlmCaFjMmRdQyWJmPbz2fETfGyUPh7EypQEPFN/T+Qk0jqLQtMZERjpRW8q/ud1Uxhc+DmXSQpM0vmiQSowxHiaBO5zxSiIzBBCFTe3YjoiilAweVVMCN7iy8ukdep4ruPdndXqV0UcZXSIjtAJ8tA5qqMb1EBNRFGGntErerOerBfr3fqYt5asYqaK/sD6/AEiRpRv</latexit>



bioexcel.eu

AWH in action
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The initial update size

• Sets fluctuation of the free energy and the bias.
• Slow regions get larger fluctuations than fast ones (given N)
• Parameterized in AWH by a diffusion constant  

|�F | ⇠ 1

N
<latexit sha1_base64="Sm0fNJpHlBdIK9EivvmrDeeXAMY=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5KIoMeiIp6kgv2AJpTNdtMu3WzC7kYoafHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OChDOlHefbWlhcWl5ZLawV1zc2t7btnd26ilNJaI3EPJbNACvKmaA1zTSnzURSHAWcNoL+5dhvPFCpWCzu9SChfoS7goWMYG2ktr0/9K4o1xhdDz3FIi+UmGTuKLsdte2SU3YmQPPEzUkJclTb9pfXiUkaUaEJx0q1XCfRfoalZoTTUdFLFU0w6eMubRkqcESVn01eGKEjo3RQGEtTQqOJ+nsiw5FSgygwnRHWPTXrjcX/vFaqw3M/YyJJNRVkuihMOdIxGueBOkxSovnAEEwkM7ci0sMmBW1SK5oQ3NmX50n9pOw6ZffutFS5yOMowAEcwjG4cAYVuIEq1IDAIzzDK7xZT9aL9W59TFsXrHxmD/7A+vwBQmeXVQ==</latexit><latexit sha1_base64="Sm0fNJpHlBdIK9EivvmrDeeXAMY=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5KIoMeiIp6kgv2AJpTNdtMu3WzC7kYoafHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OChDOlHefbWlhcWl5ZLawV1zc2t7btnd26ilNJaI3EPJbNACvKmaA1zTSnzURSHAWcNoL+5dhvPFCpWCzu9SChfoS7goWMYG2ktr0/9K4o1xhdDz3FIi+UmGTuKLsdte2SU3YmQPPEzUkJclTb9pfXiUkaUaEJx0q1XCfRfoalZoTTUdFLFU0w6eMubRkqcESVn01eGKEjo3RQGEtTQqOJ+nsiw5FSgygwnRHWPTXrjcX/vFaqw3M/YyJJNRVkuihMOdIxGueBOkxSovnAEEwkM7ci0sMmBW1SK5oQ3NmX50n9pOw6ZffutFS5yOMowAEcwjG4cAYVuIEq1IDAIzzDK7xZT9aL9W59TFsXrHxmD/7A+vwBQmeXVQ==</latexit><latexit sha1_base64="Sm0fNJpHlBdIK9EivvmrDeeXAMY=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5KIoMeiIp6kgv2AJpTNdtMu3WzC7kYoafHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OChDOlHefbWlhcWl5ZLawV1zc2t7btnd26ilNJaI3EPJbNACvKmaA1zTSnzURSHAWcNoL+5dhvPFCpWCzu9SChfoS7goWMYG2ktr0/9K4o1xhdDz3FIi+UmGTuKLsdte2SU3YmQPPEzUkJclTb9pfXiUkaUaEJx0q1XCfRfoalZoTTUdFLFU0w6eMubRkqcESVn01eGKEjo3RQGEtTQqOJ+nsiw5FSgygwnRHWPTXrjcX/vFaqw3M/YyJJNRVkuihMOdIxGueBOkxSovnAEEwkM7ci0sMmBW1SK5oQ3NmX50n9pOw6ZffutFS5yOMowAEcwjG4cAYVuIEq1IDAIzzDK7xZT9aL9W59TFsXrHxmD/7A+vwBQmeXVQ==</latexit><latexit sha1_base64="Sm0fNJpHlBdIK9EivvmrDeeXAMY=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5KIoMeiIp6kgv2AJpTNdtMu3WzC7kYoafHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OChDOlHefbWlhcWl5ZLawV1zc2t7btnd26ilNJaI3EPJbNACvKmaA1zTSnzURSHAWcNoL+5dhvPFCpWCzu9SChfoS7goWMYG2ktr0/9K4o1xhdDz3FIi+UmGTuKLsdte2SU3YmQPPEzUkJclTb9pfXiUkaUaEJx0q1XCfRfoalZoTTUdFLFU0w6eMubRkqcESVn01eGKEjo3RQGEtTQqOJ+nsiw5FSgygwnRHWPTXrjcX/vFaqw3M/YyJJNRVkuihMOdIxGueBOkxSovnAEEwkM7ci0sMmBW1SK5oQ3NmX50n9pOw6ZffutFS5yOMowAEcwjG4cAYVuIEq1IDAIzzDK7xZT9aL9W59TFsXrHxmD/7A+vwBQmeXVQ==</latexit>

D
<latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit>

1

N0
⇠ D

<latexit sha1_base64="ZlomA9a+GMPmLrrH+3/Qvwsr50w=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFXbiSCvYBTSiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkSzpR2nG+rtLS8srpWXq9sbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Orid9+oFKxWNzrcUL9CA8ECxnB2kg9+8ALJSaZm2e3PSdHnmIRuu7ZVafmTIEWiVuQKhRo9Owvrx+TNKJCE46V6rpOov0MS80Ip3nFSxVNMBnhAe0aKnBElZ9Nr8/RsVH6KIylKaHRVP09keFIqXEUmM4I66Ga9ybif1431eGFnzGRpJoKMlsUphzpGE2iQH0mKdF8bAgmkplbERliE4c2gVVMCO78y4ukdVpznZp7d1atXxZxlOEQjuAEXDiHOtxAA5pA4BGe4RXerCfrxXq3PmatJauY2Yc/sD5/AHpflJI=</latexit><latexit sha1_base64="ZlomA9a+GMPmLrrH+3/Qvwsr50w=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFXbiSCvYBTSiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkSzpR2nG+rtLS8srpWXq9sbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Orid9+oFKxWNzrcUL9CA8ECxnB2kg9+8ALJSaZm2e3PSdHnmIRuu7ZVafmTIEWiVuQKhRo9Owvrx+TNKJCE46V6rpOov0MS80Ip3nFSxVNMBnhAe0aKnBElZ9Nr8/RsVH6KIylKaHRVP09keFIqXEUmM4I66Ga9ybif1431eGFnzGRpJoKMlsUphzpGE2iQH0mKdF8bAgmkplbERliE4c2gVVMCO78y4ukdVpznZp7d1atXxZxlOEQjuAEXDiHOtxAA5pA4BGe4RXerCfrxXq3PmatJauY2Yc/sD5/AHpflJI=</latexit><latexit sha1_base64="ZlomA9a+GMPmLrrH+3/Qvwsr50w=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFXbiSCvYBTSiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkSzpR2nG+rtLS8srpWXq9sbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Orid9+oFKxWNzrcUL9CA8ECxnB2kg9+8ALJSaZm2e3PSdHnmIRuu7ZVafmTIEWiVuQKhRo9Owvrx+TNKJCE46V6rpOov0MS80Ip3nFSxVNMBnhAe0aKnBElZ9Nr8/RsVH6KIylKaHRVP09keFIqXEUmM4I66Ga9ybif1431eGFnzGRpJoKMlsUphzpGE2iQH0mKdF8bAgmkplbERliE4c2gVVMCO78y4ukdVpznZp7d1atXxZxlOEQjuAEXDiHOtxAA5pA4BGe4RXerCfrxXq3PmatJauY2Yc/sD5/AHpflJI=</latexit><latexit sha1_base64="ZlomA9a+GMPmLrrH+3/Qvwsr50w=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFXbiSCvYBTSiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkSzpR2nG+rtLS8srpWXq9sbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Orid9+oFKxWNzrcUL9CA8ECxnB2kg9+8ALJSaZm2e3PSdHnmIRuu7ZVafmTIEWiVuQKhRo9Owvrx+TNKJCE46V6rpOov0MS80Ip3nFSxVNMBnhAe0aKnBElZ9Nr8/RsVH6KIylKaHRVP09keFIqXEUmM4I66Ga9ybif1431eGFnzGRpJoKMlsUphzpGE2iQH0mKdF8bAgmkplbERliE4c2gVVMCO78y4ukdVpznZp7d1atXxZxlOEQjuAEXDiHOtxAA5pA4BGe4RXerCfrxXq3PmatJauY2Yc/sD5/AHpflJI=</latexit>

• Slow system — small D
• Fast system — large D

slow	small	D

fast,	large	D	

⇠
<latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit>

⇠(t)
<latexit sha1_base64="wXc6Eerg6F1bX9B3/aq+MbeGbO8=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaUDbbTbt2swm7E7GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9ci1EbG6x3HC/YgOlAgFo2ilZvdJVPCsVyq7VXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezaCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XPbfq3V2Ua9d5HAU4hhOogAeXUINbqEMDGDzAM7zCmxM7L8678zFvXXHymSP4A+fzB/nBjrg=</latexit><latexit sha1_base64="wXc6Eerg6F1bX9B3/aq+MbeGbO8=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaUDbbTbt2swm7E7GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9ci1EbG6x3HC/YgOlAgFo2ilZvdJVPCsVyq7VXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezaCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XPbfq3V2Ua9d5HAU4hhOogAeXUINbqEMDGDzAM7zCmxM7L8678zFvXXHymSP4A+fzB/nBjrg=</latexit><latexit sha1_base64="wXc6Eerg6F1bX9B3/aq+MbeGbO8=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaUDbbTbt2swm7E7GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9ci1EbG6x3HC/YgOlAgFo2ilZvdJVPCsVyq7VXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezaCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XPbfq3V2Ua9d5HAU4hhOogAeXUINbqEMDGDzAM7zCmxM7L8678zFvXXHymSP4A+fzB/nBjrg=</latexit><latexit sha1_base64="wXc6Eerg6F1bX9B3/aq+MbeGbO8=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaUDbbTbt2swm7E7GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9ci1EbG6x3HC/YgOlAgFo2ilZvdJVPCsVyq7VXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezaCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhMXyd9oTlDObaEMi3srYQNqaYMbUBFG4K3+PIyaZ5XPbfq3V2Ua9d5HAU4hhOogAeXUINbqEMDGDzAM7zCmxM7L8678zFvXXHymSP4A+fzB/nBjrg=</latexit>
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