
GANomaly: Semi-Supervised Anomaly Detection via Adversarial Training
Samet Akcay, Amir Atapour-Abarghouei and Toby Breckon 
Department of Computer Science, Durham University, UK

Motivation

Proposed Approach

Results

(i) Train a novel encoder-decoder-encoder network to jointly capture the 
distribution of the normal data via the generation of high-dimensional 
image space and the inference of latent space.
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(ii) Test anomalies within the latent space.  Anomaly detection  is 
performed by computing the difference between latent vector 
representation of real and fake images. 

Runtime (ms) MNIST CIFAR UBA FFOB

AnoGAN [1] 7120 7120 7110 7223

EGBAD [2] 8.92 8.71 8.88 8.87

GANomaly 2.79 2.21 2.66 2.53
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X-ray Datasets UBA FFOB
Model gun gun parts knife overall full weapon 

AnoGAN [1] 0.598 0.511 0.599 0.569 0.703

EGBAD [2] 0.614 0.591 0.587 0.597 0.712

GANomaly 0.747 0.662 0.520 0.643 0.882

Our approach also outperforms previous state-of-the-art on challenging X-
ray baggage security screening domain.

Datasets that are highly biased towards one class (normal) due to the 
insufficient sample size of the other class (abnormal) pose the task of 
anomaly detection - especially when abnormality collection is challenging.
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Our approach yields quantitatively and computationally superior 
performance in terms of run-time (ms) and abnormality detection (AUC).

https://github.com/samet-akcay/ganomaly
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Our GAN approach generates normal samples but fails to produce abnormal 
ones - illustrating effective capture of the normal class distribution. 

GANomaly achieves the highest AUC on public datasets — MNIST and CIFAR
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The model provides an optimal feature space classification/separation.

Training Pipeline
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Input/Output Conv LeakyReLU BatchNorm ConvTranspose ReLU Tanh Softmax
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GE(x)
<latexit sha1_base64="kcwOQVC4lnBgfBMqdYbZxrBDrOo=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUSPFewHtEvJptM2NJtdk6xYlv4JLx4U8erf8ea/MW33oK0vBB7emSEzbxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dWk3nhEpXkk780oRj+kfcl7nFFjreZN57qUPo1POoWiW3anIovgZVCETNVO4avdjVgSojRMUK1bnhsbP6XKcCZwnG8nGmPKhrSPLYuShqj9dLrvmBxbp0t6kbJPGjJ1f0+kNNR6FAa2M6RmoOdrE/O/WisxvQs/5TJODEo2+6iXCGIiMjmedLlCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUi+j3Y=</latexit><latexit sha1_base64="kcwOQVC4lnBgfBMqdYbZxrBDrOo=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUSPFewHtEvJptM2NJtdk6xYlv4JLx4U8erf8ea/MW33oK0vBB7emSEzbxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dWk3nhEpXkk780oRj+kfcl7nFFjreZN57qUPo1POoWiW3anIovgZVCETNVO4avdjVgSojRMUK1bnhsbP6XKcCZwnG8nGmPKhrSPLYuShqj9dLrvmBxbp0t6kbJPGjJ1f0+kNNR6FAa2M6RmoOdrE/O/WisxvQs/5TJODEo2+6iXCGIiMjmedLlCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUi+j3Y=</latexit><latexit sha1_base64="kcwOQVC4lnBgfBMqdYbZxrBDrOo=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUSPFewHtEvJptM2NJtdk6xYlv4JLx4U8erf8ea/MW33oK0vBB7emSEzbxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dWk3nhEpXkk780oRj+kfcl7nFFjreZN57qUPo1POoWiW3anIovgZVCETNVO4avdjVgSojRMUK1bnhsbP6XKcCZwnG8nGmPKhrSPLYuShqj9dLrvmBxbp0t6kbJPGjJ1f0+kNNR6FAa2M6RmoOdrE/O/WisxvQs/5TJODEo2+6iXCGIiMjmedLlCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUi+j3Y=</latexit><latexit sha1_base64="kcwOQVC4lnBgfBMqdYbZxrBDrOo=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUSPFewHtEvJptM2NJtdk6xYlv4JLx4U8erf8ea/MW33oK0vBB7emSEzbxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dWk3nhEpXkk780oRj+kfcl7nFFjreZN57qUPo1POoWiW3anIovgZVCETNVO4avdjVgSojRMUK1bnhsbP6XKcCZwnG8nGmPKhrSPLYuShqj9dLrvmBxbp0t6kbJPGjJ1f0+kNNR6FAa2M6RmoOdrE/O/WisxvQs/5TJODEo2+6iXCGIiMjmedLlCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUi+j3Y=</latexit>

GD(z)
<latexit sha1_base64="BshAB754T/lr95ItHviJF47EeXQ=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUGPFewHtKVk09k2NJtdk6xQl/4JLx4U8erf8ea/MW33oK0vBB7emSEzrx8Lro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqulTjYJLrBluBDZjhTT0BTb84dWk3nhEpXkk780oxk5I+5IHnFFjreZN97qUPo1PuoWiW3anIovgZVCETNVu4avdi1gSojRMUK1bnhubTkqV4UzgON9ONMaUDWkfWxYlDVF30um+Y3JsnR4JImWfNGTq/p5Iaaj1KPRtZ0jNQM/XJuZ/tVZigotOymWcGJRs9lGQCGIiMjme9LhCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUpBj3c=</latexit><latexit sha1_base64="BshAB754T/lr95ItHviJF47EeXQ=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUGPFewHtKVk09k2NJtdk6xQl/4JLx4U8erf8ea/MW33oK0vBB7emSEzrx8Lro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqulTjYJLrBluBDZjhTT0BTb84dWk3nhEpXkk780oxk5I+5IHnFFjreZN97qUPo1PuoWiW3anIovgZVCETNVu4avdi1gSojRMUK1bnhubTkqV4UzgON9ONMaUDWkfWxYlDVF30um+Y3JsnR4JImWfNGTq/p5Iaaj1KPRtZ0jNQM/XJuZ/tVZigotOymWcGJRs9lGQCGIiMjme9LhCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUpBj3c=</latexit><latexit sha1_base64="BshAB754T/lr95ItHviJF47EeXQ=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUGPFewHtKVk09k2NJtdk6xQl/4JLx4U8erf8ea/MW33oK0vBB7emSEzrx8Lro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqulTjYJLrBluBDZjhTT0BTb84dWk3nhEpXkk780oxk5I+5IHnFFjreZN97qUPo1PuoWiW3anIovgZVCETNVu4avdi1gSojRMUK1bnhubTkqV4UzgON9ONMaUDWkfWxYlDVF30um+Y3JsnR4JImWfNGTq/p5Iaaj1KPRtZ0jNQM/XJuZ/tVZigotOymWcGJRs9lGQCGIiMjme9LhCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUpBj3c=</latexit><latexit sha1_base64="BshAB754T/lr95ItHviJF47EeXQ=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUGPFewHtKVk09k2NJtdk6xQl/4JLx4U8erf8ea/MW33oK0vBB7emSEzrx8Lro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqulTjYJLrBluBDZjhTT0BTb84dWk3nhEpXkk780oxk5I+5IHnFFjreZN97qUPo1PuoWiW3anIovgZVCETNVu4avdi1gSojRMUK1bnhubTkqV4UzgON9ONMaUDWkfWxYlDVF30um+Y3JsnR4JImWfNGTq/p5Iaaj1KPRtZ0jNQM/XJuZ/tVZigotOymWcGJRs9lGQCGIiMjme9LhCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUpBj3c=</latexit>

E(x̂)
<latexit sha1_base64="RwbrGTwz2x5Zkw39MvoCxfOrtkc=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4IeiyJ4rGA/sF1KNk3b0Gx2SWbFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe1puPXBsRqXscx9wP6UCJvmAUrfVwU+4MKaZPk9NuseRW3JnIMngZlCBTrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2RUVDbvx0tvGEnFinR/qRtk8hmbm/J1IaGjMOA9sZUhyaxdrU/K/WTrB/6adCxQlyxeYf9RNJMCLT80lPaM5Qji1QpoXdlbAh1ZShDalgQ/AWT16GxlnFs3x3XqpeZXHk4QiOoQweXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+R8/gAJQJB9</latexit><latexit sha1_base64="RwbrGTwz2x5Zkw39MvoCxfOrtkc=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4IeiyJ4rGA/sF1KNk3b0Gx2SWbFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe1puPXBsRqXscx9wP6UCJvmAUrfVwU+4MKaZPk9NuseRW3JnIMngZlCBTrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2RUVDbvx0tvGEnFinR/qRtk8hmbm/J1IaGjMOA9sZUhyaxdrU/K/WTrB/6adCxQlyxeYf9RNJMCLT80lPaM5Qji1QpoXdlbAh1ZShDalgQ/AWT16GxlnFs3x3XqpeZXHk4QiOoQweXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+R8/gAJQJB9</latexit><latexit sha1_base64="RwbrGTwz2x5Zkw39MvoCxfOrtkc=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4IeiyJ4rGA/sF1KNk3b0Gx2SWbFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe1puPXBsRqXscx9wP6UCJvmAUrfVwU+4MKaZPk9NuseRW3JnIMngZlCBTrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2RUVDbvx0tvGEnFinR/qRtk8hmbm/J1IaGjMOA9sZUhyaxdrU/K/WTrB/6adCxQlyxeYf9RNJMCLT80lPaM5Qji1QpoXdlbAh1ZShDalgQ/AWT16GxlnFs3x3XqpeZXHk4QiOoQweXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+R8/gAJQJB9</latexit><latexit sha1_base64="RwbrGTwz2x5Zkw39MvoCxfOrtkc=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4IeiyJ4rGA/sF1KNk3b0Gx2SWbFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe1puPXBsRqXscx9wP6UCJvmAUrfVwU+4MKaZPk9NuseRW3JnIMngZlCBTrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2RUVDbvx0tvGEnFinR/qRtk8hmbm/J1IaGjMOA9sZUhyaxdrU/K/WTrB/6adCxQlyxeYf9RNJMCLT80lPaM5Qji1QpoXdlbAh1ZShDalgQ/AWT16GxlnFs3x3XqpeZXHk4QiOoQweXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+R8/gAJQJB9</latexit>

f(.)
<latexit sha1_base64="ujRNkj8jX1usC5EOIkEykrqT3ng=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t6Ja/WJQqXp1by68Cn4BVSjUHFS++sOYppIpSwUxpud7iQ0yoi2ngs3K/dSwhNAJGbGeQ0UkM0E233WGz50zxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EY3QcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4im7EPzlk1ehfVn3HT9cVRu3RRwlOIUzqIEP19CAe2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwR+jzB/vgjYc=</latexit><latexit sha1_base64="ujRNkj8jX1usC5EOIkEykrqT3ng=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t6Ja/WJQqXp1by68Cn4BVSjUHFS++sOYppIpSwUxpud7iQ0yoi2ngs3K/dSwhNAJGbGeQ0UkM0E233WGz50zxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EY3QcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4im7EPzlk1ehfVn3HT9cVRu3RRwlOIUzqIEP19CAe2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwR+jzB/vgjYc=</latexit><latexit sha1_base64="ujRNkj8jX1usC5EOIkEykrqT3ng=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t6Ja/WJQqXp1by68Cn4BVSjUHFS++sOYppIpSwUxpud7iQ0yoi2ngs3K/dSwhNAJGbGeQ0UkM0E233WGz50zxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EY3QcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4im7EPzlk1ehfVn3HT9cVRu3RRwlOIUzqIEP19CAe2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwR+jzB/vgjYc=</latexit><latexit sha1_base64="ujRNkj8jX1usC5EOIkEykrqT3ng=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t6Ja/WJQqXp1by68Cn4BVSjUHFS++sOYppIpSwUxpud7iQ0yoi2ngs3K/dSwhNAJGbGeQ0UkM0E233WGz50zxFGs3VMWz93fExmRxkxl6DolsWOzXMvN/2q91EY3QcZVklqm6OKjKBXYxjg/HA+5ZtSKqQNCNXe7YjommlDr4im7EPzlk1ehfVn3HT9cVRu3RRwlOIUzqIEP19CAe2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwR+jzB/vgjYc=</latexit>

Lenc = |z � ẑ|2
<latexit sha1_base64="Cx8oPP3V8+bEmhHzDARIrWRwe3g=">AAACGHicbVDLSsNAFJ34rPVVdelmsAhurEkRdCMU3bhwUcE+oAlhMp22QycPZm6ENuQz3Pgrblwo4rY7/8ZJzEJbDwwczrmXO+d4keAKTPPLWFpeWV1bL22UN7e2d3Yre/ttFcaSshYNRSi7HlFM8IC1gINg3Ugy4nuCdbzxTeZ3HplUPAweYBIxxyfDgA84JaAlt3Jm+wRGlIjkLnUTFtAUX2Fb6BXAU3yK7RGBZJpiW2aSW3crVbNm5sCLxCpIFRVoupWZ3Q9p7LMAqCBK9SwzAichEjgVLC3bsWIRoWMyZD1NA+Iz5SR5sBQfa6WPB6HULwCcq783EuIrNfE9PZnFUPNeJv7n9WIYXDoJD6IY8szZoUEsMIQ4awn3uWQUxEQTQiXXf8V0RCShoLss6xKs+ciLpF2vWZrfn1cb10UdJXSIjtAJstAFaqBb1EQtRNETekFv6N14Nl6ND+PzZ3TJKHYO0B8Ys29BVJ/g</latexit><latexit sha1_base64="Cx8oPP3V8+bEmhHzDARIrWRwe3g=">AAACGHicbVDLSsNAFJ34rPVVdelmsAhurEkRdCMU3bhwUcE+oAlhMp22QycPZm6ENuQz3Pgrblwo4rY7/8ZJzEJbDwwczrmXO+d4keAKTPPLWFpeWV1bL22UN7e2d3Yre/ttFcaSshYNRSi7HlFM8IC1gINg3Ugy4nuCdbzxTeZ3HplUPAweYBIxxyfDgA84JaAlt3Jm+wRGlIjkLnUTFtAUX2Fb6BXAU3yK7RGBZJpiW2aSW3crVbNm5sCLxCpIFRVoupWZ3Q9p7LMAqCBK9SwzAichEjgVLC3bsWIRoWMyZD1NA+Iz5SR5sBQfa6WPB6HULwCcq783EuIrNfE9PZnFUPNeJv7n9WIYXDoJD6IY8szZoUEsMIQ4awn3uWQUxEQTQiXXf8V0RCShoLss6xKs+ciLpF2vWZrfn1cb10UdJXSIjtAJstAFaqBb1EQtRNETekFv6N14Nl6ND+PzZ3TJKHYO0B8Ys29BVJ/g</latexit><latexit sha1_base64="Cx8oPP3V8+bEmhHzDARIrWRwe3g=">AAACGHicbVDLSsNAFJ34rPVVdelmsAhurEkRdCMU3bhwUcE+oAlhMp22QycPZm6ENuQz3Pgrblwo4rY7/8ZJzEJbDwwczrmXO+d4keAKTPPLWFpeWV1bL22UN7e2d3Yre/ttFcaSshYNRSi7HlFM8IC1gINg3Ugy4nuCdbzxTeZ3HplUPAweYBIxxyfDgA84JaAlt3Jm+wRGlIjkLnUTFtAUX2Fb6BXAU3yK7RGBZJpiW2aSW3crVbNm5sCLxCpIFRVoupWZ3Q9p7LMAqCBK9SwzAichEjgVLC3bsWIRoWMyZD1NA+Iz5SR5sBQfa6WPB6HULwCcq783EuIrNfE9PZnFUPNeJv7n9WIYXDoJD6IY8szZoUEsMIQ4awn3uWQUxEQTQiXXf8V0RCShoLss6xKs+ciLpF2vWZrfn1cb10UdJXSIjtAJstAFaqBb1EQtRNETekFv6N14Nl6ND+PzZ3TJKHYO0B8Ys29BVJ/g</latexit><latexit sha1_base64="Cx8oPP3V8+bEmhHzDARIrWRwe3g=">AAACGHicbVDLSsNAFJ34rPVVdelmsAhurEkRdCMU3bhwUcE+oAlhMp22QycPZm6ENuQz3Pgrblwo4rY7/8ZJzEJbDwwczrmXO+d4keAKTPPLWFpeWV1bL22UN7e2d3Yre/ttFcaSshYNRSi7HlFM8IC1gINg3Ugy4nuCdbzxTeZ3HplUPAweYBIxxyfDgA84JaAlt3Jm+wRGlIjkLnUTFtAUX2Fb6BXAU3yK7RGBZJpiW2aSW3crVbNm5sCLxCpIFRVoupWZ3Q9p7LMAqCBK9SwzAichEjgVLC3bsWIRoWMyZD1NA+Iz5SR5sBQfa6WPB6HULwCcq783EuIrNfE9PZnFUPNeJv7n9WIYXDoJD6IY8szZoUEsMIQ4awn3uWQUxEQTQiXXf8V0RCShoLss6xKs+ciLpF2vWZrfn1cb10UdJXSIjtAJstAFaqBb1EQtRNETekFv6N14Nl6ND+PzZ3TJKHYO0B8Ys29BVJ/g</latexit>

Lrec = |x� x̂|1
<latexit sha1_base64="svb1VgImVtXknCmukl6oFnGHvfo=">AAACGHicbVDLSsNAFJ34rPUVdelmsAhurIkIuhGKbly4qGAf0JQwmU7aoZMHMzfSEvIZbvwVNy4Ucdudf+OkzUJbDwwczrmHO/d4seAKLOvbWFpeWV1bL22UN7e2d3bNvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wNvdbT0wqHoWPMI5ZNyD9kPucEtCSa545AYEBJSK9z9xUMprha+wIHQE8wqfYGRBIRxl2ZC65tmtWrKo1BV4kdkEqqEDdNSdOL6JJwEKggijVsa0YuimRwKlgWdlJFIsJHZI+62gakoCpbjo9LMPHWulhP5L6hYCn6u9ESgKlxoGnJ/Mz1LyXi/95nQT8q27KwzgBFtLZIj8RGCKct4R7XFcBYqwJoZLrv2I6IJJQ0F2WdQn2/MmLpHletTV/uKjUboo6SugQHaETZKNLVEN3qI4aiKJn9Ire0YfxYrwZn8bXbHTJKDIH6A+MyQ9AI5/f</latexit><latexit sha1_base64="svb1VgImVtXknCmukl6oFnGHvfo=">AAACGHicbVDLSsNAFJ34rPUVdelmsAhurIkIuhGKbly4qGAf0JQwmU7aoZMHMzfSEvIZbvwVNy4Ucdudf+OkzUJbDwwczrmHO/d4seAKLOvbWFpeWV1bL22UN7e2d3bNvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wNvdbT0wqHoWPMI5ZNyD9kPucEtCSa545AYEBJSK9z9xUMprha+wIHQE8wqfYGRBIRxl2ZC65tmtWrKo1BV4kdkEqqEDdNSdOL6JJwEKggijVsa0YuimRwKlgWdlJFIsJHZI+62gakoCpbjo9LMPHWulhP5L6hYCn6u9ESgKlxoGnJ/Mz1LyXi/95nQT8q27KwzgBFtLZIj8RGCKct4R7XFcBYqwJoZLrv2I6IJJQ0F2WdQn2/MmLpHletTV/uKjUboo6SugQHaETZKNLVEN3qI4aiKJn9Ire0YfxYrwZn8bXbHTJKDIH6A+MyQ9AI5/f</latexit><latexit sha1_base64="svb1VgImVtXknCmukl6oFnGHvfo=">AAACGHicbVDLSsNAFJ34rPUVdelmsAhurIkIuhGKbly4qGAf0JQwmU7aoZMHMzfSEvIZbvwVNy4Ucdudf+OkzUJbDwwczrmHO/d4seAKLOvbWFpeWV1bL22UN7e2d3bNvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wNvdbT0wqHoWPMI5ZNyD9kPucEtCSa545AYEBJSK9z9xUMprha+wIHQE8wqfYGRBIRxl2ZC65tmtWrKo1BV4kdkEqqEDdNSdOL6JJwEKggijVsa0YuimRwKlgWdlJFIsJHZI+62gakoCpbjo9LMPHWulhP5L6hYCn6u9ESgKlxoGnJ/Mz1LyXi/95nQT8q27KwzgBFtLZIj8RGCKct4R7XFcBYqwJoZLrv2I6IJJQ0F2WdQn2/MmLpHletTV/uKjUboo6SugQHaETZKNLVEN3qI4aiKJn9Ire0YfxYrwZn8bXbHTJKDIH6A+MyQ9AI5/f</latexit><latexit sha1_base64="svb1VgImVtXknCmukl6oFnGHvfo=">AAACGHicbVDLSsNAFJ34rPUVdelmsAhurIkIuhGKbly4qGAf0JQwmU7aoZMHMzfSEvIZbvwVNy4Ucdudf+OkzUJbDwwczrmHO/d4seAKLOvbWFpeWV1bL22UN7e2d3bNvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wNvdbT0wqHoWPMI5ZNyD9kPucEtCSa545AYEBJSK9z9xUMprha+wIHQE8wqfYGRBIRxl2ZC65tmtWrKo1BV4kdkEqqEDdNSdOL6JJwEKggijVsa0YuimRwKlgWdlJFIsJHZI+62gakoCpbjo9LMPHWulhP5L6hYCn6u9ESgKlxoGnJ/Mz1LyXi/95nQT8q27KwzgBFtLZIj8RGCKct4R7XFcBYqwJoZLrv2I6IJJQ0F2WdQn2/MmLpHletTV/uKjUboo6SugQHaETZKNLVEN3qI4aiKJn9Ire0YfxYrwZn8bXbHTJKDIH6A+MyQ9AI5/f</latexit>

Ladv = |f(x)� f(x̂)|1
<latexit sha1_base64="iGHeDBV6y71q1ZeW0JMR7RW6aUs=">AAACHnicbVDLSgMxFM34rPVVdekmWIR2ocyIohuh6MaFiwpWhU4Z7qSZNjTzILkjlmG+xI2/4saFIoIr/RszbRe+LoQczrmH5Bw/kUKjbX9aU9Mzs3PzpYXy4tLyymplbf1Kx6livMViGasbHzSXIuItFCj5TaI4hL7k1/7gtNCvb7nSIo4ucZjwTgi9SASCARrKqxy4IWCfgczOcy+D7m1Oj6krjQVpULur0x1zuX3A7C6vU1cVgud4laq9a4+G/gXOBFTJZJpe5d3txiwNeYRMgtZtx06wk4FCwSTPy26qeQJsAD3eNjCCkOtONoqX023DdGkQK3MipCP2uyODUOth6JvNIoz+rRXkf1o7xeCok4koSZFHbPxQkEqKMS26ol2hOEM5NACYEuavlPVBAUPTaNmU4PyO/Bdc7e06Bl/sVxsnkzpKZJNskRpxyCFpkDPSJC3CyD15JM/kxXqwnqxX6228OmVNPBvkx1gfX6y9oYo=</latexit><latexit sha1_base64="iGHeDBV6y71q1ZeW0JMR7RW6aUs=">AAACHnicbVDLSgMxFM34rPVVdekmWIR2ocyIohuh6MaFiwpWhU4Z7qSZNjTzILkjlmG+xI2/4saFIoIr/RszbRe+LoQczrmH5Bw/kUKjbX9aU9Mzs3PzpYXy4tLyymplbf1Kx6livMViGasbHzSXIuItFCj5TaI4hL7k1/7gtNCvb7nSIo4ucZjwTgi9SASCARrKqxy4IWCfgczOcy+D7m1Oj6krjQVpULur0x1zuX3A7C6vU1cVgud4laq9a4+G/gXOBFTJZJpe5d3txiwNeYRMgtZtx06wk4FCwSTPy26qeQJsAD3eNjCCkOtONoqX023DdGkQK3MipCP2uyODUOth6JvNIoz+rRXkf1o7xeCok4koSZFHbPxQkEqKMS26ol2hOEM5NACYEuavlPVBAUPTaNmU4PyO/Bdc7e06Bl/sVxsnkzpKZJNskRpxyCFpkDPSJC3CyD15JM/kxXqwnqxX6228OmVNPBvkx1gfX6y9oYo=</latexit><latexit sha1_base64="iGHeDBV6y71q1ZeW0JMR7RW6aUs=">AAACHnicbVDLSgMxFM34rPVVdekmWIR2ocyIohuh6MaFiwpWhU4Z7qSZNjTzILkjlmG+xI2/4saFIoIr/RszbRe+LoQczrmH5Bw/kUKjbX9aU9Mzs3PzpYXy4tLyymplbf1Kx6livMViGasbHzSXIuItFCj5TaI4hL7k1/7gtNCvb7nSIo4ucZjwTgi9SASCARrKqxy4IWCfgczOcy+D7m1Oj6krjQVpULur0x1zuX3A7C6vU1cVgud4laq9a4+G/gXOBFTJZJpe5d3txiwNeYRMgtZtx06wk4FCwSTPy26qeQJsAD3eNjCCkOtONoqX023DdGkQK3MipCP2uyODUOth6JvNIoz+rRXkf1o7xeCok4koSZFHbPxQkEqKMS26ol2hOEM5NACYEuavlPVBAUPTaNmU4PyO/Bdc7e06Bl/sVxsnkzpKZJNskRpxyCFpkDPSJC3CyD15JM/kxXqwnqxX6228OmVNPBvkx1gfX6y9oYo=</latexit><latexit sha1_base64="iGHeDBV6y71q1ZeW0JMR7RW6aUs=">AAACHnicbVDLSgMxFM34rPVVdekmWIR2ocyIohuh6MaFiwpWhU4Z7qSZNjTzILkjlmG+xI2/4saFIoIr/RszbRe+LoQczrmH5Bw/kUKjbX9aU9Mzs3PzpYXy4tLyymplbf1Kx6livMViGasbHzSXIuItFCj5TaI4hL7k1/7gtNCvb7nSIo4ucZjwTgi9SASCARrKqxy4IWCfgczOcy+D7m1Oj6krjQVpULur0x1zuX3A7C6vU1cVgud4laq9a4+G/gXOBFTJZJpe5d3txiwNeYRMgtZtx06wk4FCwSTPy26qeQJsAD3eNjCCkOtONoqX023DdGkQK3MipCP2uyODUOth6JvNIoz+rRXkf1o7xeCok4koSZFHbPxQkEqKMS26ol2hOEM5NACYEuavlPVBAUPTaNmU4PyO/Bdc7e06Bl/sVxsnkzpKZJNskRpxyCFpkDPSJC3CyD15JM/kxXqwnqxX6228OmVNPBvkx1gfX6y9oYo=</latexit>

x
<latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit> x̂

<latexit sha1_base64="YM+LvH/AI/Nd5oo+ojM2SLm0rcY=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNdtMu3WzC7kQsoT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrd5vfPItRGxesBpwv2IjpQIBaNorU5/TDF7mg2qNbfuzkVWwSugBoWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsKhpx42fzdWfkzDpDEsbaPoVk7v6eyGhkzDQKbGdEcWyWa7n5X62XYnjtZ0IlKXLFFh+FqSQYk/x2MhSaM5RTC5RpYXclbEw1ZWgTqtgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMJjAM7zCm5M4L86787FoLTnFzDH8kfP5A7A+j8k=</latexit><latexit sha1_base64="YM+LvH/AI/Nd5oo+ojM2SLm0rcY=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNdtMu3WzC7kQsoT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrd5vfPItRGxesBpwv2IjpQIBaNorU5/TDF7mg2qNbfuzkVWwSugBoWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsKhpx42fzdWfkzDpDEsbaPoVk7v6eyGhkzDQKbGdEcWyWa7n5X62XYnjtZ0IlKXLFFh+FqSQYk/x2MhSaM5RTC5RpYXclbEw1ZWgTqtgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMJjAM7zCm5M4L86787FoLTnFzDH8kfP5A7A+j8k=</latexit><latexit sha1_base64="YM+LvH/AI/Nd5oo+ojM2SLm0rcY=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNdtMu3WzC7kQsoT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrd5vfPItRGxesBpwv2IjpQIBaNorU5/TDF7mg2qNbfuzkVWwSugBoWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsKhpx42fzdWfkzDpDEsbaPoVk7v6eyGhkzDQKbGdEcWyWa7n5X62XYnjtZ0IlKXLFFh+FqSQYk/x2MhSaM5RTC5RpYXclbEw1ZWgTqtgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMJjAM7zCm5M4L86787FoLTnFzDH8kfP5A7A+j8k=</latexit><latexit sha1_base64="YM+LvH/AI/Nd5oo+ojM2SLm0rcY=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNdtMu3WzC7kQsoT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrd5vfPItRGxesBpwv2IjpQIBaNorU5/TDF7mg2qNbfuzkVWwSugBoWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsKhpx42fzdWfkzDpDEsbaPoVk7v6eyGhkzDQKbGdEcWyWa7n5X62XYnjtZ0IlKXLFFh+FqSQYk/x2MhSaM5RTC5RpYXclbEw1ZWgTqtgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMJjAM7zCm5M4L86787FoLTnFzDH8kfP5A7A+j8k=</latexit>

z
<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit> ẑ

<latexit sha1_base64="JV0Jt4KHsrR68kDD3GkTcLJtH/8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNdtMu3WzC7kSooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrd5vfPItRGxesBpwv2IjpQIBaNorU5/TDF7mg2qNbfuzkVWwSugBoWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsKhpx42fzdWfkzDpDEsbaPoVk7v6eyGhkzDQKbGdEcWyWa7n5X62XYnjtZ0IlKXLFFh+FqSQYk/x2MhSaM5RTC5RpYXclbEw1ZWgTqtgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMJjAM7zCm5M4L86787FoLTnFzDH8kfP5A7NIj8s=</latexit><latexit sha1_base64="JV0Jt4KHsrR68kDD3GkTcLJtH/8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNdtMu3WzC7kSooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrd5vfPItRGxesBpwv2IjpQIBaNorU5/TDF7mg2qNbfuzkVWwSugBoWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsKhpx42fzdWfkzDpDEsbaPoVk7v6eyGhkzDQKbGdEcWyWa7n5X62XYnjtZ0IlKXLFFh+FqSQYk/x2MhSaM5RTC5RpYXclbEw1ZWgTqtgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMJjAM7zCm5M4L86787FoLTnFzDH8kfP5A7NIj8s=</latexit><latexit sha1_base64="JV0Jt4KHsrR68kDD3GkTcLJtH/8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNdtMu3WzC7kSooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrd5vfPItRGxesBpwv2IjpQIBaNorU5/TDF7mg2qNbfuzkVWwSugBoWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsKhpx42fzdWfkzDpDEsbaPoVk7v6eyGhkzDQKbGdEcWyWa7n5X62XYnjtZ0IlKXLFFh+FqSQYk/x2MhSaM5RTC5RpYXclbEw1ZWgTqtgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMJjAM7zCm5M4L86787FoLTnFzDH8kfP5A7NIj8s=</latexit><latexit sha1_base64="JV0Jt4KHsrR68kDD3GkTcLJtH/8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNdtMu3WzC7kSooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrd5vfPItRGxesBpwv2IjpQIBaNorU5/TDF7mg2qNbfuzkVWwSugBoWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsKhpx42fzdWfkzDpDEsbaPoVk7v6eyGhkzDQKbGdEcWyWa7n5X62XYnjtZ0IlKXLFFh+FqSQYk/x2MhSaM5RTC5RpYXclbEw1ZWgTqtgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMJjAM7zCm5M4L86787FoLTnFzDH8kfP5A7NIj8s=</latexit>

GE(x)
<latexit sha1_base64="kcwOQVC4lnBgfBMqdYbZxrBDrOo=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUSPFewHtEvJptM2NJtdk6xYlv4JLx4U8erf8ea/MW33oK0vBB7emSEzbxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dWk3nhEpXkk780oRj+kfcl7nFFjreZN57qUPo1POoWiW3anIovgZVCETNVO4avdjVgSojRMUK1bnhsbP6XKcCZwnG8nGmPKhrSPLYuShqj9dLrvmBxbp0t6kbJPGjJ1f0+kNNR6FAa2M6RmoOdrE/O/WisxvQs/5TJODEo2+6iXCGIiMjmedLlCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUi+j3Y=</latexit><latexit sha1_base64="kcwOQVC4lnBgfBMqdYbZxrBDrOo=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUSPFewHtEvJptM2NJtdk6xYlv4JLx4U8erf8ea/MW33oK0vBB7emSEzbxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dWk3nhEpXkk780oRj+kfcl7nFFjreZN57qUPo1POoWiW3anIovgZVCETNVO4avdjVgSojRMUK1bnhsbP6XKcCZwnG8nGmPKhrSPLYuShqj9dLrvmBxbp0t6kbJPGjJ1f0+kNNR6FAa2M6RmoOdrE/O/WisxvQs/5TJODEo2+6iXCGIiMjmedLlCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUi+j3Y=</latexit><latexit sha1_base64="kcwOQVC4lnBgfBMqdYbZxrBDrOo=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUSPFewHtEvJptM2NJtdk6xYlv4JLx4U8erf8ea/MW33oK0vBB7emSEzbxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dWk3nhEpXkk780oRj+kfcl7nFFjreZN57qUPo1POoWiW3anIovgZVCETNVO4avdjVgSojRMUK1bnhsbP6XKcCZwnG8nGmPKhrSPLYuShqj9dLrvmBxbp0t6kbJPGjJ1f0+kNNR6FAa2M6RmoOdrE/O/WisxvQs/5TJODEo2+6iXCGIiMjmedLlCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUi+j3Y=</latexit><latexit sha1_base64="kcwOQVC4lnBgfBMqdYbZxrBDrOo=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUSPFewHtEvJptM2NJtdk6xYlv4JLx4U8erf8ea/MW33oK0vBB7emSEzbxALro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4dWk3nhEpXkk780oRj+kfcl7nFFjreZN57qUPo1POoWiW3anIovgZVCETNVO4avdjVgSojRMUK1bnhsbP6XKcCZwnG8nGmPKhrSPLYuShqj9dLrvmBxbp0t6kbJPGjJ1f0+kNNR6FAa2M6RmoOdrE/O/WisxvQs/5TJODEo2+6iXCGIiMjmedLlCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUi+j3Y=</latexit>

GD(z)
<latexit sha1_base64="BshAB754T/lr95ItHviJF47EeXQ=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUGPFewHtKVk09k2NJtdk6xQl/4JLx4U8erf8ea/MW33oK0vBB7emSEzrx8Lro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqulTjYJLrBluBDZjhTT0BTb84dWk3nhEpXkk780oxk5I+5IHnFFjreZN97qUPo1PuoWiW3anIovgZVCETNVu4avdi1gSojRMUK1bnhubTkqV4UzgON9ONMaUDWkfWxYlDVF30um+Y3JsnR4JImWfNGTq/p5Iaaj1KPRtZ0jNQM/XJuZ/tVZigotOymWcGJRs9lGQCGIiMjme9LhCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUpBj3c=</latexit><latexit sha1_base64="BshAB754T/lr95ItHviJF47EeXQ=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUGPFewHtKVk09k2NJtdk6xQl/4JLx4U8erf8ea/MW33oK0vBB7emSEzrx8Lro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqulTjYJLrBluBDZjhTT0BTb84dWk3nhEpXkk780oxk5I+5IHnFFjreZN97qUPo1PuoWiW3anIovgZVCETNVu4avdi1gSojRMUK1bnhubTkqV4UzgON9ONMaUDWkfWxYlDVF30um+Y3JsnR4JImWfNGTq/p5Iaaj1KPRtZ0jNQM/XJuZ/tVZigotOymWcGJRs9lGQCGIiMjme9LhCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUpBj3c=</latexit><latexit sha1_base64="BshAB754T/lr95ItHviJF47EeXQ=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUGPFewHtKVk09k2NJtdk6xQl/4JLx4U8erf8ea/MW33oK0vBB7emSEzrx8Lro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqulTjYJLrBluBDZjhTT0BTb84dWk3nhEpXkk780oxk5I+5IHnFFjreZN97qUPo1PuoWiW3anIovgZVCETNVu4avdi1gSojRMUK1bnhubTkqV4UzgON9ONMaUDWkfWxYlDVF30um+Y3JsnR4JImWfNGTq/p5Iaaj1KPRtZ0jNQM/XJuZ/tVZigotOymWcGJRs9lGQCGIiMjme9LhCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUpBj3c=</latexit><latexit sha1_base64="BshAB754T/lr95ItHviJF47EeXQ=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AI9VJ2RdBjUUGPFewHtKVk09k2NJtdk6xQl/4JLx4U8erf8ea/MW33oK0vBB7emSEzrx8Lro3rfjtLyyura+u5jfzm1vbObmFvv66jRDGssUhEqulTjYJLrBluBDZjhTT0BTb84dWk3nhEpXkk780oxk5I+5IHnFFjreZN97qUPo1PuoWiW3anIovgZVCETNVu4avdi1gSojRMUK1bnhubTkqV4UzgON9ONMaUDWkfWxYlDVF30um+Y3JsnR4JImWfNGTq/p5Iaaj1KPRtZ0jNQM/XJuZ/tVZigotOymWcGJRs9lGQCGIiMjme9LhCZsTIAmWK210JG1BFmbER5W0I3vzJi1A/LXuW786KlcssjhwcwhGUwINzqMAtVKEGDAQ8wyu8OQ/Oi/PufMxal5xs5gD+yPn8AUpBj3c=</latexit>

E(x̂)
<latexit sha1_base64="RwbrGTwz2x5Zkw39MvoCxfOrtkc=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4IeiyJ4rGA/sF1KNk3b0Gx2SWbFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe1puPXBsRqXscx9wP6UCJvmAUrfVwU+4MKaZPk9NuseRW3JnIMngZlCBTrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2RUVDbvx0tvGEnFinR/qRtk8hmbm/J1IaGjMOA9sZUhyaxdrU/K/WTrB/6adCxQlyxeYf9RNJMCLT80lPaM5Qji1QpoXdlbAh1ZShDalgQ/AWT16GxlnFs3x3XqpeZXHk4QiOoQweXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+R8/gAJQJB9</latexit><latexit sha1_base64="RwbrGTwz2x5Zkw39MvoCxfOrtkc=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4IeiyJ4rGA/sF1KNk3b0Gx2SWbFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe1puPXBsRqXscx9wP6UCJvmAUrfVwU+4MKaZPk9NuseRW3JnIMngZlCBTrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2RUVDbvx0tvGEnFinR/qRtk8hmbm/J1IaGjMOA9sZUhyaxdrU/K/WTrB/6adCxQlyxeYf9RNJMCLT80lPaM5Qji1QpoXdlbAh1ZShDalgQ/AWT16GxlnFs3x3XqpeZXHk4QiOoQweXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+R8/gAJQJB9</latexit><latexit sha1_base64="RwbrGTwz2x5Zkw39MvoCxfOrtkc=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4IeiyJ4rGA/sF1KNk3b0Gx2SWbFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe1puPXBsRqXscx9wP6UCJvmAUrfVwU+4MKaZPk9NuseRW3JnIMngZlCBTrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2RUVDbvx0tvGEnFinR/qRtk8hmbm/J1IaGjMOA9sZUhyaxdrU/K/WTrB/6adCxQlyxeYf9RNJMCLT80lPaM5Qji1QpoXdlbAh1ZShDalgQ/AWT16GxlnFs3x3XqpeZXHk4QiOoQweXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+R8/gAJQJB9</latexit><latexit sha1_base64="RwbrGTwz2x5Zkw39MvoCxfOrtkc=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4IeiyJ4rGA/sF1KNk3b0Gx2SWbFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe1puPXBsRqXscx9wP6UCJvmAUrfVwU+4MKaZPk9NuseRW3JnIMngZlCBTrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2RUVDbvx0tvGEnFinR/qRtk8hmbm/J1IaGjMOA9sZUhyaxdrU/K/WTrB/6adCxQlyxeYf9RNJMCLT80lPaM5Qji1QpoXdlbAh1ZShDalgQ/AWT16GxlnFs3x3XqpeZXHk4QiOoQweXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+R8/gAJQJB9</latexit>

A(x) = |z � ẑ|2
<latexit sha1_base64="qupfMWfdIEcYjZwtXhKCGggTcn0=">AAACFXicbVDLSgMxFM3UV62vUZdugkWooGWmCLoRqm5cVrAP6AxDJk3b0MyD5I7YDv0JN/6KGxeKuBXc+Tdm2i60eiBwOOdcbu7xY8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7gKvObd0wqHoW3MIyZG5BeyLucEtCSZx45AYE+JSK9GJfuD/E5doTOAx7hY+z0CaSjMXZkJnkVzyxaZWsC/JfYM1JEM9Q889PpRDQJWAhUEKXathWDmxIJnAo2LjiJYjGhA9JjbU1DEjDlppOrxvhAKx3cjaR+IeCJ+nMiJYFSw8DXyewGNe9l4n9eO4HumZvyME6AhXS6qJsIDBHOKsIdLhkFMdSEUMn1XzHtE0ko6CILugR7/uS/pFEp25rfnBSrl7M68mgP7aMSstEpqqJrVEN1RNEDekIv6NV4NJ6NN+N9Gs0Zs5ld9AvGxzfKAp3z</latexit><latexit sha1_base64="qupfMWfdIEcYjZwtXhKCGggTcn0=">AAACFXicbVDLSgMxFM3UV62vUZdugkWooGWmCLoRqm5cVrAP6AxDJk3b0MyD5I7YDv0JN/6KGxeKuBXc+Tdm2i60eiBwOOdcbu7xY8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7gKvObd0wqHoW3MIyZG5BeyLucEtCSZx45AYE+JSK9GJfuD/E5doTOAx7hY+z0CaSjMXZkJnkVzyxaZWsC/JfYM1JEM9Q889PpRDQJWAhUEKXathWDmxIJnAo2LjiJYjGhA9JjbU1DEjDlppOrxvhAKx3cjaR+IeCJ+nMiJYFSw8DXyewGNe9l4n9eO4HumZvyME6AhXS6qJsIDBHOKsIdLhkFMdSEUMn1XzHtE0ko6CILugR7/uS/pFEp25rfnBSrl7M68mgP7aMSstEpqqJrVEN1RNEDekIv6NV4NJ6NN+N9Gs0Zs5ld9AvGxzfKAp3z</latexit><latexit sha1_base64="qupfMWfdIEcYjZwtXhKCGggTcn0=">AAACFXicbVDLSgMxFM3UV62vUZdugkWooGWmCLoRqm5cVrAP6AxDJk3b0MyD5I7YDv0JN/6KGxeKuBXc+Tdm2i60eiBwOOdcbu7xY8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7gKvObd0wqHoW3MIyZG5BeyLucEtCSZx45AYE+JSK9GJfuD/E5doTOAx7hY+z0CaSjMXZkJnkVzyxaZWsC/JfYM1JEM9Q889PpRDQJWAhUEKXathWDmxIJnAo2LjiJYjGhA9JjbU1DEjDlppOrxvhAKx3cjaR+IeCJ+nMiJYFSw8DXyewGNe9l4n9eO4HumZvyME6AhXS6qJsIDBHOKsIdLhkFMdSEUMn1XzHtE0ko6CILugR7/uS/pFEp25rfnBSrl7M68mgP7aMSstEpqqJrVEN1RNEDekIv6NV4NJ6NN+N9Gs0Zs5ld9AvGxzfKAp3z</latexit><latexit sha1_base64="qupfMWfdIEcYjZwtXhKCGggTcn0=">AAACFXicbVDLSgMxFM3UV62vUZdugkWooGWmCLoRqm5cVrAP6AxDJk3b0MyD5I7YDv0JN/6KGxeKuBXc+Tdm2i60eiBwOOdcbu7xY8EVWNaXkVtYXFpeya8W1tY3NrfM7Z2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7gKvObd0wqHoW3MIyZG5BeyLucEtCSZx45AYE+JSK9GJfuD/E5doTOAx7hY+z0CaSjMXZkJnkVzyxaZWsC/JfYM1JEM9Q889PpRDQJWAhUEKXathWDmxIJnAo2LjiJYjGhA9JjbU1DEjDlppOrxvhAKx3cjaR+IeCJ+nMiJYFSw8DXyewGNe9l4n9eO4HumZvyME6AhXS6qJsIDBHOKsIdLhkFMdSEUMn1XzHtE0ko6CILugR7/uS/pFEp25rfnBSrl7M68mgP7aMSstEpqqJrVEN1RNEDekIv6NV4NJ6NN+N9Gs0Zs5ld9AvGxzfKAp3z</latexit>

Testing Pipeline


