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Motivation

Signed graphs have positive and negative edge weights to model
similarity/dissimilarity, like/dislike, trust/distrust, friend/foe,
activation/inhibition

friend-foe
network for
16 Guinea
highland
tribes

trust/distrust network for
1000 users on Bitcoin Alpha

E. coli gene
transciption
network
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Problem Statement

Given: N objects, M measurements → N ×M data matrix

X =

xT1
...

xTN

 =
(
x̃1 . . . x̃M

) {
N measurement vectors xi (rows)

M graph signals x̃m (columns)

Signed graph learning I find edge weight matrix W ∈ RN×N
Wij = 0, no edge between nodes i and j

Wij > 0, similarity edge between nodes i and j

Wij < 0, dissimilarity edge between nodes i and j

Rationale:
• graph signals x̃1, . . . , x̃M shall be smooth on the graph
• +/− edge between nodes i and j if xi and xj are similar/dissimilar

NB: unsigned graph learning (Wij ≥ 0) has received a lot of attention!
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Smoothness/(Dis)similarity Metrics

Signed Laplacian form:

xTLx =
1

2

N∑
i=1

N∑
j=1

|Wij | ·
(
xi − sign(Wij)xj

)2
with signed Laplacian

L = Diag{d1, . . . , dN} −W, di =
N∑
j=1

|Wij |

Signed total variation:

‖x‖TV =

N∑
i=1

N∑
j=1

|Wij | · |xi − sign(Wij)xj |

Both metrics are small if xi ≈ xj for Wij > 0 and xi ≈ −xj for Wij < 0
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Optimization Problem

Unified formulation of cost function:

fp(W) =

N∑
i=1

N∑
j=1

|Wij | · ‖xi − sign(Wij)xj‖pp

Optimization problem:

min
W∈W

fp(W) +
µ

2
‖W‖22

W =

{
W : 0 ≤ |Wij | ≤ Cij , . . . prior knowledge

ai ≤
N∑
j=1

|Wij | ≤ bi, . . . control node degrees

N∑
j=1

|Wij | = 2N

}
. . . weight normalization

This problem is not convex . . .
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Solution

Sign-magnitude representation: Wij = |Wij | sign(Sij) = W̃ijSij

I min
W̃ij∈W

Sij∈{−1,1}

N∑
i=1

N∑
j=1

W̃ij‖xi − Sijxj‖pp +
µ

2
W̃ 2
ij

Sign optimization has explicit solution:

min
Sij∈{−1,1}

‖xi − Sijxj‖pp = D
(p)
ij , min

{
‖xi − xj‖pp︸ ︷︷ ︸

Sij=1

, ‖xi + xj‖pp︸ ︷︷ ︸
Sij=−1

}

Magnitude optimization amounts to ordinary unsigned graph learning:

min
W̃∈W

tr{W̃D(p)}+ µ

2
‖W̃‖22

. . . quadratic problem, can be solved efficiently e.g. using ADMM
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Illustrative Example

N = 3, xT = (1,−2, 4), p = 1, no weight and degree constraints

|x1 − x2| = 3

|x1 + x2| = 1

S12 = −1, D(1)
12 = 1

|x1 − x3| = 3

|x1 + x3| = 5

S13 = 1, D
(1)
13 = 3

|x2 − x3| = 6

|x2 + x3| = 2

S23 = −1, D(1)
23 = 2

Waterfilling solution:

Wij=
Sij

µ max
{
0, ω−D(1)

ij

}

W12

<latexit sha1_base64="dL9z6nBxFvIN9yANH+CphHmFUUE=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCT2W3tOix4MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3ptsetPXBwOO9GWbmhQln2njet1PY2t7Z3Svulw4Oj45P3NOzjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244vV343SeqNJPiwcwSGsR4LFjECDZW6nSHmV+bD92yV/VyoE3ir0i56UKO1tD9GowkSWMqDOFY677vJSbIsDKMcDovDVJNE0ymeEz7lgocUx1k+bVzdGWVEYqksiUMytXfExmOtZ7Foe2MsZnodW8h/uf1UxPdBBkTSWqoIMtFUcqRkWjxOhoxRYnhM0swUczeisgEK0yMDahkQ/DXX94knVrVr1cb9/Vys7JMA4pwAZdQAR+uoQl30II2EHiEZ3iFN0c6L86787FsLTirmXP4A+fzB3eLjwU=</latexit>

W13

<latexit sha1_base64="n/68/SwLnITTinpb7hVMmOaMjBY=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCT2VXW/RY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b020P2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH7vFJW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtTuDzL+aDdyyV/VyoHXiL0m54UKO5sD96g8lSWMqDOFY657vJSbIsDKMcDor9VNNE0wmeER7lgocUx1k+bUzdGGVIYqksiUMytXfExmOtZ7Goe2MsRnrVW8u/uf1UhPdBBkTSWqoIItFUcqRkWj+OhoyRYnhU0swUczeisgYK0yMDahkQ/BXX14n7cuqX6vW72vlRmWRBhThDM6hAj5cQwPuoAktIPAIz/AKb450Xpx352PRWnCWM6fwB87nD3kQjwY=</latexit>

W23

<latexit sha1_base64="wo3ErIqoV7QeYq9NvJRyFcRD+Gs=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EixCT2W3VvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b020P2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH7vFJW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSec3M79zhNVmknxYKYJDWI8EixiBBsrtTuDrHY5G7hlr+rlQOvEX5Jyw4UczYH71R9KksZUGMKx1j3fS0yQYWUY4XRW6qeaJphM8Ij2LBU4pjrI8mtn6MIqQxRJZUsYlKu/JzIcaz2NQ9sZYzPWq95c/M/rpSa6CTImktRQQRaLopQjI9H8dTRkihLDp5Zgopi9FZExVpgYG1DJhuCvvrxO2rWqX69e3dfLjcoiDSjCGZxDBXy4hgbcQRNaQOARnuEV3hzpvDjvzseiteAsZ07hD5zPH3qWjwc=</latexit>

µ

<latexit sha1_base64="hYQBPL3lPwJNVBq5F7hNVh286pI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBahp5JIRY8FLx4r2g9oQ9lsN+3S3U3Y3Qgl9Cd48aCIV3+RN/+N26QHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Mj9/iko+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vV343SeqNIvlo5klNBB4LFnECDZWehiIdOhWvbqXA60Tf0mqTRdytIbu12AUk1RQaQjHWvd9LzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQ5afO0YVVRiiKlS1pUK7+nsiw0HomQtspsJnoVW8h/uf1UxPdBBmTSWqoJMWiKOXIxGjxNxoxRYnhM0swUczeisgEK0yMTadiQ/BXX14nncu636hf3TeqzVqRBpThDM6hBj5cQxPuoAVtIDCGZ3iFN4c7L86781G0lpzlzCn8gfP5A8TUjhQ=</latexit>

1

<latexit sha1_base64="PbPcYleISwycSNYoSZbPlm3lH4Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbdqDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfm5iDrxFuSSr0MORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zQGbmwypCEsbIlDcnV3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLFojAVxMRk/jUZcoXMiKkllClubyVsTBVlxmZTsiF4qy+vk/ZlzbuqXTevKvXqIg0owhmcQxU8uIE63EMDWsAA4Rle4c15dF6cd+dj0VpwljOn8AfO5w/iE4zz</latexit>

�3

<latexit sha1_base64="51mrRkOC+rKmDJhE6KNqH3RZkW0=">AAAB6XicbVBNSwMxEJ3Ur1q/Vj16CRahF8uuVvRY8OKxiv2AdinZNNuGZrNLkhXK0n/gxYMiXv1H3vw3ptsetPXBwOO9GWbmBYng2rjuNyqsrW9sbhW3Szu7e/sHzuFRS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Hbmt5+Y0jyWj2aSMD8iQ8lDTomx0sP5Zd8pu1U3B14l3oKU6w7kaPSdr94gpmnEpKGCaN313MT4GVGGU8GmpV6qWULomAxZ11JJIqb9LL90is+sMsBhrGxJg3P190RGIq0nUWA7I2JGetmbif953dSEN37GZZIaJul8UZgKbGI8exsPuGLUiIklhCpub8V0RBShxoZTsiF4yy+vktZF1atVr+5r5XplngYU4QROoQIeXEMd7qABTaAQwjO8whsaoxf0jj7mrQW0mDmGP0CfP05vjSw=</latexit>

�1

<latexit sha1_base64="YQ+qwYhb+kJvhj4UkmMei+FPM2U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL0YkmkoseCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jNu1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKDxdev1R2q24Oskq8BSnXS5Cj0S999QYxSyOukElqTNdzE/QzqlEwyafFXmp4QtmYDnnXUkUjbvwsv3RKzq0yIGGsbSkkufp7IqORMZMosJ0RxZFZ9mbif143xfDGz4RKUuSKzReFqSQYk9nbZCA0ZygnllCmhb2VsBHVlKENp2hD8JZfXiWty6pXq17d18r1yjwNKMApnEEFPLiGOtxBA5rAIIRneIU3Z+y8OO/Ox7x1zVnMnMAfOJ8/S2eNKg==</latexit>

�2

<latexit sha1_base64="qmJeSEohtLtU91l2P10MZi8+7/Y=">AAAB6XicbVBNSwMxEJ2tX7V+rXr0EixCL5bdUtFjwYvHKvYD2qVk02wbmmSXJCuUpf/AiwdFvPqPvPlvTLc9aOuDgcd7M8zMCxPOtPG8b6ewsbm1vVPcLe3tHxweuccnbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbCye3c7zxRpVksH800oYHAI8kiRrCx0sNlbeCWvaqXA60Tf0nKDRdyNAfuV38Yk1RQaQjHWvd8LzFBhpVhhNNZqZ9qmmAywSPas1RiQXWQ5ZfO0IVVhiiKlS1pUK7+nsiw0HoqQtspsBnrVW8u/uf1UhPdBBmTSWqoJItFUcqRidH8bTRkihLDp5Zgopi9FZExVpgYG07JhuCvvrxO2rWqX69e3dfLjcoiDSjCGZxDBXy4hgbcQRNaQCCCZ3iFN2fivDjvzseiteAsZ07hD5zPH0zrjSs=</latexit>

0

<latexit sha1_base64="L13mzCCy0onVObSctpxGwsCr9uo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbdqDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfm5iDrxFuSSr0MORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zQGbmwypCEsbIlDcnV3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLFojAVxMRk/jUZcoXMiKkllClubyVsTBVlxmZTsiF4qy+vk/ZlzbuqXTevKvXqIg0owhmcQxU8uIE63EMDWsAA4Rle4c15dF6cd+dj0VpwljOn8AfO5w/gj4zy</latexit>

1/3

<latexit sha1_base64="2okadtZDKoxSkj4cpBy6lQHesdw=">AAAB6nicbVBNSwMxEJ3Ur1q/Vj16CRahp7qrFT0WvHisaD+gXUo2zbah2eySZIWy9Cd48aCIV3+RN/+N6bYHbX0w8Hhvhpl5QSK4Nq77jQpr6xubW8Xt0s7u3v6Bc3jU0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvp357SemNI/lo5kkzI/IUPKQU2Ks9OCdX/adslt1c+BV4i1Iue5Ajkbf+eoNYppGTBoqiNZdz02MnxFlOBVsWuqlmiWEjsmQdS2VJGLaz/JTp/jMKgMcxsqWNDhXf09kJNJ6EgW2MyJmpJe9mfif101NeONnXCapYZLOF4WpwCbGs7/xgCtGjZhYQqji9lZMR0QRamw6JRuCt/zyKmldVL1a9eq+Vq5X5mlAEU7gFCrgwTXU4Q4a0AQKQ3iGV3hDAr2gd/Qxby2gxcwx/AH6/AHBBY1p</latexit>

1

<latexit sha1_base64="PbPcYleISwycSNYoSZbPlm3lH4Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbdqDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfm5iDrxFuSSr0MORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zQGbmwypCEsbIlDcnV3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLFojAVxMRk/jUZcoXMiKkllClubyVsTBVlxmZTsiF4qy+vk/ZlzbuqXTevKvXqIg0owhmcQxU8uIE63EMDWsAA4Rle4c15dF6cd+dj0VpwljOn8AfO5w/iE4zz</latexit>

1

<latexit sha1_base64="PbPcYleISwycSNYoSZbPlm3lH4Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbdqDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfm5iDrxFuSSr0MORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zQGbmwypCEsbIlDcnV3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLFojAVxMRk/jUZcoXMiKkllClubyVsTBVlxmZTsiF4qy+vk/ZlzbuqXTevKvXqIg0owhmcQxU8uIE63EMDWsAA4Rle4c15dF6cd+dj0VpwljOn8AfO5w/iE4zz</latexit>

2

<latexit sha1_base64="QoX/SidhcDzib1v0B8dyH5YEpL0=">AAAB6HicbVDLSgNBEOyNrxhfqx69DAYhp7AbInoMePGYgHlAsoTZSW8yZvbBzKwQlnyBFw+KePWTvPk3TjY5aGJBQ1HVTXeXnwiutON8W4Wt7Z3dveJ+6eDw6PjEPj3rqDiVDNssFrHs+VSh4BG2NdcCe4lEGvoCu/70buF3n1AqHkcPepagF9JxxAPOqDZSqza0y07VyUE2ibsi5YYNOZpD+2swilkaYqSZoEr1XSfRXkal5kzgvDRIFSaUTekY+4ZGNETlZfmhc3JllBEJYmkq0iRXf09kNFRqFvqmM6R6ota9hfif1091cOtlPEpSjRFbLgpSQXRMFl+TEZfItJgZQpnk5lbCJlRSpk02JROCu/7yJunUqm69et2qlxuVZRpQhAu4hAq4cAMNuIcmtIEBwjO8wpv1aL1Y79bHsrVgrWbO4Q+szx/jl4z0</latexit>

3

<latexit sha1_base64="ebqjyPU/GQhXj664JRaBGhmSByw=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69BIvQU0m0oseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbdqDtj4YeLw3w8y8IOFMadf9tgobm1vbO8Xd0t7+weGRfXzSVnEqKbZozGPZDYhCzgS2NNMcu4lEEgUcO8Hkbu53nlAqFosHPU3Qj8hIsJBRoo3UvBrYZbfq5nDWibck5boNORoD+6s/jGkaodCUE6V6nptoPyNSM8pxVuqnChNCJ2SEPUMFiVD5WX7ozLkwytAJY2lKaCdXf09kJFJqGgWmMyJ6rFa9ufif10t1eOtnTCSpRkEXi8KUOzp25l87QyaRaj41hFDJzK0OHRNJqDbZlEwI3urL66R9WfVq1etmrVyvLNKAIpzBOVTAgxuowz00oAUUEJ7hFd6sR+vFerc+Fq0FazlzCn9gff4A5RuM9Q==</latexit>

1

<latexit sha1_base64="PbPcYleISwycSNYoSZbPlm3lH4Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbdqDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfm5iDrxFuSSr0MORqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zQGbmwypCEsbIlDcnV3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLFojAVxMRk/jUZcoXMiKkllClubyVsTBVlxmZTsiF4qy+vk/ZlzbuqXTevKvXqIg0owhmcQxU8uIE63EMDWsAA4Rle4c15dF6cd+dj0VpwljOn8AfO5w/iE4zz</latexit>

2

<latexit sha1_base64="QoX/SidhcDzib1v0B8dyH5YEpL0=">AAAB6HicbVDLSgNBEOyNrxhfqx69DAYhp7AbInoMePGYgHlAsoTZSW8yZvbBzKwQlnyBFw+KePWTvPk3TjY5aGJBQ1HVTXeXnwiutON8W4Wt7Z3dveJ+6eDw6PjEPj3rqDiVDNssFrHs+VSh4BG2NdcCe4lEGvoCu/70buF3n1AqHkcPepagF9JxxAPOqDZSqza0y07VyUE2ibsi5YYNOZpD+2swilkaYqSZoEr1XSfRXkal5kzgvDRIFSaUTekY+4ZGNETlZfmhc3JllBEJYmkq0iRXf09kNFRqFvqmM6R6ota9hfif1091cOtlPEpSjRFbLgpSQXRMFl+TEZfItJgZQpnk5lbCJlRSpk02JROCu/7yJunUqm69et2qlxuVZRpQhAu4hAq4cAMNuIcmtIEBwjO8wpv1aL1Y79bHsrVgrWbO4Q+szx/jl4z0</latexit>

3

<latexit sha1_base64="ebqjyPU/GQhXj664JRaBGhmSByw=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69BIvQU0m0oseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbdqDtj4YeLw3w8y8IOFMadf9tgobm1vbO8Xd0t7+weGRfXzSVnEqKbZozGPZDYhCzgS2NNMcu4lEEgUcO8Hkbu53nlAqFosHPU3Qj8hIsJBRoo3UvBrYZbfq5nDWibck5boNORoD+6s/jGkaodCUE6V6nptoPyNSM8pxVuqnChNCJ2SEPUMFiVD5WX7ozLkwytAJY2lKaCdXf09kJFJqGgWmMyJ6rFa9ufif10t1eOtnTCSpRkEXi8KUOzp25l87QyaRaj41hFDJzK0OHRNJqDbZlEwI3urL66R9WfVq1etmrVyvLNKAIpzBOVTAgxuowz00oAUUEJ7hFd6sR+vFerc+Fq0FazlzCn9gff4A5RuM9Q==</latexit>
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Application 1: Signal Reconstruction

Given: K noisy samples yi = si + zi, i ∈ S

Goal: reconstruct bandpass signal s of length N = 128

Laplacian regression: sopt = argmins s
TLs+ ν

∑
i∈S(yi − si)2

Signed/unsigned graph learned from M examples x̃m = sm + zm (p = 2)

true signal signed graph reconstruction

unsigned graph reconstructionnoisy samples

7



Reconstruction Performance

Reconstruction MSE obtained via 1000 Monte Carlo trials

K/N
<latexit sha1_base64="mKAsRozLEj+0RLpcmxy1lVBBhss=">AAAB6XicbVBNS8NAEJ34WetX1KOXxSJ4qokIKngoeBEEqWhsoQ1ls920S3c3YXcjlNCf4MWDilf/kTf/jdu0B219MPB4b4aZeVHKmTae9+0sLC4tr6yW1srrG5tb2+7O7qNOMkVoQBKeqGaENeVM0sAww2kzVRSLiNNGNLga+40nqjRL5IMZpjQUuCdZzAg2Vrq/Ob7tuBWv6hVA88SfkkrNhQL1jvvV7iYkE1QawrHWLd9LTZhjZRjhdFRuZ5qmmAxwj7YslVhQHebFqSN0aJUuihNlSxpUqL8nciy0HorIdgps+nrWG4v/ea3MxOdhzmSaGSrJZFGccWQSNP4bdZmixPChJZgoZm9FpI8VJsamU7Yh+LMvz5PgpHpR9e9OK7XLSRhQgn04gCPw4QxqcA11CIBAD57hFd4c7rw4787HpHXBmc7swR84nz+CvY1+</latexit><latexit sha1_base64="mKAsRozLEj+0RLpcmxy1lVBBhss=">AAAB6XicbVBNS8NAEJ34WetX1KOXxSJ4qokIKngoeBEEqWhsoQ1ls920S3c3YXcjlNCf4MWDilf/kTf/jdu0B219MPB4b4aZeVHKmTae9+0sLC4tr6yW1srrG5tb2+7O7qNOMkVoQBKeqGaENeVM0sAww2kzVRSLiNNGNLga+40nqjRL5IMZpjQUuCdZzAg2Vrq/Ob7tuBWv6hVA88SfkkrNhQL1jvvV7iYkE1QawrHWLd9LTZhjZRjhdFRuZ5qmmAxwj7YslVhQHebFqSN0aJUuihNlSxpUqL8nciy0HorIdgps+nrWG4v/ea3MxOdhzmSaGSrJZFGccWQSNP4bdZmixPChJZgoZm9FpI8VJsamU7Yh+LMvz5PgpHpR9e9OK7XLSRhQgn04gCPw4QxqcA11CIBAD57hFd4c7rw4787HpHXBmc7swR84nz+CvY1+</latexit><latexit sha1_base64="mKAsRozLEj+0RLpcmxy1lVBBhss=">AAAB6XicbVBNS8NAEJ34WetX1KOXxSJ4qokIKngoeBEEqWhsoQ1ls920S3c3YXcjlNCf4MWDilf/kTf/jdu0B219MPB4b4aZeVHKmTae9+0sLC4tr6yW1srrG5tb2+7O7qNOMkVoQBKeqGaENeVM0sAww2kzVRSLiNNGNLga+40nqjRL5IMZpjQUuCdZzAg2Vrq/Ob7tuBWv6hVA88SfkkrNhQL1jvvV7iYkE1QawrHWLd9LTZhjZRjhdFRuZ5qmmAxwj7YslVhQHebFqSN0aJUuihNlSxpUqL8nciy0HorIdgps+nrWG4v/ea3MxOdhzmSaGSrJZFGccWQSNP4bdZmixPChJZgoZm9FpI8VJsamU7Yh+LMvz5PgpHpR9e9OK7XLSRhQgn04gCPw4QxqcA11CIBAD57hFd4c7rw4787HpHXBmc7swR84nz+CvY1+</latexit><latexit sha1_base64="XFn4uOkjK+9TQJ0dQV4gHwsirmU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4qokIKngoeBEEqWhsoQ1ls922SzebsDsRSuhP8OJBxav/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjsLi0vLK6uFteL6xubWdmln99HEqWbcZ7GMdSOkhkuhuI8CJW8kmtMolLweDq7Gfv2JayNi9YDDhAcR7SnRFYyile5vjm/bpbJbcScg88TLSRly1Nqlr1YnZmnEFTJJjWl6boJBRjUKJvmo2EoNTygb0B5vWqpoxE2QTU4dkUOrdEg31rYUkon6eyKjkTHDKLSdEcW+mfXG4n9eM8XueZAJlaTIFZsu6qaSYEzGf5OO0JyhHFpCmRb2VsL6VFOGNp2iDcGbfXme+CeVi4p3d1quXuZpFGAfDuAIPDiDKlxDDXxg0INneIU3RzovzrvzMW1dcPKZPfgD5/MHFl2NLg==</latexit>

M
<latexit sha1_base64="qxwRi6uaM0sshqswXymlrrRi6Ww=">AAAB53icbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOCh4MWL0IKxhTaUzXbSrt1swu5GKKG/wIsHFa/+JW/+G7dpD9r6YODx3gwz88KUM6Vd99sqrayurW+UNytb2zu7e/b+wYNKMknRpwlPZDskCjkT6GumObZTiSQOObbC0c3Ubz2hVCwR93qcYhCTgWARo0QbqXnXs6tuzS3gLBNvTqp1Gwo0evZXt5/QLEahKSdKdTw31UFOpGaU46TSzRSmhI7IADuGChKjCvLi0IlzYpS+EyXSlNBOof6eyEms1DgOTWdM9FAtelPxP6+T6egyyJlIM42CzhZFGXd04ky/dvpMItV8bAihkplbHTokklBtsqmYELzFl5eJf1a7qnnN82r9ehYGlOEIjuEUPLiAOtxCA3yggPAMr/BmPVov1rv1MWstWfOZQ/gD6/MHfjCM7w==</latexit><latexit sha1_base64="qxwRi6uaM0sshqswXymlrrRi6Ww=">AAAB53icbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOCh4MWL0IKxhTaUzXbSrt1swu5GKKG/wIsHFa/+JW/+G7dpD9r6YODx3gwz88KUM6Vd99sqrayurW+UNytb2zu7e/b+wYNKMknRpwlPZDskCjkT6GumObZTiSQOObbC0c3Ubz2hVCwR93qcYhCTgWARo0QbqXnXs6tuzS3gLBNvTqp1Gwo0evZXt5/QLEahKSdKdTw31UFOpGaU46TSzRSmhI7IADuGChKjCvLi0IlzYpS+EyXSlNBOof6eyEms1DgOTWdM9FAtelPxP6+T6egyyJlIM42CzhZFGXd04ky/dvpMItV8bAihkplbHTokklBtsqmYELzFl5eJf1a7qnnN82r9ehYGlOEIjuEUPLiAOtxCA3yggPAMr/BmPVov1rv1MWstWfOZQ/gD6/MHfjCM7w==</latexit><latexit sha1_base64="qxwRi6uaM0sshqswXymlrrRi6Ww=">AAAB53icbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOCh4MWL0IKxhTaUzXbSrt1swu5GKKG/wIsHFa/+JW/+G7dpD9r6YODx3gwz88KUM6Vd99sqrayurW+UNytb2zu7e/b+wYNKMknRpwlPZDskCjkT6GumObZTiSQOObbC0c3Ubz2hVCwR93qcYhCTgWARo0QbqXnXs6tuzS3gLBNvTqp1Gwo0evZXt5/QLEahKSdKdTw31UFOpGaU46TSzRSmhI7IADuGChKjCvLi0IlzYpS+EyXSlNBOof6eyEms1DgOTWdM9FAtelPxP6+T6egyyJlIM42CzhZFGXd04ky/dvpMItV8bAihkplbHTokklBtsqmYELzFl5eJf1a7qnnN82r9ehYGlOEIjuEUPLiAOtxCA3yggPAMr/BmPVov1rv1MWstWfOZQ/gD6/MHfjCM7w==</latexit><latexit sha1_base64="Sr54h08Hn3bpZJGXzBPf88UI5Ks=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYsXoQVjC20om+20XbvZhN2NUEJ/gRcPKl79S978N27bHLT1wcDjvRlm5oWJ4Nq47rdTWFldW98obpa2tnd298r7Bw86ThVDn8UiVq2QahRcom+4EdhKFNIoFNgMRzdTv/mESvNY3ptxgkFEB5L3OaPGSo27brniVt0ZyDLxclKBHPVu+avTi1kaoTRMUK3bnpuYIKPKcCZwUuqkGhPKRnSAbUsljVAH2ezQCTmxSo/0Y2VLGjJTf09kNNJ6HIW2M6JmqBe9qfif105N/zLIuExSg5LNF/VTQUxMpl+THlfIjBhbQpni9lbChlRRZmw2JRuCt/jyMvHPqldVr3FeqV3naRThCI7hFDy4gBrcQh18YIDwDK/w5jw6L8678zFvLTj5zCH8gfP5AxHQjJ8=</latexit>
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]
<latexit sha1_base64="l3Lj1aawYl3rL7HWxOypZiIohek=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgQUoiggoeiiJ4ESoaW0hD2Wy37dLNB7uTYgn9J148qHj1p3jz37hNe9DWBwOP92aYmRckgiu07W+jsLC4tLxSXC2trW9sbpnbO48qTiVlLo1FLBsBUUzwiLnIUbBGIhkJA8HqQf9q7NcHTCoeRw84TJgfkm7EO5wS1FLLNJvInjC7vb9uHnntS3/UMst2xc5hzRNnSspVE3LUWuZXsx3TNGQRUkGU8hw7QT8jEjkVbFRqpoolhPZJl3maRiRkys/yy0fWgVbaVieWuiK0cvX3REZCpYZhoDtDgj01643F/zwvxc6Zn/EoSZFFdLKokwoLY2scg9XmklEUQ00IlVzfatEekYSiDqukQ3BmX54n7nHlvOLcnZSrF5MwoAh7sA+H4MApVOEGauAChQE8wyu8GZnxYrwbH5PWgjGd2YU/MD5/AMHik00=</latexit><latexit sha1_base64="l3Lj1aawYl3rL7HWxOypZiIohek=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgQUoiggoeiiJ4ESoaW0hD2Wy37dLNB7uTYgn9J148qHj1p3jz37hNe9DWBwOP92aYmRckgiu07W+jsLC4tLxSXC2trW9sbpnbO48qTiVlLo1FLBsBUUzwiLnIUbBGIhkJA8HqQf9q7NcHTCoeRw84TJgfkm7EO5wS1FLLNJvInjC7vb9uHnntS3/UMst2xc5hzRNnSspVE3LUWuZXsx3TNGQRUkGU8hw7QT8jEjkVbFRqpoolhPZJl3maRiRkys/yy0fWgVbaVieWuiK0cvX3REZCpYZhoDtDgj01643F/zwvxc6Zn/EoSZFFdLKokwoLY2scg9XmklEUQ00IlVzfatEekYSiDqukQ3BmX54n7nHlvOLcnZSrF5MwoAh7sA+H4MApVOEGauAChQE8wyu8GZnxYrwbH5PWgjGd2YU/MD5/AMHik00=</latexit><latexit sha1_base64="l3Lj1aawYl3rL7HWxOypZiIohek=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgQUoiggoeiiJ4ESoaW0hD2Wy37dLNB7uTYgn9J148qHj1p3jz37hNe9DWBwOP92aYmRckgiu07W+jsLC4tLxSXC2trW9sbpnbO48qTiVlLo1FLBsBUUzwiLnIUbBGIhkJA8HqQf9q7NcHTCoeRw84TJgfkm7EO5wS1FLLNJvInjC7vb9uHnntS3/UMst2xc5hzRNnSspVE3LUWuZXsx3TNGQRUkGU8hw7QT8jEjkVbFRqpoolhPZJl3maRiRkys/yy0fWgVbaVieWuiK0cvX3REZCpYZhoDtDgj01643F/zwvxc6Zn/EoSZFFdLKokwoLY2scg9XmklEUQ00IlVzfatEekYSiDqukQ3BmX54n7nHlvOLcnZSrF5MwoAh7sA+H4MApVOEGauAChQE8wyu8GZnxYrwbH5PWgjGd2YU/MD5/AMHik00=</latexit><latexit sha1_base64="O6uzxo5GLlkZZbKxGA0IWdSjnKQ=">AAAB+HicbVDLSsNAFJ3UV62vqEs3g0VwISURQQUXRRHcCBWNLSShTCaTdujkwcxNsYT+iRsXKm79FHf+jdPHQlsPXDiccy/33hNkgiuwrG+jtLC4tLxSXq2srW9sbpnbO48qzSVlDk1FKlsBUUzwhDnAQbBWJhmJA8GaQe9q5Df7TCqeJg8wyJgfk07CI04JaKltmh6wJyhu76+9Ize89Idts2rVrDHwPLGnpIqmaLTNLy9MaR6zBKggSrm2lYFfEAmcCjaseLliGaE90mGupgmJmfKL8eVDfKCVEEep1JUAHqu/JwoSKzWIA90ZE+iqWW8k/ue5OURnfsGTLAeW0MmiKBcYUjyKAYdcMgpioAmhkutbMe0SSSjosCo6BHv25XniHNfOa/bdSbV+MU2jjPbQPjpENjpFdXSDGshBFPXRM3pFb0ZhvBjvxsektWRMZ3bRHxifP1WCkv0=</latexit>
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<latexit sha1_base64="l3Lj1aawYl3rL7HWxOypZiIohek=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgQUoiggoeiiJ4ESoaW0hD2Wy37dLNB7uTYgn9J148qHj1p3jz37hNe9DWBwOP92aYmRckgiu07W+jsLC4tLxSXC2trW9sbpnbO48qTiVlLo1FLBsBUUzwiLnIUbBGIhkJA8HqQf9q7NcHTCoeRw84TJgfkm7EO5wS1FLLNJvInjC7vb9uHnntS3/UMst2xc5hzRNnSspVE3LUWuZXsx3TNGQRUkGU8hw7QT8jEjkVbFRqpoolhPZJl3maRiRkys/yy0fWgVbaVieWuiK0cvX3REZCpYZhoDtDgj01643F/zwvxc6Zn/EoSZFFdLKokwoLY2scg9XmklEUQ00IlVzfatEekYSiDqukQ3BmX54n7nHlvOLcnZSrF5MwoAh7sA+H4MApVOEGauAChQE8wyu8GZnxYrwbH5PWgjGd2YU/MD5/AMHik00=</latexit><latexit sha1_base64="l3Lj1aawYl3rL7HWxOypZiIohek=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgQUoiggoeiiJ4ESoaW0hD2Wy37dLNB7uTYgn9J148qHj1p3jz37hNe9DWBwOP92aYmRckgiu07W+jsLC4tLxSXC2trW9sbpnbO48qTiVlLo1FLBsBUUzwiLnIUbBGIhkJA8HqQf9q7NcHTCoeRw84TJgfkm7EO5wS1FLLNJvInjC7vb9uHnntS3/UMst2xc5hzRNnSspVE3LUWuZXsx3TNGQRUkGU8hw7QT8jEjkVbFRqpoolhPZJl3maRiRkys/yy0fWgVbaVieWuiK0cvX3REZCpYZhoDtDgj01643F/zwvxc6Zn/EoSZFFdLKokwoLY2scg9XmklEUQ00IlVzfatEekYSiDqukQ3BmX54n7nHlvOLcnZSrF5MwoAh7sA+H4MApVOEGauAChQE8wyu8GZnxYrwbH5PWgjGd2YU/MD5/AMHik00=</latexit><latexit sha1_base64="l3Lj1aawYl3rL7HWxOypZiIohek=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69BIvgQUoiggoeiiJ4ESoaW0hD2Wy37dLNB7uTYgn9J148qHj1p3jz37hNe9DWBwOP92aYmRckgiu07W+jsLC4tLxSXC2trW9sbpnbO48qTiVlLo1FLBsBUUzwiLnIUbBGIhkJA8HqQf9q7NcHTCoeRw84TJgfkm7EO5wS1FLLNJvInjC7vb9uHnntS3/UMst2xc5hzRNnSspVE3LUWuZXsx3TNGQRUkGU8hw7QT8jEjkVbFRqpoolhPZJl3maRiRkys/yy0fWgVbaVieWuiK0cvX3REZCpYZhoDtDgj01643F/zwvxc6Zn/EoSZFFdLKokwoLY2scg9XmklEUQ00IlVzfatEekYSiDqukQ3BmX54n7nHlvOLcnZSrF5MwoAh7sA+H4MApVOEGauAChQE8wyu8GZnxYrwbH5PWgjGd2YU/MD5/AMHik00=</latexit><latexit sha1_base64="O6uzxo5GLlkZZbKxGA0IWdSjnKQ=">AAAB+HicbVDLSsNAFJ3UV62vqEs3g0VwISURQQUXRRHcCBWNLSShTCaTdujkwcxNsYT+iRsXKm79FHf+jdPHQlsPXDiccy/33hNkgiuwrG+jtLC4tLxSXq2srW9sbpnbO48qzSVlDk1FKlsBUUzwhDnAQbBWJhmJA8GaQe9q5Df7TCqeJg8wyJgfk07CI04JaKltmh6wJyhu76+9Ize89Idts2rVrDHwPLGnpIqmaLTNLy9MaR6zBKggSrm2lYFfEAmcCjaseLliGaE90mGupgmJmfKL8eVDfKCVEEep1JUAHqu/JwoSKzWIA90ZE+iqWW8k/ue5OURnfsGTLAeW0MmiKBcYUjyKAYdcMgpioAmhkutbMe0SSSjosCo6BHv25XniHNfOa/bdSbV+MU2jjPbQPjpENjpFdXSDGshBFPXRM3pFb0ZhvBjvxsektWRMZ3bRHxifP1WCkv0=</latexit>

32dB

unsigned

signed

unsigned

signed

M = 128 SNR = 32dB

• signed outperforms unsigned by typically 7 dB

• unsigned requires twice as many samples as signed
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Application 2: Clustering

Given: N = 1000 points xi of the two-moon model (M = 2)

Goal: Find cluster labels {−1, 1}N

Total variation clustering: yopt = argmin
y∈[−1,1]N

‖y‖TV

Signed/unsigned graph learned from xi with p = 1

signed clustering unsigned clustering
9



Clustering Performance

Misclassification rate E obtained from 100 Monte Carlo runs

C
C

D
F

<latexit sha1_base64="IsMn1IN8rkRpkwcGyty9L9RftBA=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOChUBGPFYwtpKFsttt26WYTdidiCf0ZXjyoePXfePPfuE170OqDgcd7M8zMi1LBNbrul1VaWl5ZXSuvVzY2t7Z37N29e51kijKfJiJR7YhoJrhkPnIUrJ0qRuJIsFY0akz91gNTmifyDscpC2MykLzPKUEjBR1kj5g3GlfXk65ddWtuAecv8eakWrehQLNrf3Z6Cc1iJpEKonXguSmGOVHIqWCTSifTLCV0RAYsMFSSmOkwL06eOEdG6Tn9RJmS6BTqz4mcxFqP48h0xgSHetGbiv95QYb98zDnMs2QSTpb1M+Eg4kz/d/pccUoirEhhCpubnXokChC0aRUMSF4iy//Jf5J7aLm3Z5W65ezMKAMB3AIx+DBGdThBprgA4UEnuAFXi20nq03633WWrLmM/vwC9bHN9tDkS8=</latexit><latexit sha1_base64="IsMn1IN8rkRpkwcGyty9L9RftBA=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOChUBGPFYwtpKFsttt26WYTdidiCf0ZXjyoePXfePPfuE170OqDgcd7M8zMi1LBNbrul1VaWl5ZXSuvVzY2t7Z37N29e51kijKfJiJR7YhoJrhkPnIUrJ0qRuJIsFY0akz91gNTmifyDscpC2MykLzPKUEjBR1kj5g3GlfXk65ddWtuAecv8eakWrehQLNrf3Z6Cc1iJpEKonXguSmGOVHIqWCTSifTLCV0RAYsMFSSmOkwL06eOEdG6Tn9RJmS6BTqz4mcxFqP48h0xgSHetGbiv95QYb98zDnMs2QSTpb1M+Eg4kz/d/pccUoirEhhCpubnXokChC0aRUMSF4iy//Jf5J7aLm3Z5W65ezMKAMB3AIx+DBGdThBprgA4UEnuAFXi20nq03633WWrLmM/vwC9bHN9tDkS8=</latexit><latexit sha1_base64="IsMn1IN8rkRpkwcGyty9L9RftBA=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOChUBGPFYwtpKFsttt26WYTdidiCf0ZXjyoePXfePPfuE170OqDgcd7M8zMi1LBNbrul1VaWl5ZXSuvVzY2t7Z37N29e51kijKfJiJR7YhoJrhkPnIUrJ0qRuJIsFY0akz91gNTmifyDscpC2MykLzPKUEjBR1kj5g3GlfXk65ddWtuAecv8eakWrehQLNrf3Z6Cc1iJpEKonXguSmGOVHIqWCTSifTLCV0RAYsMFSSmOkwL06eOEdG6Tn9RJmS6BTqz4mcxFqP48h0xgSHetGbiv95QYb98zDnMs2QSTpb1M+Eg4kz/d/pccUoirEhhCpubnXokChC0aRUMSF4iy//Jf5J7aLm3Z5W65ezMKAMB3AIx+DBGdThBprgA4UEnuAFXi20nq03633WWrLmM/vwC9bHN9tDkS8=</latexit><latexit sha1_base64="C+nuUKoNv2/jrsd3HtD6oYN8y64=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUMFDoSIeKxhbSEPZbDft0s1u2J2IJfRnePGg4tV/481/47bNQasPBh7vzTAzL0oFN+C6X05paXllda28XtnY3Nreqe7u3RuVacp8qoTSnYgYJrhkPnAQrJNqRpJIsHY0ak799gPThit5B+OUhQkZSB5zSsBKQRfYI+TN5tX1pFetuXV3BvyXeAWpoQKtXvWz21c0S5gEKogxgeemEOZEA6eCTSrdzLCU0BEZsMBSSRJmwnx28gQfWaWPY6VtScAz9edEThJjxklkOxMCQ7PoTcX/vCCD+DzMuUwzYJLOF8WZwKDw9H/c55pREGNLCNXc3orpkGhCwaZUsSF4iy//Jf5J/aLu3Z7WGpdFGmV0gA7RMfLQGWqgG9RCPqJIoSf0gl4dcJ6dN+d93lpyipl99AvOxzdu45Df</latexit>

E
<latexit sha1_base64="thpJj2epRdU/skSqRlr+fu5D2lA=">AAAB53icbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOChIILHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuE170NYHA4/3ZpiZF6acKe2631ZpZXVtfaO8Wdna3tnds/cPHlSSSYo+TXgi2yFRyJlAXzPNsZ1KJHHIsRWObqZ+6wmlYom41+MUg5gMBIsYJdpIzdueXXVrbgFnmXhzUq3bUKDRs7+6/YRmMQpNOVGq47mpDnIiNaMcJ5VupjAldEQG2DFUkBhVkBeHTpwTo/SdKJGmhHYK9fdETmKlxnFoOmOih2rRm4r/eZ1MR5dBzkSaaRR0tijKuKMTZ/q102cSqeZjQwiVzNzq0CGRhGqTTcWE4C2+vEz8s9pVzWueV+vXszCgDEdwDKfgwQXU4Q4a4AMFhGd4hTfr0Xqx3q2PWWvJms8cwh9Ynz9yGIzn</latexit><latexit sha1_base64="thpJj2epRdU/skSqRlr+fu5D2lA=">AAAB53icbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOChIILHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuE170NYHA4/3ZpiZF6acKe2631ZpZXVtfaO8Wdna3tnds/cPHlSSSYo+TXgi2yFRyJlAXzPNsZ1KJHHIsRWObqZ+6wmlYom41+MUg5gMBIsYJdpIzdueXXVrbgFnmXhzUq3bUKDRs7+6/YRmMQpNOVGq47mpDnIiNaMcJ5VupjAldEQG2DFUkBhVkBeHTpwTo/SdKJGmhHYK9fdETmKlxnFoOmOih2rRm4r/eZ1MR5dBzkSaaRR0tijKuKMTZ/q102cSqeZjQwiVzNzq0CGRhGqTTcWE4C2+vEz8s9pVzWueV+vXszCgDEdwDKfgwQXU4Q4a4AMFhGd4hTfr0Xqx3q2PWWvJms8cwh9Ynz9yGIzn</latexit><latexit sha1_base64="thpJj2epRdU/skSqRlr+fu5D2lA=">AAAB53icbVBNS8NAEJ3Ur1q/oh69BIvgqSQiqOChIILHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuE170NYHA4/3ZpiZF6acKe2631ZpZXVtfaO8Wdna3tnds/cPHlSSSYo+TXgi2yFRyJlAXzPNsZ1KJHHIsRWObqZ+6wmlYom41+MUg5gMBIsYJdpIzdueXXVrbgFnmXhzUq3bUKDRs7+6/YRmMQpNOVGq47mpDnIiNaMcJ5VupjAldEQG2DFUkBhVkBeHTpwTo/SdKJGmhHYK9fdETmKlxnFoOmOih2rRm4r/eZ1MR5dBzkSaaRR0tijKuKMTZ/q102cSqeZjQwiVzNzq0CGRhGqTTcWE4C2+vEz8s9pVzWueV+vXszCgDEdwDKfgwQXU4Q4a4AMFhGd4hTfr0Xqx3q2PWWvJms8cwh9Ynz9yGIzn</latexit><latexit sha1_base64="9vPHTq07/UdVt12dIkjYrWCnRys=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDQQSPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWatx2yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TpPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8fBbiMlw==</latexit>

• signed clustering: average E = 6.42± 3.01, worst-case E = 16

• unsigned clustering: average E = 22.64± 74.92, worst-case E = 500

• kNN clustering: average E = 93.75± 133.4, worst-case E = 500
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Conclusion

• Signed graphs offer increased modeling flexibility

• Proposed learning strategy for signed graphs

− based on notions of (dis)similarity and smoothness
− non-convex problem, can be reduced to unsigned learning
− efficient implementation

• Application examples

− signal sampling and reconstruction
− data clustering

• at same graph sparsity, signed outperforms unsigned

• Future work: distinct penalty and constraints for +/− edges
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THANKS FOR WATCHING!

Get in touch with me!

Email: gerald.matz@tuwien.ac.at

Skype: gerald matz
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