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Idea: is the classification result of a model mainly based on human perceptible attributes?
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Propose: Bi-directional reasoning 

• Forward: attribute changes —> neuron activation changes 

• Backward: neuron activation changes —> attribute changes 

• Backward: no attribute changes —> no neuron activation changes

Table 1: Number of extracted attribute witnesses in VGG-Face. The first row lists the layers used in
VGG-Face. The second row shows the number of neurons at each layer. The following four rows present the
number of extracted witnesses for individual attributes. The following six rows denote the pairwise overlap of
witnesses between different attributes. The bottom row shows the number of neurons shared by the witness sets
of different attributes.

Layer Name conv1_1 conv1_2 pool1 conv2_1 conv2_2 pool2 conv3_1 conv3_2 conv3_3 pool3
#Neuron 64 64 64 128 128 128 256 256 256 256

#Left Eye 1 - - - 2 3 4 2 3 2
#Right Eye 1 - - - 3 3 4 3 2 3
#Nose 1 - - - 1 3 2 - 1 3
#Mouth 1 - - - 3 2 4 3 15 7

#Left Eye & Right Eye 1 - - - 2 3 3 1 - -
#Left Eye & Nose 1 - - - 1 3 2 - - -
#Left Eye & Mouth 1 - - - 2 1 2 1 1 -
#Right Eye & Nose 1 - - - 1 3 1 - - -
#Right Eye & Mouth 1 - - - 3 1 2 2 1 1
#Nose & Mouth 1 - - - 1 1 1 - - -
#Shared 1 - - - 1 1 1 - - -

Layer Name conv4_1 conv4_2 conv4_3 pool4 conv5_1 conv5_2 conv5_3 pool5 fc6 fc7
#Neuron 512 512 512 512 512 512 512 512 4096 4096

#Left Eye 9 5 15 7 12 4 1 1 - 1
#Right Eye 7 3 10 9 9 1 - - - -
#Nose 10 8 17 13 7 2 2 1 - 1
#Mouth 19 12 12 11 8 2 1 2 1 1

#Left Eye & Right Eye 5 1 3 4 2 - - - - -
#Left Eye & Nose 3 - 4 - 1 - - - - -
#Left Eye & Mouth 1 1 - - - - - - - -
#Right Eye & Nose 3 - 1 1 1 - - - - -
#Right Eye & Mouth 2 - 2 - - - - - - -
#Nose & Mouth 5 1 2 2 - - - - - -
#Shared 1 - - - - - - - - -

Table 2: Accuracy of attribute detection. Attribute detection using extracted witnesses versus using an
existing layer in VGG-Face called face descriptor (i.e., the fc7 layer), whose neurons are considered representing
abstract features of human faces [19].

Dataset VF [19] LFW [33]

Attribute Left Eye Right Eye Nose Mouth Left Eye Right Eye Nose Mouth

Face Descriptor 0.830 0.830 0.955 0.855 0.825 0.835 0.915 0.935
Attribute Witness 0.940 0.935 0.985 0.990 0.870 0.845 0.975 0.965

consistently achieve higher than 93% accuracy whereas face descriptor has lower than 86% for 3
attributes. Since LFW is a dataset with a different set of persons from those in the training set (from
VF), we observe a decrease of accuracy. However, attribute witnesses still have higher accuracy than
face descriptor. Hence, the results demonstrate that AmI extracts witnesses of high quality.

4.2 Detection of Adversarial Samples

We generate 100 adversarial samples for each attack discussed in §2. For patching attacks (Patch
in Table 3), the code provided by Liu et al. [10] is utilized to generate adversarial samples. Since
Sharif et al. [28] did not provide the attack code, we implemented their attack (Glasses) according
to the paper. Three perturbation attacks (C&W0, C&W2 and C&W1) are generated using the
original implementation by Carlini and Wagner [8] . We use the CleverHans library [36] to generate
untargeted attacks FGSM and BIM. For each targeted attack, we test on two settings similar to [18]:
the target being the first output label (First) and the target being the next label of the correct one
(Next). Note that successful attack samples include images that have overlapping attributes such as
eyeglasses and beard. Although these overlapping attributes are not explicitly extracted, AmI can still
successfully detect adversarial samples with their presence. From Table 3 it can be observed that
AmI can effectively detect adversarial samples with more than 90% accuracy for most attacks. The
same tests are conducted on feature squeezing (FS) [18]. The best result achieved by FS is 77%. FS
especially does not preform well on FGSM and BIM, which is consistent with the observation of
Xu et al. [18]. The results demonstrate that FS is not effective on FRSes in spite of its success on
digit recognition (i.e., MNIST [37]) and object classification (i.e., CIFAR-10 [38]). We suspect that

8

Extracted Attribute Witnesses

Table 1: Number of extracted attribute witnesses in VGG-Face. The first row lists the layers used in
VGG-Face. The second row shows the number of neurons at each layer. The following four rows present the
number of extracted witnesses for individual attributes. The following six rows denote the pairwise overlap of
witnesses between different attributes. The bottom row shows the number of neurons shared by the witness sets
of different attributes.

Layer Name conv1_1 conv1_2 pool1 conv2_1 conv2_2 pool2 conv3_1 conv3_2 conv3_3 pool3
#Neuron 64 64 64 128 128 128 256 256 256 256

#Left Eye 1 - - - 2 3 4 2 3 2
#Right Eye 1 - - - 3 3 4 3 2 3
#Nose 1 - - - 1 3 2 - 1 3
#Mouth 1 - - - 3 2 4 3 15 7

#Left Eye & Right Eye 1 - - - 2 3 3 1 - -
#Left Eye & Nose 1 - - - 1 3 2 - - -
#Left Eye & Mouth 1 - - - 2 1 2 1 1 -
#Right Eye & Nose 1 - - - 1 3 1 - - -
#Right Eye & Mouth 1 - - - 3 1 2 2 1 1
#Nose & Mouth 1 - - - 1 1 1 - - -
#Shared 1 - - - 1 1 1 - - -

Layer Name conv4_1 conv4_2 conv4_3 pool4 conv5_1 conv5_2 conv5_3 pool5 fc6 fc7
#Neuron 512 512 512 512 512 512 512 512 4096 4096

#Left Eye 9 5 15 7 12 4 1 1 - 1
#Right Eye 7 3 10 9 9 1 - - - -
#Nose 10 8 17 13 7 2 2 1 - 1
#Mouth 19 12 12 11 8 2 1 2 1 1

#Left Eye & Right Eye 5 1 3 4 2 - - - - -
#Left Eye & Nose 3 - 4 - 1 - - - - -
#Left Eye & Mouth 1 1 - - - - - - - -
#Right Eye & Nose 3 - 1 1 1 - - - - -
#Right Eye & Mouth 2 - 2 - - - - - - -
#Nose & Mouth 5 1 2 2 - - - - - -
#Shared 1 - - - - - - - - -

Table 2: Accuracy of attribute detection. Attribute detection using extracted witnesses versus using an
existing layer in VGG-Face called face descriptor (i.e., the fc7 layer), whose neurons are considered representing
abstract features of human faces [19].

Dataset VF [19] LFW [33]

Attribute Left Eye Right Eye Nose Mouth Left Eye Right Eye Nose Mouth

Face Descriptor 0.830 0.830 0.955 0.855 0.825 0.835 0.915 0.935
Attribute Witness 0.940 0.935 0.985 0.990 0.870 0.845 0.975 0.965

consistently achieve higher than 93% accuracy whereas face descriptor has lower than 86% for 3
attributes. Since LFW is a dataset with a different set of persons from those in the training set (from
VF), we observe a decrease of accuracy. However, attribute witnesses still have higher accuracy than
face descriptor. Hence, the results demonstrate that AmI extracts witnesses of high quality.

4.2 Detection of Adversarial Samples

We generate 100 adversarial samples for each attack discussed in §2. For patching attacks (Patch
in Table 3), the code provided by Liu et al. [10] is utilized to generate adversarial samples. Since
Sharif et al. [28] did not provide the attack code, we implemented their attack (Glasses) according
to the paper. Three perturbation attacks (C&W0, C&W2 and C&W1) are generated using the
original implementation by Carlini and Wagner [8] . We use the CleverHans library [36] to generate
untargeted attacks FGSM and BIM. For each targeted attack, we test on two settings similar to [18]:
the target being the first output label (First) and the target being the next label of the correct one
(Next). Note that successful attack samples include images that have overlapping attributes such as
eyeglasses and beard. Although these overlapping attributes are not explicitly extracted, AmI can still
successfully detect adversarial samples with their presence. From Table 3 it can be observed that
AmI can effectively detect adversarial samples with more than 90% accuracy for most attacks. The
same tests are conducted on feature squeezing (FS) [18]. The best result achieved by FS is 77%. FS
especially does not preform well on FGSM and BIM, which is consistent with the observation of
Xu et al. [18]. The results demonstrate that FS is not effective on FRSes in spite of its success on
digit recognition (i.e., MNIST [37]) and object classification (i.e., CIFAR-10 [38]). We suspect that

8

Attribute Detection

Table 3: Detecting adversarial samples. We have two settings for targeted attacks. ‘First’ denotes that the
first label is the target whereas ‘Next’ denotes the next label of the correct label is the target. FS stands feature
squeezing; AS attribute substitution only; AP attribute preservation only; WKN non-witness weakening only;
STN witness strengthening only; and AmI our final result. The bottom four rows denote detection accuracy of
AmI using witnesses excluding some certain attribute (e.g., w/o Nose).

Detector FP

Targeted Untargeted

Patch Glasses C&W0 C&W2 C&W1
FGSM BIM

First Next First Next First Next First Next First Next

FS [18] 23.32% 0.77 0.71 0.73 0.58 0.68 0.65 0.60 0.50 0.42 0.37 0.36 0.20
AS 20.41% 0.96 0.98 0.97 0.97 0.93 0.99 0.99 1.00 0.96 1.00 0.85 0.76
AP 30.61% 0.89 0.96 0.69 0.75 0.96 0.94 0.99 0.97 0.95 0.99 0.87 0.89

WKN 7.87% 0.94 0.97 0.71 0.76 0.83 0.89 0.99 0.97 0.97 0.96 0.86 0.87
STN 2.33% 0.08 0.19 0.16 0.19 0.90 0.94 0.97 1.00 0.76 0.87 0.46 0.41
AmI 9.91% 0.97 0.98 0.85 0.85 0.91 0.95 0.99 0.99 0.97 1.00 0.91 0.90

w/o Left Eye 18.37% 0.97 0.99 0.75 0.79 0.88 0.92 0.99 0.95 0.97 0.98 0.89 0.90
w/o Right Eeye 18.08% 0.93 0.96 0.73 0.80 0.86 0.91 0.99 0.96 0.98 0.98 0.86 0.87

w/o Nose 27.41% 0.97 0.99 0.78 0.84 0.91 0.94 0.98 0.97 0.99 0.98 0.94 0.90
w/o Mouth 20.99% 0.91 0.97 0.74 0.79 0.86 0.95 1.00 0.95 0.99 0.98 0.86 0.87

feature squeezing only squeezes primitive features such as color depth so that it is less effective in
complex tasks like face recognition that relies on more abstract features. However, it is unclear how
to squeeze abstract features such as human eyes though.

We also evaluate the influence of the detection techniques on benign inputs. The false positive rate
(the FP column in Table 3) is 9.91% for AmI and 23.32% for FS on the VF dataset. The same
evaluation is also conducted on an external dataset, CelebA, which does not intersect with the original
dataset. We randomly select 1000 images from CelebA and test on both FS and AmI. The false
positive rate is 8.97% for AmI and 28.43% for FS. We suspect the higher false positive rate for FS is
due to the same reason of squeezing primitive features that benign inputs also heavily rely on.

To support our design choice of using bi-directional reasoning in extracting attribute witnesses and
using neuron strengthening and weakening, we conducted a few additional experiments: (1) we use
only attribute substitution to extract witnesses and then build the attribute-steered model for detection
with results shown in the AS row of Table 3; (2) we use only attribute preservation (AP); (3) we only
weaken non-witnesses (WKN); and (4) we only strengthen witnesses (STN). Our results show that
although AS or AP alone can detect adversarial samples with good accuracy, their false positive rates
(see the FP column) are very high (i.e., 20.41% and 30.61%). The reason is that they extract too many
neurons as the witnesses, which are strengthened in the new model, leading to wrong classification
results for benign inputs. Moreover, using weakening has decent results but strengthening further
improves them with a bit trade-off regarding false positives.

We further investigate the robustness of AmI employing different sets of witnesses by excluding those
of some attribute during adversary detection. Specifically, we evaluate on four subsets of attribute
witnesses extracted using bi-directional reasoning as shown in Table 3: (1) we exclude witnesses of
left eye (w/o Left Eye); (2) exclude witnesses of right eye (w/o Right Eye); (3) exclude witnesses of
nose (w/o Nose); and (4) exclude witnesses of mouth (w/o Mouth). We observe that the detection
accuracy degrades a bit (less than 5% in most cases). It suggests that AmI is robust with respect to
different attribute witnesses.

5 Conclusion

We propose an adversarial sample detection technique AmI in the context of face recognition, by
leveraging interpretability of DNNs. Our technique features a number of critical design choices:
novel bi-directional correspondence inference between face attributes and internal neurons; using
attribute level mutation instead of pixel level mutation; and neuron strengthening and weakening.
Results demonstrate that AmI is highly effective, superseding the state-of-the-art in the targeted
context.
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<latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3gSTsh+j7VW7xecUPkkrk3i5ZLE=">AAACE3icbZBLSwMxFIXv+Kz1Vd26CRbRjWVGEN0IghuXCtYWOmO5k2baYDIzJJmBMswvceNfceNCEcGd/8b0sdDWA4GTcxKS+4Wp4Nq47rezsLi0vLJaWauub2xubdd2Nu51kinKmjQRiWqHqJngMWsabgRrp4qhDAVrhY9Xo76VM6V5Et+ZYcoCif2YR5yisVG3dpofkgvCHopjP1JIi5wcE19mZeGjSAdIfNpLDPE170ssy+k279bqbsMdi8wbb2rqMNVNt/bl9xKaSRYbKlDrjuemJihQGU4FK6t+plmK9BH7rGNtjJLpoBiPV5IDm/RIlCi7YkPG6e8bBUqthzK0JyWagZ7tRuF/XScz0XlQ8DjNDIvp5KEoE8QkZMSK9Lhi1IihNUgVt38ldIAWk7FEqxaCNzvyvLk/aXhuw7t1oQJ7sA9H4MEZXMI13EATKDzBC7zBu/PsvDofE1wLzpTbLvyR8/kDte2gEA==</latexit><latexit sha1_base64="3gSTsh+j7VW7xecUPkkrk3i5ZLE=">AAACE3icbZBLSwMxFIXv+Kz1Vd26CRbRjWVGEN0IghuXCtYWOmO5k2baYDIzJJmBMswvceNfceNCEcGd/8b0sdDWA4GTcxKS+4Wp4Nq47rezsLi0vLJaWauub2xubdd2Nu51kinKmjQRiWqHqJngMWsabgRrp4qhDAVrhY9Xo76VM6V5Et+ZYcoCif2YR5yisVG3dpofkgvCHopjP1JIi5wcE19mZeGjSAdIfNpLDPE170ssy+k279bqbsMdi8wbb2rqMNVNt/bl9xKaSRYbKlDrjuemJihQGU4FK6t+plmK9BH7rGNtjJLpoBiPV5IDm/RIlCi7YkPG6e8bBUqthzK0JyWagZ7tRuF/XScz0XlQ8DjNDIvp5KEoE8QkZMSK9Lhi1IihNUgVt38ldIAWk7FEqxaCNzvyvLk/aXhuw7t1oQJ7sA9H4MEZXMI13EATKDzBC7zBu/PsvDofE1wLzpTbLvyR8/kDte2gEA==</latexit><latexit sha1_base64="eiLG11C+zBd5EXHV2AhtU3YloYM=">AAACHnicbVDLSsNAFJ34rPUVdelmsIhuWhJBdCMU3bisYB/Q1HIznbRDZ5IwMymUkC9x46+4caGI4Er/xmmbhbYeuHDmnHuZe48fc6a043xbS8srq2vrhY3i5tb2zq69t99QUSIJrZOIR7Llg6KchbSumea0FUsKwue06Q9vJn5zRKViUXivxzHtCOiHLGAEtJG69vnoBF9h+pCWvUACSUe4jD2RZKkHPB4A9kgv0thTrC8gy/LnqGuXnIozBV4kbk5KKEeta396vYgkgoaacFCq7Tqx7qQgNSOcZkUvUTQGMoQ+bRsagqCqk07Py/CxUXo4iKSpUOOp+nsiBaHUWPimU4AeqHlvIv7ntRMdXHZSFsaJpiGZfRQkHOsIT7LCPSYp0XxsCBDJzK6YDMDEpE2iRROCO3/yImmcVVyn4t45pep1HkcBHaIjdIpcdIGq6BbVUB0R9Iie0St6s56sF+vd+pi1Lln5zAH6A+vrB6JtoZU=</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3gSTsh+j7VW7xecUPkkrk3i5ZLE=">AAACE3icbZBLSwMxFIXv+Kz1Vd26CRbRjWVGEN0IghuXCtYWOmO5k2baYDIzJJmBMswvceNfceNCEcGd/8b0sdDWA4GTcxKS+4Wp4Nq47rezsLi0vLJaWauub2xubdd2Nu51kinKmjQRiWqHqJngMWsabgRrp4qhDAVrhY9Xo76VM6V5Et+ZYcoCif2YR5yisVG3dpofkgvCHopjP1JIi5wcE19mZeGjSAdIfNpLDPE170ssy+k279bqbsMdi8wbb2rqMNVNt/bl9xKaSRYbKlDrjuemJihQGU4FK6t+plmK9BH7rGNtjJLpoBiPV5IDm/RIlCi7YkPG6e8bBUqthzK0JyWagZ7tRuF/XScz0XlQ8DjNDIvp5KEoE8QkZMSK9Lhi1IihNUgVt38ldIAWk7FEqxaCNzvyvLk/aXhuw7t1oQJ7sA9H4MEZXMI13EATKDzBC7zBu/PsvDofE1wLzpTbLvyR8/kDte2gEA==</latexit><latexit sha1_base64="3gSTsh+j7VW7xecUPkkrk3i5ZLE=">AAACE3icbZBLSwMxFIXv+Kz1Vd26CRbRjWVGEN0IghuXCtYWOmO5k2baYDIzJJmBMswvceNfceNCEcGd/8b0sdDWA4GTcxKS+4Wp4Nq47rezsLi0vLJaWauub2xubdd2Nu51kinKmjQRiWqHqJngMWsabgRrp4qhDAVrhY9Xo76VM6V5Et+ZYcoCif2YR5yisVG3dpofkgvCHopjP1JIi5wcE19mZeGjSAdIfNpLDPE170ssy+k279bqbsMdi8wbb2rqMNVNt/bl9xKaSRYbKlDrjuemJihQGU4FK6t+plmK9BH7rGNtjJLpoBiPV5IDm/RIlCi7YkPG6e8bBUqthzK0JyWagZ7tRuF/XScz0XlQ8DjNDIvp5KEoE8QkZMSK9Lhi1IihNUgVt38ldIAWk7FEqxaCNzvyvLk/aXhuw7t1oQJ7sA9H4MEZXMI13EATKDzBC7zBu/PsvDofE1wLzpTbLvyR8/kDte2gEA==</latexit><latexit sha1_base64="eiLG11C+zBd5EXHV2AhtU3YloYM=">AAACHnicbVDLSsNAFJ34rPUVdelmsIhuWhJBdCMU3bisYB/Q1HIznbRDZ5IwMymUkC9x46+4caGI4Er/xmmbhbYeuHDmnHuZe48fc6a043xbS8srq2vrhY3i5tb2zq69t99QUSIJrZOIR7Llg6KchbSumea0FUsKwue06Q9vJn5zRKViUXivxzHtCOiHLGAEtJG69vnoBF9h+pCWvUACSUe4jD2RZKkHPB4A9kgv0thTrC8gy/LnqGuXnIozBV4kbk5KKEeta396vYgkgoaacFCq7Tqx7qQgNSOcZkUvUTQGMoQ+bRsagqCqk07Py/CxUXo4iKSpUOOp+nsiBaHUWPimU4AeqHlvIv7ntRMdXHZSFsaJpiGZfRQkHOsIT7LCPSYp0XxsCBDJzK6YDMDEpE2iRROCO3/yImmcVVyn4t45pep1HkcBHaIjdIpcdIGq6BbVUB0R9Iie0St6s56sF+vd+pi1Lln5zAH6A+vrB6JtoZU=</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit><latexit sha1_base64="f9hNibuKnjPukv0Z9v+ldQwmUOY=">AAACHnicbVDLSgMxFM3UV62vqks3wSK6aZkRRTdC0Y3LCvYBnVrupJk2NJkZkkyhDPMlbvwVNy4UEVzp35i2s9DWAxdOzrmX3Hu8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GCmNJaJ2EPJQtDxTlLKB1zTSnrUhSEB6nTW94M/GbIyoVC4N7PY5oR0A/YD4joI3ULZ6PjvEVpg9J2fUlkGSEy9gVcZq4wKMBYJf0Qo1dxfoC0jR7jrrFkl2xp8CLxMlICWWodYufbi8ksaCBJhyUajt2pDsJSM0Ip2nBjRWNgAyhT9uGBiCo6iTT81J8ZJQe9kNpKtB4qv6eSEAoNRae6RSgB2rem4j/ee1Y+5edhAVRrGlAZh/5Mcc6xJOscI9JSjQfGwJEMrMrJgMwMWmTaMGE4MyfvEgapxXHrjh3Z6XqdRZHHh2gQ3SCHHSBqugW1VAdEfSIntErerOerBfr3fqYteasbGYf/YH19QOjraGZ</latexit>

v0 = ✏ · v +
⇣
1� e�
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�·�

⌘
· v

<latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit><latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit><latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="H8K/EpwuAKQ4qUlO1cyX22KNeeM="></latexit><latexit sha1_base64="H8K/EpwuAKQ4qUlO1cyX22KNeeM="></latexit><latexit sha1_base64="wnH277R6ySLqx06DV+7WtkVRzMA="></latexit><latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit><latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit><latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit><latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit><latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit><latexit sha1_base64="BUmVHySIJ5h2M7Q4j8WXDpRvoSM="></latexit>

µ : mean of witness neurons
<latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit><latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit><latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="m9YVcBGQQIkg/EmvunpmMoufaKk=">AAACAXicbZC9SgNBFIXv+htj1GhrMyiCVdi1UawEG8sIJgpJkNnJXTM4P8vMXTUseQAbX8XGQhFfws63cRJT+Hdg4OOcO8zck+ZKeorjj2hmdm5+YbGyVF2urayu1ddrbW8LJ7AlrLLuIuUelTTYIkkKL3KHXKcKz9Pr43F+foPOS2vOaJhjT/MrIzMpOAXrsr7d1cUh6xLeUamRG2YzdivJoPfMYOGs8aMwFTfiidhfSKawDVM1L+vv3b4VhUZDQnHvO0mcU6/kjqRQOKp2C485F9f8CjsBDdfoe+VkmRHbCU6fZdaFY4hN3O83Sq69H+o0TGpOA/87G5v/ZZ2CsoNeKU1eEBrx9VBWKEaWjZthfelQkBoG4MLJ8FcmBtxxQaG/aigh+b3yX2jvNZK4kZzGUIFN2IJdSGAfjuAEmtACAffwCM/wEj1ET9HrV10z0bS3Dfih6O0Tar+aMA==</latexit><latexit sha1_base64="m9YVcBGQQIkg/EmvunpmMoufaKk=">AAACAXicbZC9SgNBFIXv+htj1GhrMyiCVdi1UawEG8sIJgpJkNnJXTM4P8vMXTUseQAbX8XGQhFfws63cRJT+Hdg4OOcO8zck+ZKeorjj2hmdm5+YbGyVF2urayu1ddrbW8LJ7AlrLLuIuUelTTYIkkKL3KHXKcKz9Pr43F+foPOS2vOaJhjT/MrIzMpOAXrsr7d1cUh6xLeUamRG2YzdivJoPfMYOGs8aMwFTfiidhfSKawDVM1L+vv3b4VhUZDQnHvO0mcU6/kjqRQOKp2C485F9f8CjsBDdfoe+VkmRHbCU6fZdaFY4hN3O83Sq69H+o0TGpOA/87G5v/ZZ2CsoNeKU1eEBrx9VBWKEaWjZthfelQkBoG4MLJ8FcmBtxxQaG/aigh+b3yX2jvNZK4kZzGUIFN2IJdSGAfjuAEmtACAffwCM/wEj1ET9HrV10z0bS3Dfih6O0Tar+aMA==</latexit><latexit sha1_base64="A/UQkM/Up3wQiIniNyq1uUyZNxg=">AAACDHicbVC7SgNBFJ31bXxFLW0Gg2AVdm0Uq6CNpYJJhGyQ2cldHZzHMnNXDUs+wMZfsbFQxNYPsPNvnMQtNPHAwOGcc7lzT5JJ4TAMv4Kp6ZnZufmFxcrS8srqWnV9o+VMbjk0uZHGXiTMgRQamihQwkVmgalEQju5OR767VuwThh9jv0MuopdaZEKztBLl9VarPJDGiPcY6GAaWpSeidQg3NUQ26NdgOfCuvhCHSSRCWpkRKnl9XPuGd4rkAjl8y5ThRm2C2YRcElDCpx7iBj/IZdQcdTzRS4bjE6ZkB3vNKjqbH+aaQj9fdEwZRzfZX4pGJ47ca9ofif18kxPegWQmc5guY/i9JcUjR02AztCQscZd8Txq3wf6X8mlnG0fdX8SVE4ydPktZePQrr0VlYaxyVdSyQLbJNdklE9kmDnJBT0iScPJAn8kJeg8fgOXgL3n+iU0E5s0n+IPj4BhkVm6M=</latexit><latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit><latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit><latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit><latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit><latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit><latexit sha1_base64="ef9Yv0NbU/wNozveoXmQbb7Gv40=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCuCYhW0sYxgEiEJMju5q4PzWGbuqmHJB9j4KzYWitj6AXb+jZNkC18HBg7nnMude+JUCodh+BlMTc/Mzs2XFsqLS8srq5W19ZYzmeXQ5EYaex4zB1JoaKJACeepBaZiCe34+njkt2/AOmH0GQ5S6Cl2qUUiOEMvXVSqXZUd0i7CHeYKmKYmobcCNThHNWTWaDf0qbAWjkH/kqggVVKgcVH56PYNzxRo5JI514nCFHs5syi4hGG5mzlIGb9ml9DxVDMFrpePjxnSba/0aWKsfxrpWP0+kTPl3EDFPqkYXrnf3kj8z+tkmBz0cqHTDEHzyaIkkxQNHTVD+8ICRznwhHEr/F8pv2KWcfT9lX0J0e+T/5LWbi0Ka9HpXrV+VNRRIptki+yQiOyTOjkhDdIknNyTR/JMXoKH4Cl4Dd4m0amgmNkgPxC8fwEaVZun</latexit>

� : deviation of witness neurons
<latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit><latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit><latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="anSWuzSpoQpk8lIcJRh1vJp6FRk=">AAACCXicbZDNSgMxFIXv+G+tWt26CRZBEMqMG8WV4MalgrVCW0omvdMGM8mQ3FHL0Idw46u4caGIL+DOtzH9Waj1QOBwTsLN/eJMSUdh+BXMzS8sLi2vrJbWyusbm5Wt8rUzuRVYF0YZexNzh0pqrJMkhTeZRZ7GChvx7dmob9yhddLoKxpk2E55T8tECk4+6lQOWk72Un7CWoQPVHTxTo4bZhJ2L0mjc0xjbo12w06lGtbCsdisiaamClNddCqfra4ReYqahOLONaMwo3bBLUmhcFhq5Q4zLm55D5veap6iaxfjpYZszyddlhjrjyY2Tn++KHjq3CCN/c2UU9/97Ubhf10zp+S4XUid5YRaTAYluWJk2IgQ60qLgtTAGy6s9H9los8tF+Q5ljyE6O/Ks+b6sBaFtegyhBXYgV3YhwiO4BTO4QLqIOARnuEV3oKn4CV4n+CaC6bctuGXgo9v8pWdyQ==</latexit><latexit sha1_base64="anSWuzSpoQpk8lIcJRh1vJp6FRk=">AAACCXicbZDNSgMxFIXv+G+tWt26CRZBEMqMG8WV4MalgrVCW0omvdMGM8mQ3FHL0Idw46u4caGIL+DOtzH9Waj1QOBwTsLN/eJMSUdh+BXMzS8sLi2vrJbWyusbm5Wt8rUzuRVYF0YZexNzh0pqrJMkhTeZRZ7GChvx7dmob9yhddLoKxpk2E55T8tECk4+6lQOWk72Un7CWoQPVHTxTo4bZhJ2L0mjc0xjbo12w06lGtbCsdisiaamClNddCqfra4ReYqahOLONaMwo3bBLUmhcFhq5Q4zLm55D5veap6iaxfjpYZszyddlhjrjyY2Tn++KHjq3CCN/c2UU9/97Ubhf10zp+S4XUid5YRaTAYluWJk2IgQ60qLgtTAGy6s9H9los8tF+Q5ljyE6O/Ks+b6sBaFtegyhBXYgV3YhwiO4BTO4QLqIOARnuEV3oKn4CV4n+CaC6bctuGXgo9v8pWdyQ==</latexit><latexit sha1_base64="L2SfYRtPD9zHIneKkgjG1TH2/gQ=">AAACFHicbVA9SwNBEN3z2/h1ammzGARBCHc2ilXQxlLBJEISwt5mLi7u7R67c9Fw5EfY+FdsLBSxtbDz37g5r/DrwcDjvRlm5kWpFBaD4MObmp6ZnZtfWKwsLa+srvnrG02rM8OhwbXU5jJiFqRQ0ECBEi5TAyyJJLSi65OJ3xqCsUKrCxyl0E3YQIlYcIZO6vl7HSsGCTuiHYRbzPswFIVDdUxvBCqwlirIjFZ23POrQS0oQP+SsCRVUuKs5793+ppnCSjkklnbDoMUuzkzKLiEcaWTWUgZv2YDaDuqWAK2mxdPjemOU/o01saVQlqo3ydyllg7SiLXmTC8sr+9ifif184wPuzmQqUZguJfi+JMUtR0khDtCwMc5cgRxo1wt1J+xQzj6HKsuBDC3y//Jc39WhjUwvOgWj8u41ggW2Sb7JKQHJA6OSVnpEE4uSMP5Ik8e/feo/fivX61TnnlzCb5Ae/tE8dmn0Q=</latexit><latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit><latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit><latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit><latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit><latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit><latexit sha1_base64="Q6xzYZQjxlSIYAOxlGQyXCtOMqM=">AAACFHicbVA9SwNBEN3z2/gVtbRZDIIghDsRFCvRxjKCiUJyhL3NXLK4t3vszkXDkR9h41+xsVDE1sLOf+MmXqHGBwOP92aYmRelUlj0/U9vanpmdm5+YbG0tLyyulZe32hYnRkOda6lNtcRsyCFgjoKlHCdGmBJJOEqujkb+Vd9MFZodYmDFMKEdZWIBWfopHZ5r2VFN2HHtIVwh3kH+mLsUB3TW4EKrKUKMqOVHbbLFb/qj0EnSVCQCilQa5c/Wh3NswQUcsmsbQZ+imHODAouYVhqZRZSxm9YF5qOKpaADfPxU0O645QOjbVxpZCO1Z8TOUusHSSR60wY9uxfbyT+5zUzjI/CXKg0Q1D8e1GcSYqajhKiHWGAoxw4wrgR7lbKe8wwji7Hkgsh+PvyJGnsVwO/GlwcVE5OizgWyBbZJrskIIfkhJyTGqkTTu7JI3kmL96D9+S9em/frVNeMbNJfsF7/wLIpp9I</latexit>

min : minimum of witness neurons
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v : activation of a neuron
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↵ : weakening factor
<latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit><latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit><latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="yw0a5xLRhE0Z4mCjEFmt5RQuSbE=">AAAB/XicbZA7SwNBFIXv+ja+oq2FgyJYhV0bxUqwsVQwKiQh3J3cTYbMzi4zd9WwpLTxr9hYKOLfsPPfOIkpfB0YOJwzw537xblWjsPwI5ianpmdm19YrCwtr6yuVdeXL11WWEl1menMXsfoSCtDdVas6Tq3hGms6Srun4z6qxuyTmXmggc5tVLsGpUoieyjdnWriTrv4ZFoMt1xeUvYJ6NMVyQoObPDdnUnrIVjib8mmpgdmOisXX1vdjJZpGRYanSuEYU5t0q0rKSmYaVZOMpR9rFLDW8NpuRa5XiRodj1SUckmfXHsBin31+UmDo3SGN/M0Xuud/dKPyvaxScHLZKZfKCycivQUmhBWdiREV0lCXJeuANSqv8X4XsofUMPLuKhxD9XvmvudyvRWEtOg9hATZhG/YgggM4hlM4gzpIuIdHeIaX4CF4Cl6/cE0FE24b8EPB2yeJZZib</latexit><latexit sha1_base64="yw0a5xLRhE0Z4mCjEFmt5RQuSbE=">AAAB/XicbZA7SwNBFIXv+ja+oq2FgyJYhV0bxUqwsVQwKiQh3J3cTYbMzi4zd9WwpLTxr9hYKOLfsPPfOIkpfB0YOJwzw537xblWjsPwI5ianpmdm19YrCwtr6yuVdeXL11WWEl1menMXsfoSCtDdVas6Tq3hGms6Srun4z6qxuyTmXmggc5tVLsGpUoieyjdnWriTrv4ZFoMt1xeUvYJ6NMVyQoObPDdnUnrIVjib8mmpgdmOisXX1vdjJZpGRYanSuEYU5t0q0rKSmYaVZOMpR9rFLDW8NpuRa5XiRodj1SUckmfXHsBin31+UmDo3SGN/M0Xuud/dKPyvaxScHLZKZfKCycivQUmhBWdiREV0lCXJeuANSqv8X4XsofUMPLuKhxD9XvmvudyvRWEtOg9hATZhG/YgggM4hlM4gzpIuIdHeIaX4CF4Cl6/cE0FE24b8EPB2yeJZZib</latexit><latexit sha1_base64="eqSRk7OXGGF+WmNryXBDfFMwgZ4=">AAACCHicbVA9SwNBEN3zM8avU0sLF4NgFe5sFKugjaWCUSEJYW4zlyzZ2zt259RwpLTxr9hYKGLrT7Dz37iJKfx6MPB4b4aZeVGmpKUg+PCmpmdm5+ZLC+XFpeWVVX9t/cKmuRFYF6lKzVUEFpXUWCdJCq8yg5BECi+j/vHIv7xGY2Wqz2mQYSuBrpaxFEBOavtbTVBZDw55k/CWihuEPmqpuzwGQakZtv1KUA3G4H9JOCEVNsFp239vdlKRJ6hJKLC2EQYZtQowJIXCYbmZW8xA9KGLDUc1JGhbxfiRId9xSofHqXGliY/V7xMFJNYOksh1JkA9+9sbif95jZzig1YhdZYTavG1KM4Vp5SPUuEdaVCQGjgCwkh3Kxc9MC4Dl13ZhRD+fvkvudirhkE1PAsqtaNJHCW2ybbZLgvZPquxE3bK6kywO/bAntizd+89ei/e61frlDeZ2WA/4L19Aibgmgo=</latexit><latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit><latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit><latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit><latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit><latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit><latexit sha1_base64="MnG5lAHsLwJgSzEQlsiBnHC20e0=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U4ExSpoY6lgopCEMLeZS5bs7R27c2o4Utr4V2wsFLH1J9j5b9x8FH49GHi8N8PMvDBV0pLvf3pT0zOzc/MLi4Wl5ZXVteL6Rs0mmRFYFYlKzHUIFpXUWCVJCq9TgxCHCq/C3unQv7pBY2WiL6mfYjOGjpaRFEBOahW3G6DSLhzzBuEd5bcIPdRSd3gEghIzaBVLftkfgf8lwYSU2ATnreJHo52ILEZNQoG19cBPqZmDISkUDgqNzGIKogcdrDuqIUbbzEePDPiuU9o8SowrTXykfp/IIba2H4euMwbq2t/eUPzPq2cUHTVzqdOMUIvxoihTnBI+TIW3pUFBqu8ICCPdrVx0wbgMXHYFF0Lw++W/pLZfDvxycHFQqpxM4lhgW2yH7bGAHbIKO2PnrMoEu2eP7Jm9eA/ek/fqvY1bp7zJzCb7Ae/9Cyggmg4=</latexit>

✏,� : strengthening factor
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Evaluation

• Model: VGG-Face, 16 layers, 97.27% on LFW 

• Datasets 

‣ VGG Face dataset (VF) 

‣ Labeled Faces in the Wild (LFW) 

‣ CelebFaces Attributes dataset (CelebA) 

• Attacks: Patch, Glasses, C&W0, C&W2, C&W∞, FGSM, BIM

(a) Original (b) Patch (c) Glasses (d) C&W0

(e) C&W2 (f) C&W1 (g) FGSM (h) BIM
Figure 2: Adversarial samples of different attacks on FRSes. Figure 2(a) shows the original image of actor
Laz Alonso. Figure 2(b)-(h) are 7 adversarial samples generated using different attacks (denoted in the caption).
The left images are the generated adversarial samples and the right images are their pixel-wise differences
compared to the original image. The differences have been magnified 50 times for better visual display.

2 Background and Related Work

• Model Interpretation: Interpreting DNNs is a long-standing challenge. Existing work investigates
interpretability from multiple perspectives and feature visualization is one of them.While explaining
DNNs largely lies in understanding the role of individual neurons and layers, feature visualization
tackles the problem by generating neurons’ receptive fields, which are input regions of interest
maximizing the activation value of a neuron [20–24]. In [26], the authors proposed a technique to
associate neurons with objects in an input image. Particularly, if the receptive field of a set of neurons
overlaps with some human-interpretable object (e.g., dog and house), the set of neurons is labeled
with the corresponding object and regarded as the detector of the object. This approach expands the
focus from one neuron (in feature visualization) to a set of neurons. However, while these existing
techniques are related to attribute witness extraction in our technique, they are not sufficient for our
purpose. The reasoning in feature visualization and in [26] is one-way, that is, pixel perturbations
lead to neuron value changes. In §3.1 and §4.2, we discuss/demonstrate that one-way reasoning
often leads to over-approximation (i.e., the neurons are related but not essential to some attribute)
and hence sub-optimal detection results. A stronger notion of correlation is needed in our context.
Furthermore, we leverage attribute substitutions in the training images for mutation (e.g., replacing a
nose with other different noses), instead of using random pixel perturbations as in existing work.

• Adversarial Samples: Adversarial samples are model inputs generated by adversaries to fool
DNNs. There exist two types of adversarial sample attacks: targeted attacks and untargeted attacks.
Targeted attacks manipulate DNNs to output a specific classification result and hence are more
catastrophic. Untargeted attacks, on the other hand, only lead to misclassification without a target.

Targeted attacks further fall into two categories: patching and pervasive perturbations. The former
generates patches that can be applied to an image to fool a DNN [10, 27]. The left image of Figure 2(b)
shows an example of patching attack. Figure 2(c) demonstrates a patch in the shape of glasses [28].
In contrast, pervasive perturbation mutates a benign input at arbitrary places to construct adversarial
samples. Carlini and Wagner [8] proposed three such attacks. Figure 2(d) shows the L0 attack that
limits the number of pixels that can be altered without the restriction on their magnitude; Figure 2(e)
shows the L2 attack that minimizes the Euclidean distance between adversarial samples and the
original images. Figure 2(f) demonstrates the L1 attack, which bounds the magnitude of changes of
individual pixels but does not limit the number of changed pixels.

Untargeted attacks was first proposed by Szegedy et al. [5]. Fast Gradient Sign Method (FGSM)
generates adversarial samples by mutating the whole image in one step along the gradient direction
[6] (Figure 2(g)). Kurakin et al. [7] subsequently extended FGSM by taking multiple small steps.
The attack is called Basic Iterative Method (BIM), which is shown in Figure 2(h).

• Defense Techniques: Researchers have made a plethora of efforts to defend DNNs against ad-
versarial attacks. Existing defense techniques can be broadly categorized into two kinds: model

hardening and adversary detection. Our proposed AmI system lies in the second genre.

Model hardening is to improve the robustness of DNNs, which is to prevent adversarial samples from
causing DNN misbehaviors. Previous work regarded adversarial samples as an additional output class
and trained DNNs with the new class [5, 6, 12]. These approaches, however, may not be practical
due to the requirement of prior knowledge of adversarial samples. Defensive distillation [14] aimed
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