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<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="n7d9G3IOebwmfrDO1fqlJCx5XJ8="></latexit>

f (x) = w1 · x1 + w2 · x2 + w3 · x3 + b

— linear case
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<latexit sha1_base64="71aII1SgvazdhzDUJEvTyj76cLs=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5ct2Ae0Q8mkmTY0kwxJRhiHonu3+gnuxK3f4hf4G2baLmzrgQuHc+7NvTlBzJk2rvvtFNbWNza3itulnd29/YPy4VFLy0QR2iSSS9UJsKacCdo0zHDaiRXFUcBpOxjf5n77gSrNpLg3aUz9CA8FCxnBxkqNtF+uuFV3CrRKvDmpwBz1fvmnN5AkiagwhGOtu54bGz/DyjDC6aTUSzSNMRnjIe1aKnBEtZ9ND52gM6sMUCiVLWHQVP07keFI6zQKbGeEzUgve7n4n9dNTHjjZ0zEiaGCzBaFCUdGovzXaMAUJYanlmCimL0VkRFWmBibzcKW/O0YP8qJTcZbzmGVtC6q3lX1snFZqbWeZxkV4QRO4Rw8uIYa3EEdmkCAwgu8wpvz5Lw7H87nrLXgzHM9hgU4X78j6Jbp</latexit>y

<latexit sha1_base64="MkGuK5FwthrEbyA05/ykne0G8qo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV5nfvKdKMynuzCimfoT7goWMYGOl24eu1y2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvfNy5aZSqjaephnl4QiO4RQ8uIAqXEMN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0CU7GXjA==</latexit>x1
<latexit sha1_base64="E4+Zf5x7vG0r/JrlMvfeTebSItc=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcuK9gHtUDJppg3NJEOSEetQ0A9wq5/gTtz6KX6Bv2Gm7cK2HrhwOOfe3JsTxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDq8xv3lOlmRR3ZhRTP8J9wUJGsLHS7UO33C0U3ZI7AVom3owUYYZat/DT6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k8np47RqVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZRL3nmpclMpVhtP04xycAwncAYeXEAVrqEGdSDQhxd4hTfn2Xl3PpzPaeuKM8v1CObgfP0CVUqXjQ==</latexit>x2
<latexit sha1_base64="DwQvglya3AlYdxSgY05TaGF96JQ=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgtbPXDhcM69uTcniDnTxnW/nNzS8srqWn69sLG5tb1T3N1raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy8xv3lGlmRS3ZhRTP8J9wUJGsLHSzX33tFssuWV3AvSXeDNSghlq3eJ3pydJElFhCMdatz03Nn6KlWGE03Ghk2gaYzLEfdq2VOCIaj+dnDpGR1bpoVAqW8Kgifp7IsWR1qMosJ0RNgO96GXif147MeGFnzIRJ4YKMl0UJhwZibJ/ox5TlBg+sgQTxeytiAywwsTYdOa2ZG/H+EGObTLeYg5/SeOk7J2VK9eVUrXxOM0oDwdwCMfgwTlU4QpqUAcCfXiGF3h1npw35935mLbmnFmu+zAH5/MHVuOXjg==</latexit>x3

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="n7d9G3IOebwmfrDO1fqlJCx5XJ8="></latexit>

f (x) = w1 · x1 + w2 · x2 + w3 · x3 + b

Unknown parameters. We must optimize ("train") the network to find good values for these.

— linear case
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<latexit sha1_base64="71aII1SgvazdhzDUJEvTyj76cLs=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5ct2Ae0Q8mkmTY0kwxJRhiHonu3+gnuxK3f4hf4G2baLmzrgQuHc+7NvTlBzJk2rvvtFNbWNza3itulnd29/YPy4VFLy0QR2iSSS9UJsKacCdo0zHDaiRXFUcBpOxjf5n77gSrNpLg3aUz9CA8FCxnBxkqNtF+uuFV3CrRKvDmpwBz1fvmnN5AkiagwhGOtu54bGz/DyjDC6aTUSzSNMRnjIe1aKnBEtZ9ND52gM6sMUCiVLWHQVP07keFI6zQKbGeEzUgve7n4n9dNTHjjZ0zEiaGCzBaFCUdGovzXaMAUJYanlmCimL0VkRFWmBibzcKW/O0YP8qJTcZbzmGVtC6q3lX1snFZqbWeZxkV4QRO4Rw8uIYa3EEdmkCAwgu8wpvz5Lw7H87nrLXgzHM9hgU4X78j6Jbp</latexit>y

<latexit sha1_base64="MkGuK5FwthrEbyA05/ykne0G8qo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV5nfvKdKMynuzCimfoT7goWMYGOl24eu1y2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvfNy5aZSqjaephnl4QiO4RQ8uIAqXEMN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0CU7GXjA==</latexit>x1
<latexit sha1_base64="E4+Zf5x7vG0r/JrlMvfeTebSItc=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcuK9gHtUDJppg3NJEOSEetQ0A9wq5/gTtz6KX6Bv2Gm7cK2HrhwOOfe3JsTxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDq8xv3lOlmRR3ZhRTP8J9wUJGsLHS7UO33C0U3ZI7AVom3owUYYZat/DT6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k8np47RqVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZRL3nmpclMpVhtP04xycAwncAYeXEAVrqEGdSDQhxd4hTfn2Xl3PpzPaeuKM8v1CObgfP0CVUqXjQ==</latexit>x2
<latexit sha1_base64="DwQvglya3AlYdxSgY05TaGF96JQ=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgtbPXDhcM69uTcniDnTxnW/nNzS8srqWn69sLG5tb1T3N1raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy8xv3lGlmRS3ZhRTP8J9wUJGsLHSzX33tFssuWV3AvSXeDNSghlq3eJ3pydJElFhCMdatz03Nn6KlWGE03Ghk2gaYzLEfdq2VOCIaj+dnDpGR1bpoVAqW8Kgifp7IsWR1qMosJ0RNgO96GXif147MeGFnzIRJ4YKMl0UJhwZibJ/ox5TlBg+sgQTxeytiAywwsTYdOa2ZG/H+EGObTLeYg5/SeOk7J2VK9eVUrXxOM0oDwdwCMfgwTlU4QpqUAcCfXiGF3h1npw35935mLbmnFmu+zAH5/MHVuOXjg==</latexit>x3

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="n7d9G3IOebwmfrDO1fqlJCx5XJ8="></latexit>

f (x) = w1 · x1 + w2 · x2 + w3 · x3 + b
<latexit sha1_base64="iTqakpzs8UuzXRrdbbJdzEwtbqU=">AAACGnicbVDLSgMxFM34rPU16lIXwSIIQpmRom6EghuXFewDOkPJZDJtaGYyJBm1DgPid/gBbvUT3IlbN36Bv2GmrWBbDwROzrk39+Z4MaNSWdaXMTe/sLi0XFgprq6tb2yaW9sNyROBSR1zxkXLQ5IwGpG6ooqRViwICj1Gml7/IvebN0RIyqNrNYiJG6JuRAOKkdJSx9w7d0Kkel6Q3mYO9rn6vd5lR17HLFllawg4S+wxKYExah3z2/E5TkISKcyQlG3bipWbIqEoZiQrOokkMcJ91CVtTSMUEummw19k8EArPgy40CdScKj+7UhRKOUg9HRlvqOc9nLxP6+dqODMTWkUJ4pEeDQoSBhUHOaRQJ8KghUbaIKwoHpXiHtIIKx0cBNT8rdjdM8znYw9ncMsaRyX7ZNy5apSqjYeRhkVwC7YB4fABqegCi5BDdQBBo/gGbyAV+PJeDPejY9R6ZwxznUHTMD4/AFrKKL6</latexit>

= w · x + b

Unknown parameters. We must optimize ("train") the network to find good values for these.

— linear case
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<latexit sha1_base64="71aII1SgvazdhzDUJEvTyj76cLs=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5ct2Ae0Q8mkmTY0kwxJRhiHonu3+gnuxK3f4hf4G2baLmzrgQuHc+7NvTlBzJk2rvvtFNbWNza3itulnd29/YPy4VFLy0QR2iSSS9UJsKacCdo0zHDaiRXFUcBpOxjf5n77gSrNpLg3aUz9CA8FCxnBxkqNtF+uuFV3CrRKvDmpwBz1fvmnN5AkiagwhGOtu54bGz/DyjDC6aTUSzSNMRnjIe1aKnBEtZ9ND52gM6sMUCiVLWHQVP07keFI6zQKbGeEzUgve7n4n9dNTHjjZ0zEiaGCzBaFCUdGovzXaMAUJYanlmCimL0VkRFWmBibzcKW/O0YP8qJTcZbzmGVtC6q3lX1snFZqbWeZxkV4QRO4Rw8uIYa3EEdmkCAwgu8wpvz5Lw7H87nrLXgzHM9hgU4X78j6Jbp</latexit>y

<latexit sha1_base64="MkGuK5FwthrEbyA05/ykne0G8qo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV5nfvKdKMynuzCimfoT7goWMYGOl24eu1y2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvfNy5aZSqjaephnl4QiO4RQ8uIAqXEMN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0CU7GXjA==</latexit>x1
<latexit sha1_base64="E4+Zf5x7vG0r/JrlMvfeTebSItc=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcuK9gHtUDJppg3NJEOSEetQ0A9wq5/gTtz6KX6Bv2Gm7cK2HrhwOOfe3JsTxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDq8xv3lOlmRR3ZhRTP8J9wUJGsLHS7UO33C0U3ZI7AVom3owUYYZat/DT6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k8np47RqVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZRL3nmpclMpVhtP04xycAwncAYeXEAVrqEGdSDQhxd4hTfn2Xl3PpzPaeuKM8v1CObgfP0CVUqXjQ==</latexit>x2
<latexit sha1_base64="DwQvglya3AlYdxSgY05TaGF96JQ=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgtbPXDhcM69uTcniDnTxnW/nNzS8srqWn69sLG5tb1T3N1raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy8xv3lGlmRS3ZhRTP8J9wUJGsLHSzX33tFssuWV3AvSXeDNSghlq3eJ3pydJElFhCMdatz03Nn6KlWGE03Ghk2gaYzLEfdq2VOCIaj+dnDpGR1bpoVAqW8Kgifp7IsWR1qMosJ0RNgO96GXif147MeGFnzIRJ4YKMl0UJhwZibJ/ox5TlBg+sgQTxeytiAywwsTYdOa2ZG/H+EGObTLeYg5/SeOk7J2VK9eVUrXxOM0oDwdwCMfgwTlU4QpqUAcCfXiGF3h1npw35935mLbmnFmu+zAH5/MHVuOXjg==</latexit>x3

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="n7d9G3IOebwmfrDO1fqlJCx5XJ8="></latexit>

f (x) = w1 · x1 + w2 · x2 + w3 · x3 + b
<latexit sha1_base64="iTqakpzs8UuzXRrdbbJdzEwtbqU=">AAACGnicbVDLSgMxFM34rPU16lIXwSIIQpmRom6EghuXFewDOkPJZDJtaGYyJBm1DgPid/gBbvUT3IlbN36Bv2GmrWBbDwROzrk39+Z4MaNSWdaXMTe/sLi0XFgprq6tb2yaW9sNyROBSR1zxkXLQ5IwGpG6ooqRViwICj1Gml7/IvebN0RIyqNrNYiJG6JuRAOKkdJSx9w7d0Kkel6Q3mYO9rn6vd5lR17HLFllawg4S+wxKYExah3z2/E5TkISKcyQlG3bipWbIqEoZiQrOokkMcJ91CVtTSMUEummw19k8EArPgy40CdScKj+7UhRKOUg9HRlvqOc9nLxP6+dqODMTWkUJ4pEeDQoSBhUHOaRQJ8KghUbaIKwoHpXiHtIIKx0cBNT8rdjdM8znYw9ncMsaRyX7ZNy5apSqjYeRhkVwC7YB4fABqegCi5BDdQBBo/gGbyAV+PJeDPejY9R6ZwxznUHTMD4/AFrKKL6</latexit>

= w · x + b

Unknown parameters. We must optimize ("train") the network to find good values for these.

— linear case

"Weights" "Bias"
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<latexit sha1_base64="71aII1SgvazdhzDUJEvTyj76cLs=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5ct2Ae0Q8mkmTY0kwxJRhiHonu3+gnuxK3f4hf4G2baLmzrgQuHc+7NvTlBzJk2rvvtFNbWNza3itulnd29/YPy4VFLy0QR2iSSS9UJsKacCdo0zHDaiRXFUcBpOxjf5n77gSrNpLg3aUz9CA8FCxnBxkqNtF+uuFV3CrRKvDmpwBz1fvmnN5AkiagwhGOtu54bGz/DyjDC6aTUSzSNMRnjIe1aKnBEtZ9ND52gM6sMUCiVLWHQVP07keFI6zQKbGeEzUgve7n4n9dNTHjjZ0zEiaGCzBaFCUdGovzXaMAUJYanlmCimL0VkRFWmBibzcKW/O0YP8qJTcZbzmGVtC6q3lX1snFZqbWeZxkV4QRO4Rw8uIYa3EEdmkCAwgu8wpvz5Lw7H87nrLXgzHM9hgU4X78j6Jbp</latexit>y

<latexit sha1_base64="MkGuK5FwthrEbyA05/ykne0G8qo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV5nfvKdKMynuzCimfoT7goWMYGOl24eu1y2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvfNy5aZSqjaephnl4QiO4RQ8uIAqXEMN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0CU7GXjA==</latexit>x1
<latexit sha1_base64="E4+Zf5x7vG0r/JrlMvfeTebSItc=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcuK9gHtUDJppg3NJEOSEetQ0A9wq5/gTtz6KX6Bv2Gm7cK2HrhwOOfe3JsTxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDq8xv3lOlmRR3ZhRTP8J9wUJGsLHS7UO33C0U3ZI7AVom3owUYYZat/DT6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k8np47RqVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZRL3nmpclMpVhtP04xycAwncAYeXEAVrqEGdSDQhxd4hTfn2Xl3PpzPaeuKM8v1CObgfP0CVUqXjQ==</latexit>x2
<latexit sha1_base64="DwQvglya3AlYdxSgY05TaGF96JQ=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgtbPXDhcM69uTcniDnTxnW/nNzS8srqWn69sLG5tb1T3N1raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy8xv3lGlmRS3ZhRTP8J9wUJGsLHSzX33tFssuWV3AvSXeDNSghlq3eJ3pydJElFhCMdatz03Nn6KlWGE03Ghk2gaYzLEfdq2VOCIaj+dnDpGR1bpoVAqW8Kgifp7IsWR1qMosJ0RNgO96GXif147MeGFnzIRJ4YKMl0UJhwZibJ/ox5TlBg+sgQTxeytiAywwsTYdOa2ZG/H+EGObTLeYg5/SeOk7J2VK9eVUrXxOM0oDwdwCMfgwTlU4QpqUAcCfXiGF3h1npw35935mLbmnFmu+zAH5/MHVuOXjg==</latexit>x3

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

— linear case
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<latexit sha1_base64="71aII1SgvazdhzDUJEvTyj76cLs=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5ct2Ae0Q8mkmTY0kwxJRhiHonu3+gnuxK3f4hf4G2baLmzrgQuHc+7NvTlBzJk2rvvtFNbWNza3itulnd29/YPy4VFLy0QR2iSSS9UJsKacCdo0zHDaiRXFUcBpOxjf5n77gSrNpLg3aUz9CA8FCxnBxkqNtF+uuFV3CrRKvDmpwBz1fvmnN5AkiagwhGOtu54bGz/DyjDC6aTUSzSNMRnjIe1aKnBEtZ9ND52gM6sMUCiVLWHQVP07keFI6zQKbGeEzUgve7n4n9dNTHjjZ0zEiaGCzBaFCUdGovzXaMAUJYanlmCimL0VkRFWmBibzcKW/O0YP8qJTcZbzmGVtC6q3lX1snFZqbWeZxkV4QRO4Rw8uIYa3EEdmkCAwgu8wpvz5Lw7H87nrLXgzHM9hgU4X78j6Jbp</latexit>y<latexit sha1_base64="MkGuK5FwthrEbyA05/ykne0G8qo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV5nfvKdKMynuzCimfoT7goWMYGOl24eu1y2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvfNy5aZSqjaephnl4QiO4RQ8uIAqXEMN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0CU7GXjA==</latexit>x1

<latexit sha1_base64="E4+Zf5x7vG0r/JrlMvfeTebSItc=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcuK9gHtUDJppg3NJEOSEetQ0A9wq5/gTtz6KX6Bv2Gm7cK2HrhwOOfe3JsTxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDq8xv3lOlmRR3ZhRTP8J9wUJGsLHS7UO33C0U3ZI7AVom3owUYYZat/DT6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k8np47RqVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZRL3nmpclMpVhtP04xycAwncAYeXEAVrqEGdSDQhxd4hTfn2Xl3PpzPaeuKM8v1CObgfP0CVUqXjQ==</latexit>x2

<latexit sha1_base64="DwQvglya3AlYdxSgY05TaGF96JQ=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgtbPXDhcM69uTcniDnTxnW/nNzS8srqWn69sLG5tb1T3N1raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy8xv3lGlmRS3ZhRTP8J9wUJGsLHSzX33tFssuWV3AvSXeDNSghlq3eJ3pydJElFhCMdatz03Nn6KlWGE03Ghk2gaYzLEfdq2VOCIaj+dnDpGR1bpoVAqW8Kgifp7IsWR1qMosJ0RNgO96GXif147MeGFnzIRJ4YKMl0UJhwZibJ/ox5TlBg+sgQTxeytiAywwsTYdOa2ZG/H+EGObTLeYg5/SeOk7J2VK9eVUrXxOM0oDwdwCMfgwTlU4QpqUAcCfXiGF3h1npw35935mLbmnFmu+zAH5/MHVuOXjg==</latexit>x3

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

— linear case
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<latexit sha1_base64="iy6T2ZdN9u4Svn3VQYiyqAMJc5o=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7QPaoWTSTBuaSYYkI4xDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O4WV1bX1jeJmaWt7Z3evvH/Q1DJRhDaI5FK1A6wpZ4I2DDOctmNFcRRw2gpG17nfeqBKMynuTRpTP8IDwUJGsLHSXdrzeuWKW3UnQMvEm5EKzFDvlX+6fUmSiApDONa647mx8TOsDCOcjkvdRNMYkxEe0I6lAkdU+9nk1DE6sUofhVLZEgZN1L8TGY60TqPAdkbYDPWil4v/eZ3EhFd+xkScGCrIdFGYcGQkyv+N+kxRYnhqCSaK2VsRGWKFibHpzG3J347xoxzbZLzFHJZJ86zqXVTPb88rtebTNKMiHMExnIIHl1CDG6hDAwgM4AVe4c15dt6dD+dz2lpwZrkewhycr19VTJeN</latexit>y1

An artificial neuron

10

<latexit sha1_base64="MkGuK5FwthrEbyA05/ykne0G8qo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV5nfvKdKMynuzCimfoT7goWMYGOl24eu1y2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvfNy5aZSqjaephnl4QiO4RQ8uIAqXEMN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0CU7GXjA==</latexit>x1

<latexit sha1_base64="E4+Zf5x7vG0r/JrlMvfeTebSItc=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcuK9gHtUDJppg3NJEOSEetQ0A9wq5/gTtz6KX6Bv2Gm7cK2HrhwOOfe3JsTxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDq8xv3lOlmRR3ZhRTP8J9wUJGsLHS7UO33C0U3ZI7AVom3owUYYZat/DT6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k8np47RqVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZRL3nmpclMpVhtP04xycAwncAYeXEAVrqEGdSDQhxd4hTfn2Xl3PpzPaeuKM8v1CObgfP0CVUqXjQ==</latexit>x2

<latexit sha1_base64="DwQvglya3AlYdxSgY05TaGF96JQ=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgtbPXDhcM69uTcniDnTxnW/nNzS8srqWn69sLG5tb1T3N1raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy8xv3lGlmRS3ZhRTP8J9wUJGsLHSzX33tFssuWV3AvSXeDNSghlq3eJ3pydJElFhCMdatz03Nn6KlWGE03Ghk2gaYzLEfdq2VOCIaj+dnDpGR1bpoVAqW8Kgifp7IsWR1qMosJ0RNgO96GXif147MeGFnzIRJ4YKMl0UJhwZibJ/ox5TlBg+sgQTxeytiAywwsTYdOa2ZG/H+EGObTLeYg5/SeOk7J2VK9eVUrXxOM0oDwdwCMfgwTlU4QpqUAcCfXiGF3h1npw35935mLbmnFmu+zAH5/MHVuOXjg==</latexit>x3

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

— linear case

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="DZ4XiJRJ7rrWxga9k5Jpefa6NlY=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWtA9oh5JJM21oJhmSjDAOBf0At/oJ7sStn+IX+Bumj4VtPXDhcM69uTcniDnTxnW/ndza+sbmVn67sLO7t39QPDxqapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj64nfeqBKMynuTRpTP8IDwUJGsLHSXdqr9Iolt+xOgVaJNyclmKPeK/50+5IkERWGcKx1x3Nj42dYGUY4HRe6iaYxJiM8oB1LBY6o9rPpqWN0ZpU+CqWyJQyaqn8nMhxpnUaB7YywGeplbyL+53USE175GRNxYqggs0VhwpGRaPJv1GeKEsNTSzBRzN6KyBArTIxNZ2HL5O0YP8qxTcZbzmGVNCtl76Jcva2Was2nWUZ5OIFTOAcPLqEGN1CHBhAYwAu8wpvz7Lw7H87nrDXnzHM9hgU4X79W5ZeO</latexit>y2

<latexit sha1_base64="kHnaBJGVS0N3qZLxjwmPSosbGtY=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkaRuaSYYkI4xDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHGmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJWhNaJ5FK1AqwpZ4LWDTOctiJFcRhw2gxG15nffKBKMynuTRJRP8QDwfqMYGOlu6R73i2W3LI7AVom3oyUYIZat/jT6UkSh1QYwrHWbc+NjJ9iZRjhdFzoxJpGmIzwgLYtFTik2k8np47RiVV6qC+VLWHQRP07keJQ6yQMbGeIzVAvepn4n9eOTf/KT5mIYkMFmS7qxxwZibJ/ox5TlBieWIKJYvZWRIZYYWJsOnNbsrcj/CjHNhlvMYdl0jgrexflym2lVG08TTPKwxEcwyl4cAlVuIEa1IHAAF7gFd6cZ+fd+XA+p605Z5brIczB+foFWH6Xjw==</latexit>y3
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<latexit sha1_base64="iy6T2ZdN9u4Svn3VQYiyqAMJc5o=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7QPaoWTSTBuaSYYkI4xDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O4WV1bX1jeJmaWt7Z3evvH/Q1DJRhDaI5FK1A6wpZ4I2DDOctmNFcRRw2gpG17nfeqBKMynuTRpTP8IDwUJGsLHSXdrzeuWKW3UnQMvEm5EKzFDvlX+6fUmSiApDONa647mx8TOsDCOcjkvdRNMYkxEe0I6lAkdU+9nk1DE6sUofhVLZEgZN1L8TGY60TqPAdkbYDPWil4v/eZ3EhFd+xkScGCrIdFGYcGQkyv+N+kxRYnhqCSaK2VsRGWKFibHpzG3J347xoxzbZLzFHJZJ86zqXVTPb88rtebTNKMiHMExnIIHl1CDG6hDAwgM4AVe4c15dt6dD+dz2lpwZrkewhycr19VTJeN</latexit>y1

An artificial neuron

10

<latexit sha1_base64="MkGuK5FwthrEbyA05/ykne0G8qo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV5nfvKdKMynuzCimfoT7goWMYGOl24eu1y2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvfNy5aZSqjaephnl4QiO4RQ8uIAqXEMN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0CU7GXjA==</latexit>x1

<latexit sha1_base64="E4+Zf5x7vG0r/JrlMvfeTebSItc=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcuK9gHtUDJppg3NJEOSEetQ0A9wq5/gTtz6KX6Bv2Gm7cK2HrhwOOfe3JsTxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDq8xv3lOlmRR3ZhRTP8J9wUJGsLHS7UO33C0U3ZI7AVom3owUYYZat/DT6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k8np47RqVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjpp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZRL3nmpclMpVhtP04xycAwncAYeXEAVrqEGdSDQhxd4hTfn2Xl3PpzPaeuKM8v1CObgfP0CVUqXjQ==</latexit>x2

<latexit sha1_base64="DwQvglya3AlYdxSgY05TaGF96JQ=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqxDQT/ArX6CO3Hrp/gF/oaZtgtbPXDhcM69uTcniDnTxnW/nNzS8srqWn69sLG5tb1T3N1raJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbDy8xv3lGlmRS3ZhRTP8J9wUJGsLHSzX33tFssuWV3AvSXeDNSghlq3eJ3pydJElFhCMdatz03Nn6KlWGE03Ghk2gaYzLEfdq2VOCIaj+dnDpGR1bpoVAqW8Kgifp7IsWR1qMosJ0RNgO96GXif147MeGFnzIRJ4YKMl0UJhwZibJ/ox5TlBg+sgQTxeytiAywwsTYdOa2ZG/H+EGObTLeYg5/SeOk7J2VK9eVUrXxOM0oDwdwCMfgwTlU4QpqUAcCfXiGF3h1npw35935mLbmnFmu+zAH5/MHVuOXjg==</latexit>x3

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

— linear case

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="DZ4XiJRJ7rrWxga9k5Jpefa6NlY=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWtA9oh5JJM21oJhmSjDAOBf0At/oJ7sStn+IX+Bumj4VtPXDhcM69uTcniDnTxnW/ndza+sbmVn67sLO7t39QPDxqapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj64nfeqBKMynuTRpTP8IDwUJGsLHSXdqr9Iolt+xOgVaJNyclmKPeK/50+5IkERWGcKx1x3Nj42dYGUY4HRe6iaYxJiM8oB1LBY6o9rPpqWN0ZpU+CqWyJQyaqn8nMhxpnUaB7YywGeplbyL+53USE175GRNxYqggs0VhwpGRaPJv1GeKEsNTSzBRzN6KyBArTIxNZ2HL5O0YP8qxTcZbzmGVNCtl76Jcva2Was2nWUZ5OIFTOAcPLqEGN1CHBhAYwAu8wpvz7Lw7H87nrDXnzHM9hgU4X79W5ZeO</latexit>y2

<latexit sha1_base64="kHnaBJGVS0N3qZLxjwmPSosbGtY=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkaRuaSYYkI4xDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHGmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJWhNaJ5FK1AqwpZ4LWDTOctiJFcRhw2gxG15nffKBKMynuTRJRP8QDwfqMYGOlu6R73i2W3LI7AVom3oyUYIZat/jT6UkSh1QYwrHWbc+NjJ9iZRjhdFzoxJpGmIzwgLYtFTik2k8np47RiVV6qC+VLWHQRP07keJQ6yQMbGeIzVAvepn4n9eOTf/KT5mIYkMFmS7qxxwZibJ/ox5TlBieWIKJYvZWRIZYYWJsOnNbsrcj/CjHNhlvMYdl0jgrexflym2lVG08TTPKwxEcwyl4cAlVuIEa1IHAAF7gFd6cZ+fd+XA+p605Z5brIczB+foFWH6Xjw==</latexit>y3

<latexit sha1_base64="V0hsRSGzj6ZNlrqBeOqK13djqdo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2HP6xVLbtmdAq0Sb05KMEe9V/zp9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7afTUyfozCp9FEplSxg0Vf9OpDjSehwFtjPCZqiXvUz8z+skJrzyUybixFBBZovChCMjUfZv1GeKEsPHlmCimL0VkSFWmBibzsKW7O0YP8qJTcZbzmGVNC/KXrVcua2Uas2nWUZ5OIFTOAcPLqEGN1CHBhAYwAu8wpvz7Lw7H87nrDXnzHM9hgU4X782y5d6</latexit>

f1

<latexit sha1_base64="XENzIncJNNd9jLUiuAh5SyqENFg=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2Gv0iuW3LI7BVol3pyUYI56r/jT7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k+np07QmVX6KJTKljBoqv6dSHGk9TgKbGeEzVAve5n4n9dJTHjlp0zEiaGCzBaFCUdGouzfqM8UJYaPLcFEMXsrIkOsMDE2nYUt2dsxfpQTm4y3nMMqaVbK3kW5elst1ZpPs4zycAKncA4eXEINbqAODSAwgBd4hTfn2Xl3PpzPWWvOmed6DAtwvn4BOGSXew==</latexit>

f2

<latexit sha1_base64="I2I2HF1pnAHBrlzzbwBQXvM66mc=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqhDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG15nffKBKMynuzSimfoT7goWMYGOlu7B73i2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjlp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvYty5bZSqjaephnl4QiO4RQ8uIQq3EAN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0COf2XfA==</latexit>

f3
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— linear case
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="V0hsRSGzj6ZNlrqBeOqK13djqdo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2HP6xVLbtmdAq0Sb05KMEe9V/zp9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7afTUyfozCp9FEplSxg0Vf9OpDjSehwFtjPCZqiXvUz8z+skJrzyUybixFBBZovChCMjUfZv1GeKEsPHlmCimL0VkSFWmBibzsKW7O0YP8qJTcZbzmGVNC/KXrVcua2Uas2nWUZ5OIFTOAcPLqEGN1CHBhAYwAu8wpvz7Lw7H87nrDXnzHM9hgU4X782y5d6</latexit>

f1

<latexit sha1_base64="XENzIncJNNd9jLUiuAh5SyqENFg=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2Gv0iuW3LI7BVol3pyUYI56r/jT7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k+np07QmVX6KJTKljBoqv6dSHGk9TgKbGeEzVAve5n4n9dJTHjlp0zEiaGCzBaFCUdGouzfqM8UJYaPLcFEMXsrIkOsMDE2nYUt2dsxfpQTm4y3nMMqaVbK3kW5elst1ZpPs4zycAKncA4eXEINbqAODSAwgBd4hTfn2Xl3PpzPWWvOmed6DAtwvn4BOGSXew==</latexit>

f2

<latexit sha1_base64="I2I2HF1pnAHBrlzzbwBQXvM66mc=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqhDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG15nffKBKMynuzSimfoT7goWMYGOlu7B73i2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjlp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvYty5bZSqjaephnl4QiO4RQ8uIQq3EAN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0COf2XfA==</latexit>

f3
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— linear case
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="V0hsRSGzj6ZNlrqBeOqK13djqdo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2HP6xVLbtmdAq0Sb05KMEe9V/zp9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7afTUyfozCp9FEplSxg0Vf9OpDjSehwFtjPCZqiXvUz8z+skJrzyUybixFBBZovChCMjUfZv1GeKEsPHlmCimL0VkSFWmBibzsKW7O0YP8qJTcZbzmGVNC/KXrVcua2Uas2nWUZ5OIFTOAcPLqEGN1CHBhAYwAu8wpvz7Lw7H87nrDXnzHM9hgU4X782y5d6</latexit>

f1

<latexit sha1_base64="XENzIncJNNd9jLUiuAh5SyqENFg=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2Gv0iuW3LI7BVol3pyUYI56r/jT7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k+np07QmVX6KJTKljBoqv6dSHGk9TgKbGeEzVAve5n4n9dJTHjlp0zEiaGCzBaFCUdGouzfqM8UJYaPLcFEMXsrIkOsMDE2nYUt2dsxfpQTm4y3nMMqaVbK3kW5elst1ZpPs4zycAKncA4eXEINbqAODSAwgBd4hTfn2Xl3PpzPWWvOmed6DAtwvn4BOGSXew==</latexit>

f2

<latexit sha1_base64="I2I2HF1pnAHBrlzzbwBQXvM66mc=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqhDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG15nffKBKMynuzSimfoT7goWMYGOlu7B73i2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjlp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvYty5bZSqjaephnl4QiO4RQ8uIQq3EAN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0COf2XfA==</latexit>

f3

<latexit sha1_base64="SEqSgLwumqz1ltdtpdfPAwMrggw=">AAACIXicbVDdSsMwGE3n35x/Uy+9CQ5BEEYrQ70RBt54OcH9wFpKmqZbWNqUJFVnKXjrc/gA3uojeCfeiQ/ga5huE9zmgcDhnJN8X44XMyqVaX4ahYXFpeWV4mppbX1jc6u8vdOSPBGYNDFnXHQ8JAmjEWkqqhjpxIKg0GOk7Q0ucr99Q4SkPLpWw5g4IepFNKAYKS255QqC59AOkep7QXqbuZaNfa5+hbvsyHMtnTKr5ghwnlgTUgETNNzyt+1znIQkUpghKbuWGSsnRUJRzEhWshNJYoQHqEe6mkYoJNJJR5/J4IFWfBhwoU+k4Ej9eyNFoZTD0NPJfEs56+Xif143UcGZk9IoThSJ8HhQkDCoOMybgT4VBCs21ARhQfWuEPeRQFjp/qam5G/H6J5nuhlrtod50jquWifV2lWtUm89jDsqgj2wDw6BBU5BHVyCBmgCDB7BM3gBr8aT8Wa8Gx/jaMGY9LoLpmB8/QB+IKUB</latexit>

a = w1 · x + b1

<latexit sha1_base64="sUVpihAMFAtCskIfP3yhURGJEl8=">AAACIXicbVDdSsMwGE39nfNv6qU3wSEIwmjHUG+EgTdeTnA/sJaSpukWljYlSdVZCt76HD6At/oI3ol34gP4GqbbBLd5IHA45yTfl+PFjEplmp/GwuLS8spqYa24vrG5tV3a2W1JnghMmpgzLjoekoTRiDQVVYx0YkFQ6DHS9gYXud++IUJSHl2rYUycEPUiGlCMlJbcUhnBc2iHSPW9IL3N3KqNfa5+hbvs2HOrOmVWzBHgPLEmpAwmaLilb9vnOAlJpDBDUnYtM1ZOioSimJGsaCeSxAgPUI90NY1QSKSTjj6TwUOt+DDgQp9IwZH690aKQimHoaeT+ZZy1svF/7xuooIzJ6VRnCgS4fGgIGFQcZg3A30qCFZsqAnCgupdIe4jgbDS/U1Nyd+O0T3PdDPWbA/zpFWtWCeV2lWtXG89jDsqgH1wAI6ABU5BHVyCBmgCDB7BM3gBr8aT8Wa8Gx/j6IIx6XUPTMH4+gGBZaUD</latexit>

a = w2 · x + b2

<latexit sha1_base64="cV7W0AW4FVJZwe9oyb+YgWRCIWc=">AAACIXicbVDNSgMxGMzWv1r/qh69BIsgCGXXFvUiFLx4rGB/oFuWbDbbhmY3S5JV67Lg1efwAbzqI3gTb+ID+Bpm2wq2dSAwzEzyfRk3YlQq0/w0cguLS8sr+dXC2vrG5lZxe6cpeSwwaWDOuGi7SBJGQ9JQVDHSjgRBgctIyx1cZH7rhghJeXithhHpBqgXUp9ipLTkFEsInkM7QKrv+slt6lRs7HH1K9ylR65T0SmzbI4A54k1ISUwQd0pftsex3FAQoUZkrJjmZHqJkgoihlJC3YsSYTwAPVIR9MQBUR2k9FnUnigFQ/6XOgTKjhS/95IUCDlMHB1MttSznqZ+J/XiZV/1k1oGMWKhHg8yI8ZVBxmzUCPCoIVG2qCsKB6V4j7SCCsdH9TU7K3I3TPU92MNdvDPGkel62TcvWqWqo1H8Yd5cEe2AeHwAKnoAYuQR00AAaP4Bm8gFfjyXgz3o2PcTRnTHrdBVMwvn4AhKqlBQ==</latexit>

a = w3 · x + b3
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— linear case
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="V0hsRSGzj6ZNlrqBeOqK13djqdo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2HP6xVLbtmdAq0Sb05KMEe9V/zp9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7afTUyfozCp9FEplSxg0Vf9OpDjSehwFtjPCZqiXvUz8z+skJrzyUybixFBBZovChCMjUfZv1GeKEsPHlmCimL0VkSFWmBibzsKW7O0YP8qJTcZbzmGVNC/KXrVcua2Uas2nWUZ5OIFTOAcPLqEGN1CHBhAYwAu8wpvz7Lw7H87nrDXnzHM9hgU4X782y5d6</latexit>

f1

<latexit sha1_base64="XENzIncJNNd9jLUiuAh5SyqENFg=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2Gv0iuW3LI7BVol3pyUYI56r/jT7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k+np07QmVX6KJTKljBoqv6dSHGk9TgKbGeEzVAve5n4n9dJTHjlp0zEiaGCzBaFCUdGouzfqM8UJYaPLcFEMXsrIkOsMDE2nYUt2dsxfpQTm4y3nMMqaVbK3kW5elst1ZpPs4zycAKncA4eXEINbqAODSAwgBd4hTfn2Xl3PpzPWWvOmed6DAtwvn4BOGSXew==</latexit>

f2

<latexit sha1_base64="I2I2HF1pnAHBrlzzbwBQXvM66mc=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqhDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG15nffKBKMynuzSimfoT7goWMYGOlu7B73i2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjlp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvYty5bZSqjaephnl4QiO4RQ8uIQq3EAN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0COf2XfA==</latexit>

f3

<latexit sha1_base64="SEqSgLwumqz1ltdtpdfPAwMrggw=">AAACIXicbVDdSsMwGE3n35x/Uy+9CQ5BEEYrQ70RBt54OcH9wFpKmqZbWNqUJFVnKXjrc/gA3uojeCfeiQ/ga5huE9zmgcDhnJN8X44XMyqVaX4ahYXFpeWV4mppbX1jc6u8vdOSPBGYNDFnXHQ8JAmjEWkqqhjpxIKg0GOk7Q0ucr99Q4SkPLpWw5g4IepFNKAYKS255QqC59AOkep7QXqbuZaNfa5+hbvsyHMtnTKr5ghwnlgTUgETNNzyt+1znIQkUpghKbuWGSsnRUJRzEhWshNJYoQHqEe6mkYoJNJJR5/J4IFWfBhwoU+k4Ej9eyNFoZTD0NPJfEs56+Xif143UcGZk9IoThSJ8HhQkDCoOMybgT4VBCs21ARhQfWuEPeRQFjp/qam5G/H6J5nuhlrtod50jquWifV2lWtUm89jDsqgj2wDw6BBU5BHVyCBmgCDB7BM3gBr8aT8Wa8Gx/jaMGY9LoLpmB8/QB+IKUB</latexit>

a = w1 · x + b1

<latexit sha1_base64="sUVpihAMFAtCskIfP3yhURGJEl8=">AAACIXicbVDdSsMwGE39nfNv6qU3wSEIwmjHUG+EgTdeTnA/sJaSpukWljYlSdVZCt76HD6At/oI3ol34gP4GqbbBLd5IHA45yTfl+PFjEplmp/GwuLS8spqYa24vrG5tV3a2W1JnghMmpgzLjoekoTRiDQVVYx0YkFQ6DHS9gYXud++IUJSHl2rYUycEPUiGlCMlJbcUhnBc2iHSPW9IL3N3KqNfa5+hbvs2HOrOmVWzBHgPLEmpAwmaLilb9vnOAlJpDBDUnYtM1ZOioSimJGsaCeSxAgPUI90NY1QSKSTjj6TwUOt+DDgQp9IwZH690aKQimHoaeT+ZZy1svF/7xuooIzJ6VRnCgS4fGgIGFQcZg3A30qCFZsqAnCgupdIe4jgbDS/U1Nyd+O0T3PdDPWbA/zpFWtWCeV2lWtXG89jDsqgH1wAI6ABU5BHVyCBmgCDB7BM3gBr8aT8Wa8Gx/j6IIx6XUPTMH4+gGBZaUD</latexit>

a = w2 · x + b2

<latexit sha1_base64="cV7W0AW4FVJZwe9oyb+YgWRCIWc=">AAACIXicbVDNSgMxGMzWv1r/qh69BIsgCGXXFvUiFLx4rGB/oFuWbDbbhmY3S5JV67Lg1efwAbzqI3gTb+ID+Bpm2wq2dSAwzEzyfRk3YlQq0/w0cguLS8sr+dXC2vrG5lZxe6cpeSwwaWDOuGi7SBJGQ9JQVDHSjgRBgctIyx1cZH7rhghJeXithhHpBqgXUp9ipLTkFEsInkM7QKrv+slt6lRs7HH1K9ylR65T0SmzbI4A54k1ISUwQd0pftsex3FAQoUZkrJjmZHqJkgoihlJC3YsSYTwAPVIR9MQBUR2k9FnUnigFQ/6XOgTKjhS/95IUCDlMHB1MttSznqZ+J/XiZV/1k1oGMWKhHg8yI8ZVBxmzUCPCoIVG2qCsKB6V4j7SCCsdH9TU7K3I3TPU92MNdvDPGkel62TcvWqWqo1H8Yd5cEe2AeHwAKnoAYuQR00AAaP4Bm8gFfjyXgz3o2PcTRnTHrdBVMwvn4AhKqlBQ==</latexit>

a = w3 · x + b3

<latexit sha1_base64="fIlfxE0kS2v7zJFQMfupfWwRiKM="></latexit>

f(x) = W · x + b
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— linear case
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)
<latexit sha1_base64="efZAK/FKAWusKCeT05nrV+HBGx4=">AAACCXicbVDLSgMxFL1TX7W+qi7dBItQN2VGirosuHFZwT6gHUomzbShmcyYZMQ6DLj3A9zqJ7gTt36FX+BvmGm7sK0HAodzbu49HC/iTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKnCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SV+a17KhULxa0eR9QN8EAwnxGsjeT65W6A9dDzk4f0tFcs2RV7ArRMnBkpwQz1XvGn2w9JHFChCcdKdRw70m6CpWaE07TQjRWNMBnhAe0YKnBAlZtMQqfoxCh95IfSPKHRRP37I8GBUuPAM5NZRLXoZeJ/XifW/qWbMBHFmgoyPeTHHOkQZQ2gPpOUaD42BBPJTFZEhlhiok1Pc1ey3RF+DFPTjLPYwzJpnlWc80r1plqqNZ+mHeXhCI6hDA5cQA2uoQ4NIHAHL/AKb9az9W59WJ/T0Zw16/UQ5mB9/QInrJvd</latexit>

f (x)

<latexit sha1_base64="V0hsRSGzj6ZNlrqBeOqK13djqdo=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2HP6xVLbtmdAq0Sb05KMEe9V/zp9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7afTUyfozCp9FEplSxg0Vf9OpDjSehwFtjPCZqiXvUz8z+skJrzyUybixFBBZovChCMjUfZv1GeKEsPHlmCimL0VkSFWmBibzsKW7O0YP8qJTcZbzmGVNC/KXrVcua2Uas2nWUZ5OIFTOAcPLqEGN1CHBhAYwAu8wpvz7Lw7H87nrDXnzHM9hgU4X782y5d6</latexit>

f1

<latexit sha1_base64="XENzIncJNNd9jLUiuAh5SyqENFg=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWtA9oh5JJM21oJhmSjFCHgn6AW/0Ed+LWT/EL/A0zbRe29cCFwzn35t6cIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMrjO/9UCVZlLcm3FM/QgPBAsZwcZKd2Gv0iuW3LI7BVol3pyUYI56r/jT7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k+np07QmVX6KJTKljBoqv6dSHGk9TgKbGeEzVAve5n4n9dJTHjlp0zEiaGCzBaFCUdGouzfqM8UJYaPLcFEMXsrIkOsMDE2nYUt2dsxfpQTm4y3nMMqaVbK3kW5elst1ZpPs4zycAKncA4eXEINbqAODSAwgBd4hTfn2Xl3PpzPWWvOmed6DAtwvn4BOGSXew==</latexit>

f2

<latexit sha1_base64="I2I2HF1pnAHBrlzzbwBQXvM66mc=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2ge0Q8mkmTY0kwxJRqhDQT/ArX6CO3Hrp/gF/oaZtgvbeuDC4Zx7c29OEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyG15nffKBKMynuzSimfoT7goWMYGOlu7B73i2W3LI7AVom3oyUYIZat/jT6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k8np47RiVV6KJTKljBoov6dSHGk9SgKbGeEzUAvepn4n9dOTHjlp0zEiaGCTBeFCUdGouzfqMcUJYaPLMFEMXsrIgOsMDE2nbkt2dsxfpRjm4y3mMMyaZyVvYty5bZSqjaephnl4QiO4RQ8uIQq3EAN6kCgDy/wCm/Os/PufDif09acM8v1EObgfP0COf2XfA==</latexit>

f3

<latexit sha1_base64="SEqSgLwumqz1ltdtpdfPAwMrggw=">AAACIXicbVDdSsMwGE3n35x/Uy+9CQ5BEEYrQ70RBt54OcH9wFpKmqZbWNqUJFVnKXjrc/gA3uojeCfeiQ/ga5huE9zmgcDhnJN8X44XMyqVaX4ahYXFpeWV4mppbX1jc6u8vdOSPBGYNDFnXHQ8JAmjEWkqqhjpxIKg0GOk7Q0ucr99Q4SkPLpWw5g4IepFNKAYKS255QqC59AOkep7QXqbuZaNfa5+hbvsyHMtnTKr5ghwnlgTUgETNNzyt+1znIQkUpghKbuWGSsnRUJRzEhWshNJYoQHqEe6mkYoJNJJR5/J4IFWfBhwoU+k4Ej9eyNFoZTD0NPJfEs56+Xif143UcGZk9IoThSJ8HhQkDCoOMybgT4VBCs21ARhQfWuEPeRQFjp/qam5G/H6J5nuhlrtod50jquWifV2lWtUm89jDsqgj2wDw6BBU5BHVyCBmgCDB7BM3gBr8aT8Wa8Gx/jaMGY9LoLpmB8/QB+IKUB</latexit>

a = w1 · x + b1

<latexit sha1_base64="sUVpihAMFAtCskIfP3yhURGJEl8=">AAACIXicbVDdSsMwGE39nfNv6qU3wSEIwmjHUG+EgTdeTnA/sJaSpukWljYlSdVZCt76HD6At/oI3ol34gP4GqbbBLd5IHA45yTfl+PFjEplmp/GwuLS8spqYa24vrG5tV3a2W1JnghMmpgzLjoekoTRiDQVVYx0YkFQ6DHS9gYXud++IUJSHl2rYUycEPUiGlCMlJbcUhnBc2iHSPW9IL3N3KqNfa5+hbvs2HOrOmVWzBHgPLEmpAwmaLilb9vnOAlJpDBDUnYtM1ZOioSimJGsaCeSxAgPUI90NY1QSKSTjj6TwUOt+DDgQp9IwZH690aKQimHoaeT+ZZy1svF/7xuooIzJ6VRnCgS4fGgIGFQcZg3A30qCFZsqAnCgupdIe4jgbDS/U1Nyd+O0T3PdDPWbA/zpFWtWCeV2lWtXG89jDsqgH1wAI6ABU5BHVyCBmgCDB7BM3gBr8aT8Wa8Gx/j6IIx6XUPTMH4+gGBZaUD</latexit>

a = w2 · x + b2

<latexit sha1_base64="cV7W0AW4FVJZwe9oyb+YgWRCIWc=">AAACIXicbVDNSgMxGMzWv1r/qh69BIsgCGXXFvUiFLx4rGB/oFuWbDbbhmY3S5JV67Lg1efwAbzqI3gTb+ID+Bpm2wq2dSAwzEzyfRk3YlQq0/w0cguLS8sr+dXC2vrG5lZxe6cpeSwwaWDOuGi7SBJGQ9JQVDHSjgRBgctIyx1cZH7rhghJeXithhHpBqgXUp9ipLTkFEsInkM7QKrv+slt6lRs7HH1K9ylR65T0SmzbI4A54k1ISUwQd0pftsex3FAQoUZkrJjmZHqJkgoihlJC3YsSYTwAPVIR9MQBUR2k9FnUnigFQ/6XOgTKjhS/95IUCDlMHB1MttSznqZ+J/XiZV/1k1oGMWKhHg8yI8ZVBxmzUCPCoIVG2qCsKB6V4j7SCCsdH9TU7K3I3TPU92MNdvDPGkel62TcvWqWqo1H8Yd5cEe2AeHwAKnoAYuQR00AAaP4Bm8gFfjyXgz3o2PcTRnTHrdBVMwvn4AhKqlBQ==</latexit>

a = w3 · x + b3

<latexit sha1_base64="fIlfxE0kS2v7zJFQMfupfWwRiKM="></latexit>

f(x) = W · x + b

"Weight matrix" "Biases"
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<latexit sha1_base64="6mLWW9BLprKSz7ZYEQ1xXVFnYtw="></latexit>

f(x) = · · ·W3(W2(W1 · x + b1) + b2) + b3 · · ·
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RGL Realistic Graphics Lab

Activation functions

13

• Not all stimulation causes the 
neuron to "fire" in a proportional way 

• Activation functions insert nonlinearities into the network, which are key to their 
expressiveness.

ReLU function 
("rectified linear unit")

Sigmoid function

<latexit sha1_base64="UIP7EUFLUJ5BVeCWd7h/6IBoLMY=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWpAyI0XdCAU3LivYC7SlZNJMG5rMDElGHIcB38Dn8AHc6iO4E1268jXMTLvoxQOBj/8/yTn5nYBRqSzr28itrK6tb+Q3C1vbO7t75v5BU/qhwKSBfeaLtoMkYdQjDUUVI+1AEMQdRlrO+Dr1W/dESOp7dyoKSI+joUddipHSUt8sD0tdjtTIceMoKV9lLHjM0UMyY5xCq9w3i1bFygougz2FIphWvW/+dgc+DjnxFGZIyo5tBaoXI6EoZiQpdENJAoTHaEg6Gj3EiezF2ZcSeKKVAXR9oY+nYKbO3ogRlzLiju5Mt5SLXir+53VC5V72YuoFoSIengxyQwaVD9N84IAKghWLNCAsqN4V4hESCCud4tyU9O0APfqJTsZezGEZmmcV+7xSva0Wa82nSUZ5cASOQQnY4ALUwA2ogwbA4Bm8gjfwbrwYH8an8TVpzRnTXA/BXBk/f4Edp5Q=</latexit>

g(y) = max(y, 0)
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Activation functions

13

• Not all stimulation causes the 
neuron to "fire" in a proportional way 

• Activation functions insert nonlinearities into the network, which are key to their 
expressiveness.

ReLU function 
("rectified linear unit")

Sigmoid function

<latexit sha1_base64="OnIWC9xecOOPGd4Cb1U4loXFHrc=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWsQyI0XdCAU3LivYC3TGkkkzbWjmQpIRahjwDXwOH8CtPoI70aUrX8NMW9BWDwR+/v8k5+TzYkaFtKwPI7ewuLS8kl8trK1vbG6Z2ztNESUckwaOWMTbHhKE0ZA0JJWMtGNOUOAx0vKGF1neuiVc0Ci8lqOYuAHqh9SnGEltdc1yv+QESA48X43S8rnjc4SVnSr7kNyoo58oTbtm0apY44J/hT0VRTCtetf8cnoRTgISSsyQEB3biqWrEJcUM5IWnESQGOEh6pOOliEKiHDV+EspPNBOD/oR1yeUcOz+vqFQIMQo8HRntqOYzzLzv6yTSP/MVTSME0lCPBnkJwzKCGZ8YI9ygiUbaYEwp3pXiAdIU5Ga4syU7O0Y3UUZGXuew1/RPK7YJ5XqVbVYa95PGOXBHtgHJWCDU1ADl6AOGgCDB/AEnsGL8Wi8Gm/G+6Q1Z0y57oKZMj6/ASQ4qAE=</latexit>

g(y) =
1

1 + e�y

<latexit sha1_base64="UIP7EUFLUJ5BVeCWd7h/6IBoLMY=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWpAyI0XdCAU3LivYC7SlZNJMG5rMDElGHIcB38Dn8AHc6iO4E1268jXMTLvoxQOBj/8/yTn5nYBRqSzr28itrK6tb+Q3C1vbO7t75v5BU/qhwKSBfeaLtoMkYdQjDUUVI+1AEMQdRlrO+Dr1W/dESOp7dyoKSI+joUddipHSUt8sD0tdjtTIceMoKV9lLHjM0UMyY5xCq9w3i1bFygougz2FIphWvW/+dgc+DjnxFGZIyo5tBaoXI6EoZiQpdENJAoTHaEg6Gj3EiezF2ZcSeKKVAXR9oY+nYKbO3ogRlzLiju5Mt5SLXir+53VC5V72YuoFoSIengxyQwaVD9N84IAKghWLNCAsqN4V4hESCCud4tyU9O0APfqJTsZezGEZmmcV+7xSva0Wa82nSUZ5cASOQQnY4ALUwA2ogwbA4Bm8gjfwbrwYH8an8TVpzRnTXA/BXBk/f4Edp5Q=</latexit>

g(y) = max(y, 0)
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Dense layers with activation function
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<latexit sha1_base64="5FOfNU0db1RQKRJMtaWqRxtGDPY="></latexit>

x = f (x) = W · x + b
z = g(y)
z = max(W · x + b, 0)

Affine transformation
<latexit sha1_base64="6zdXc9nCRoDJNecdgTHKTV25oBU=">AAACBnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuaSYYkI4xDwaUf4FY/wZ249Tf8An/DTNuFbT0QOJxzk3tygpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywus791gNVmklxZ9KY+hEeCBYygo2V7rsRNsMgzNJxr1xxq+4EaJl4M1KBGeq98k+3L0kSUWEIx1p3PDc2foaVYYTTcambaBpjMsID2rFU4IhqP5skHqMTq/RRKJU9wqCJ+vdGhiOt0yiwk3lCvejl4n9eJzHhlZ8xESeGCjJdFCYcGYny76M+U5QYnlqCiWI2KyJDrDAxtqS5LfnbMX6UeTPeYg/LpHlW9S6q57fnlVrzadpREY7gGE7Bg0uowQ3UoQEEBLzAK7w5z8678+F8TkcLzqzXQ5iD8/ULiuSbCQ==</latexit>y
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Dense layers with activation function
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<latexit sha1_base64="5FOfNU0db1RQKRJMtaWqRxtGDPY="></latexit>

x = f (x) = W · x + b
z = g(y)
z = max(W · x + b, 0)

Affine transformation

Nonlinearity

<latexit sha1_base64="5FOfNU0db1RQKRJMtaWqRxtGDPY="></latexit>

x = f (x) = W · x + b
z = g(y)
z = max(W · x + b, 0)

<latexit sha1_base64="6zdXc9nCRoDJNecdgTHKTV25oBU=">AAACBnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuaSYYkI4xDwaUf4FY/wZ249Tf8An/DTNuFbT0QOJxzk3tygpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywus791gNVmklxZ9KY+hEeCBYygo2V7rsRNsMgzNJxr1xxq+4EaJl4M1KBGeq98k+3L0kSUWEIx1p3PDc2foaVYYTTcambaBpjMsID2rFU4IhqP5skHqMTq/RRKJU9wqCJ+vdGhiOt0yiwk3lCvejl4n9eJzHhlZ8xESeGCjJdFCYcGYny76M+U5QYnlqCiWI2KyJDrDAxtqS5LfnbMX6UeTPeYg/LpHlW9S6q57fnlVrzadpREY7gGE7Bg0uowQ3UoQEEBLzAK7w5z8678+F8TkcLzqzXQ5iD8/ULiuSbCQ==</latexit>y
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Dense layers with activation function

14

<latexit sha1_base64="5FOfNU0db1RQKRJMtaWqRxtGDPY="></latexit>

x = f (x) = W · x + b
z = g(y)
z = max(W · x + b, 0)

Affine transformation

1024 neurons, 1024 inputs: 1049600 trainable parameters for just 1 layer 😨
Nonlinearity

<latexit sha1_base64="5FOfNU0db1RQKRJMtaWqRxtGDPY="></latexit>

x = f (x) = W · x + b
z = g(y)
z = max(W · x + b, 0)

<latexit sha1_base64="6zdXc9nCRoDJNecdgTHKTV25oBU=">AAACBnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuaSYYkI4xDwaUf4FY/wZ249Tf8An/DTNuFbT0QOJxzk3tygpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywus791gNVmklxZ9KY+hEeCBYygo2V7rsRNsMgzNJxr1xxq+4EaJl4M1KBGeq98k+3L0kSUWEIx1p3PDc2foaVYYTTcambaBpjMsID2rFU4IhqP5skHqMTq/RRKJU9wqCJ+vdGhiOt0yiwk3lCvejl4n9eJzHhlZ8xESeGCjJdFCYcGYny76M+U5QYnlqCiWI2KyJDrDAxtqS5LfnbMX6UeTPeYg/LpHlW9S6q57fnlVrzadpREY7gGE7Bg0uowQ3UoQEEBLzAK7w5z8678+F8TkcLzqzXQ5iD8/ULiuSbCQ==</latexit>y
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Dense layers with activation function
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<latexit sha1_base64="5FOfNU0db1RQKRJMtaWqRxtGDPY="></latexit>

x = f (x) = W · x + b
z = g(y)
z = max(W · x + b, 0)

Affine transformation

<latexit sha1_base64="5FOfNU0db1RQKRJMtaWqRxtGDPY="></latexit>

x = f (x) = W · x + b
z = g(y)
z = max(W · x + b, 0)
Most common setup: affine layer with ReLU activation function:

1024 neurons, 1024 inputs: 1049600 trainable parameters for just 1 layer 😨
Nonlinearity

<latexit sha1_base64="5FOfNU0db1RQKRJMtaWqRxtGDPY="></latexit>

x = f (x) = W · x + b
z = g(y)
z = max(W · x + b, 0)

<latexit sha1_base64="6zdXc9nCRoDJNecdgTHKTV25oBU=">AAACBnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuaSYYkI4xDwaUf4FY/wZ249Tf8An/DTNuFbT0QOJxzk3tygpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywus791gNVmklxZ9KY+hEeCBYygo2V7rsRNsMgzNJxr1xxq+4EaJl4M1KBGeq98k+3L0kSUWEIx1p3PDc2foaVYYTTcambaBpjMsID2rFU4IhqP5skHqMTq/RRKJU9wqCJ+vdGhiOt0yiwk3lCvejl4n9eJzHhlZ8xESeGCjJdFCYcGYny76M+U5QYnlqCiWI2KyJDrDAxtqS5LfnbMX6UeTPeYg/LpHlW9S6q57fnlVrzadpREY7gGE7Bg0uowQ3UoQEEBLzAK7w5z8678+F8TkcLzqzXQ5iD8/ULiuSbCQ==</latexit>y
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x1, x2, x3, x4, ... y1, y2, y3, y4, ...
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<latexit sha1_base64="iANFD3LtqzBA/VdtjoM06l2GAzc="></latexit>

NN(x1) ⇡ y1?
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How do we compute the weights?

15

x1, x2, x3, x4, ... y1, y2, y3, y4, ...
Labeled input/output data

<latexit sha1_base64="iANFD3LtqzBA/VdtjoM06l2GAzc="></latexit>

NN(x1) ⇡ y1?

<latexit sha1_base64="AFpxbU57J/TAYxZDX7V/7NZHOQs="></latexit>

L(NN(x1), y1) = kNN(x1)� y1k2

These are unlikely to agree at first.

Quantify discrepancy using a loss function:

Example: L2 loss
<latexit sha1_base64="AFpxbU57J/TAYxZDX7V/7NZHOQs="></latexit>

L(NN(x1), y1) = kNN(x1)� y1k2
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Gradient descent
(More advanced optimizers often used — we will discuss some next week)
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• Every iteration takes a step in the negative gradient direction

<latexit sha1_base64="dfIyxnLpImtMRjppS1Vg07admMg="></latexit>

pnext = p � h
∂
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n

Â
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L(NN(p, xi), yi)
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Gradient descent
(More advanced optimizers often used — we will discuss some next week)

17

• Every iteration takes a step in the negative gradient direction

• Downside: each gradient step is quite expensive since we must visit every data point

<latexit sha1_base64="dfIyxnLpImtMRjppS1Vg07admMg="></latexit>

pnext = p � h
∂

∂p

n

Â
i=1

L(NN(p, xi), yi)

All network parameters Step size Easy: it's "just" autodiff (AD)



RGL Realistic Graphics Lab

Gradient descent
(More advanced optimizers often used — we will discuss some next week)

17

• Every iteration takes a step in the negative gradient direction

• Downside: each gradient step is quite expensive since we must visit every data point

• Solution: pick random subset (even just 1 works).  
This is called Stochastic Gradient Descent (SGD).

<latexit sha1_base64="dfIyxnLpImtMRjppS1Vg07admMg="></latexit>
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L(NN(p, xi), yi)

All network parameters Step size Easy: it's "just" autodiff (AD)
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High dimensional spaces

18

• Derivative are crucial especially in higher 
dimensions. 

- In 1-D, can move in two directions 

- in N-D can move in 2N "diagonal" directions 
alone. That's just too many to check. 

- The gradient points into the direction 
of ascent and maps the behavior of 
the function locally. 

- Foundation of all breakthroughts in ML 
in the last years. You cannot train a 
neural network without gradients.

MidJourney: A sign post with many 
different hikes in Switzerland.
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Underfitting vs overfitting

19

[kdnuggets.com blog]

Neural nets often have enough coefficients that they 
can in principle memorize the entire dataset.

http://kdnuggets.com
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Dangers of training with data
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Alpine IbexSwiss brown cattle
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Alpine IbexSwiss brown cattle
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A benchmark problem
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"MNIST" and "Fashion-MNIST"
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"MNIST" and "Fashion-MNIST"
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60'000 training images 
10'000 testing images
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Homework assignment 4: MyTorch

MyTorch

• Forward & reverse-mode AD framework 

• A simple neural network with 3 layers (discussed next lecture) 

• Reaches ~85% accuracy on Fashion-MNIST 

• All built by yourself using only NumPy!
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Neural Network Playground

23http://playground.tensorflow.org

http://playground.tensorflow.org
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History of neural nets

24

“Learning representations by back-propagating errors” 
• Reverse-mode AD (in general): Linnainmaa (1970) 
• For NN: Werbos (developed 1974, published 1982) 
• Popularized: Rumelhart, Hinton, and Williams 

Deep neural network 
• LeCun, LeNet (1989) 

Geoffrey Hinton: neural networks were unsuccessful in the 80s/90s because 

- Data: Labeled datasets were thousands of times too small. 

- Computers: … were millions of times too slow. 

- Nonlinearity: poor choice of activation function. 

- Starting point: weights weren’t initialized in a good way.
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We don't actually know why they "work"

25

• What we know. 

- How all the coefficients were obtained (it is a deterministic calculation after all). 

- Which neural network components work well, and which of them work well together. 

- When one ingredient works better than another, we can  
sometimes find a nice mathematical intuition motivating 
why that is the case. (the converse isn't always true) MidJourney: a hand-written 

booklet of cooking recipes
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We don't actually know why they "work"

25

• What we know. 

- How all the coefficients were obtained (it is a deterministic calculation after all). 

- Which neural network components work well, and which of them work well together. 

- When one ingredient works better than another, we can  
sometimes find a nice mathematical intuition motivating 
why that is the case. (the converse isn't always true) 

• What we don't know 

- What do the coefficients actually mean? 

- Will the network generalize to other situations? (must test) 

- Why does the training process actually work?

MidJourney: a hand-written 
booklet of cooking recipes
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Optimization landscape
Visualization of a random 2D slices of the huge parameter space.

26

From: Visualizing the Loss Landscape of Neural Nets [Li et al. 2017]

A "bad" network architecture (unstable training) A "good" network architecture (unstable training)
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An architectural zoo

27

[Newell et al .2016] [Sunner Li, Link]

[He et al .2015]

https://medium.com/@sunnerli/simple-introduction-about-hourglass-like-model-11ee7c30138
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Latent vectors and bottlenecks
Encoder-decoder architectures and related "computational games"

28

[Saber HQ, Link]

https://www.saberhq.com/blog/autoencoders


RGL Realistic Graphics Lab

GPUs play an outsize role in this space

29

• Python code: C = A @ B 

• PyTorch: directly forwards function call to cuDNN [NVIDIA]
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GPUs play an outsize role in this space

29

• Python code: C = A @ B 

• PyTorch: directly forwards function call to cuDNN

~1 GiB of shared libraries!

[NVIDIA]

Contains every conceivable kind of matrix multiplication & 
convolution for every GPU architecture by this vendor.



Assorted applications 
of Neural Networks
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Chat bots: ChatGPT
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Chat bots: ChatGPT
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Machine translation

32
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Traditional vs neural approach

33

The professor seemed somewhat confused.
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Traditional vs neural approach

33

The professor seemed somewhat confused.

sentence

article noun verb adjectiveadverb

noun phrase adjective phrase

Der Professor erschien etwas verwirrt.

[EN]

[DE]
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Traditional vs neural approach

33

The professor seemed somewhat confused.

sentence

article noun verb adjectiveadverb

noun phrase adjective phrase

[Meta M2M 
 model, Link]

Der Professor erschien etwas verwirrt.

https://github.com/facebookresearch/fairseq/tree/main/examples/m2m_100
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Convolutional Neural Networks (CNNs)
Filtering of images with local kernels has a long history, for instance for edge detection.

34

• Local kernel 

•
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Convolutional Neural Networks (CNNs)
Convolutions with trainable weights — weights shared across pixels.

35

• Weight sharing due to local nature of operations

Low-level Mid-level High-level
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Convolutional Neural Networks (CNNs)
CNNs influenced by the properties of the training dataset

36
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Neural Networks + Automotive applications

37



RGL Realistic Graphics Lab

Neural Networks + Automotive applications

37



RGL Realistic Graphics Lab

Image and Object classification

38

YoLo model [Redmon 2016]
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YoLo model [Redmon 2016]
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Diffusion models

39

Progressively turning images into noise 

[https://yang-song.github.io/blog/2021/score/]

https://yang-song.github.io/blog/2021/score/
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Diffusion models

39

Progressively turning images into noise 

A learned inverse of the above process. 

[https://yang-song.github.io/blog/2021/score/]

https://yang-song.github.io/blog/2021/score/
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Generative image systems: MidJourney
Other similar products: Stable Diffusion, DALL·E, Adobe Firefly
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Generative Adversarial Networks

41

[Pathmind]
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Progressively grown GANs

42

Generator

Discriminator

[Karras et al. ICLR 2018] 
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Generator

Discriminator

Training progress

[Karras et al. ICLR 2018] 
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Face GANs

43

Warning:  
the following sequences blend faces of various genders, 
ethnicities & ages. This is of course rather objectionable. 

These things exist now, and they are here to stay.  Let's see a 
somewhat disturbing video about a project from 2019. 
 
In the ML world this is ancient history.
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A Style-Based Generator Architecture for Generative Adversarial Networks [Karras et al. 2019]
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A Style-Based Generator Architecture for Generative Adversarial Networks [Karras et al. 2019]
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A Style-Based Generator Architecture for Generative Adversarial Networks [Karras et al. 2019]
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A Style-Based Generator Architecture for Generative Adversarial Networks [Karras et al. 2019]



[StyleGAN3, Karras et al. 2021]



[StyleGAN3, Karras et al. 2021]



RGL Realistic Graphics Lab

GAN inversion

47

• Given a portrait image of an existing person, run gradient 
descent to find a latent representation (low-dim. vector) 

• .. which is chosen so that re-running the GAN reproduces the 
original image as closely as possible. This works surprisingly 
well as you can see. 

• Can explore neighborhood in latent space to age the person, 
change their gender, hairstyle, etc. (Won't show pictures).

https://yuval-alaluf.github.io/hyperstyle/
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Showcase 3: Synthesia
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DLSS

49

Realtime supersampling: NVIDIA DLSS
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Realtime supersampling: NVIDIA DLSS
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Denoising & Upscaling for Computer Games
Noisy input frame, only a small part of the 
pixels were computed.

Additional inputs (these 
are cheap to compute)

[CD Projekt, NVIDIA]
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Exponential growth
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Fig. 1 | The number of papers published per month in the arXiv categories of 
AI and ML are growing exponentially. The doubling rate of papers per month is 
roughly 23 months, which might lead to problems for publishing in these fields, at 
some point. The categories are cs.AI, cs.LG, cs.NE and stat.ML.

[Krenn et al. 2023, Nature Machine Intelligence]

MidJourney: A child hypnotized by a 
spiral pattern on a vintage TV.
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MidJourney: A child hypnotized by a 
spiral pattern on a vintage TV.

This is you


