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MOTIVATING EXAMPLE



What can you say from this 
network?



MOTIVATING EXAMPLE



How about now?



THOUGHT EXPERIMENT

For each user i we specify embedding (location) yi

How do we find good locations y1, . . . ,yn?

What are good properties?



KEY PRINCIPLE

• Points are centered at 0 

• Keep your Friends close                                                   
(sum of distances between linked nodes should be 
small) 

• Variance or spread amongst the nodes should be 
large



KEY PRINCIPLE

• Points are centered at 0 

• Keep your Friends close                                                  


• Variance or spread should be large

y>1 = 0
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KEY PRINCIPLE

• Points are centered at 0


• Keep your Friends close                                                   

• Variance or spread should be large

y>1 = 0
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THE LAPLACIAN MATRIX
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KEY PRINCIPLE

• Points are centered at 0


• Keep your Friends close                                                   

• Variance or spread should be large

y>1 = 0
<latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="A9VEKPqpFCVkEGOhuoskEt9XWGk=">AAAB83icbVBNSwMxFHzrZ61VV8GTl2ARPJWsF70IghePFewHtGvJptk2NJssSVZYloJ/xYsHRfwv3vw3ZtsetHUgMMy8x5tMlApuLMbf3tr6xubWdmWnulvb2z/wD2ttozJNWYsqoXQ3IoYJLlnLcitYN9WMJJFgnWhyW/qdJ6YNV/LB5ikLEzKSPOaUWCcN/OP8sW9VivoJseMoLoIpukZ44NdxA8+AVkmwIHVYoDnwv/pDRbOESUsFMaYX4NSGBdGWU8Gm1X5mWErohIxYz1FJEmbCYhZ/is6cMkSx0u5Ji2bq742CJMbkSeQmy5Rm2SvF/7xeZuOrsOAyzSyTdH4ozgSyCpVdoCHXjFqRO0Ko5i4romOiCbWusaorIVj+8ippXzQC3AjuMVTgBE7hHAK4hBu4gya0gEIBL/AG796z9+p9zOta8xa9HcEfeJ8/gz+TXg==</latexit><latexit sha1_base64="l9n874KXkQ4fMACgQPVWTANe4R8=">AAAB83icdVDLSgMxFL1TX7VWrYIrN8EiuCpJF7ZdCIIblxXsA9qxZNJMG5p5kGSEYSj4K25cKOK/uPNvzLQVVPRA4HDOvdyT48VSaIPxh1NYW9/Y3Cpul3bKu3v7lYNyV0eJYrzDIhmpvkc1lyLkHSOM5P1YcRp4kve82VXu9+650iIKb00aczegk1D4glFjpVHlKL0bmihGw4CaqednZI4uEB5VqriGMSaEoJyQxjm2pNVq1kkTkdyyqMIK7VHlfTiOWBLw0DBJtR4QHBs3o8oIJvm8NEw0jymb0QkfWBrSgGs3W8Sfo1OrjJEfKftCgxbq942MBlqngWcn85T6t5eLf3mDxPhNNxNhnBgesuUhP5HIRCjvAo2F4szI1BLKlLBZEZtSRZmxjZVsCV8/Rf+Tbr1GcI3cYCjCMZzAGRBowCVcQxs6wCCDR3iGF+fBeXJel3UVnFVvh/ADztsnzeOTlA==</latexit><latexit sha1_base64="+HxQnCmMJLcMAIg2HrOYpaI/hRE=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgqiRd2HYhFN24rGAf0BlLJs20oZnMkGSEMhT8FTcuFHHrd7jzb8y0FVT0QOBwzr3ckxMkgmuD0IeztLyyurZe2Chubm3v7Lp7+20dp4qyFo1FrLoB0UxwyVqGG8G6iWIkCgTrBOPL3O/cMaV5LG/MJGF+RIaSh5wSY6W+ezi59UycQC8iZhSEGZ7Cc4j6bgmVEUIYY5gTXD1DltTrtQquQZxbFiWwQLPvvnuDmKYRk4YKonUPo8T4GVGGU8GmRS/VLCF0TIasZ6kkEdN+Nos/hSdWGcAwVvZJA2fq942MRFpPosBO5in1by8X//J6qQlrfsZlkhom6fxQmApoYph3AQdcMWrExBJCFbdZIR0RRaixjRVtCV8/hf+TdqWMURlfo1LjYlFHARyBY3AKMKiCBrgCTdACFGTgATyBZ+feeXRenNf56JKz2DkAP+C8fQI1b5T5</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit>



KEY PRINCIPLE

• Points are centered at 0


• Keep your Friends close                                                   

• Variance or spread should be large

y>1 = 0
<latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="A9VEKPqpFCVkEGOhuoskEt9XWGk=">AAAB83icbVBNSwMxFHzrZ61VV8GTl2ARPJWsF70IghePFewHtGvJptk2NJssSVZYloJ/xYsHRfwv3vw3ZtsetHUgMMy8x5tMlApuLMbf3tr6xubWdmWnulvb2z/wD2ttozJNWYsqoXQ3IoYJLlnLcitYN9WMJJFgnWhyW/qdJ6YNV/LB5ikLEzKSPOaUWCcN/OP8sW9VivoJseMoLoIpukZ44NdxA8+AVkmwIHVYoDnwv/pDRbOESUsFMaYX4NSGBdGWU8Gm1X5mWErohIxYz1FJEmbCYhZ/is6cMkSx0u5Ji2bq742CJMbkSeQmy5Rm2SvF/7xeZuOrsOAyzSyTdH4ozgSyCpVdoCHXjFqRO0Ko5i4romOiCbWusaorIVj+8ippXzQC3AjuMVTgBE7hHAK4hBu4gya0gEIBL/AG796z9+p9zOta8xa9HcEfeJ8/gz+TXg==</latexit><latexit sha1_base64="l9n874KXkQ4fMACgQPVWTANe4R8=">AAAB83icdVDLSgMxFL1TX7VWrYIrN8EiuCpJF7ZdCIIblxXsA9qxZNJMG5p5kGSEYSj4K25cKOK/uPNvzLQVVPRA4HDOvdyT48VSaIPxh1NYW9/Y3Cpul3bKu3v7lYNyV0eJYrzDIhmpvkc1lyLkHSOM5P1YcRp4kve82VXu9+650iIKb00aczegk1D4glFjpVHlKL0bmihGw4CaqednZI4uEB5VqriGMSaEoJyQxjm2pNVq1kkTkdyyqMIK7VHlfTiOWBLw0DBJtR4QHBs3o8oIJvm8NEw0jymb0QkfWBrSgGs3W8Sfo1OrjJEfKftCgxbq942MBlqngWcn85T6t5eLf3mDxPhNNxNhnBgesuUhP5HIRCjvAo2F4szI1BLKlLBZEZtSRZmxjZVsCV8/Rf+Tbr1GcI3cYCjCMZzAGRBowCVcQxs6wCCDR3iGF+fBeXJel3UVnFVvh/ADztsnzeOTlA==</latexit><latexit sha1_base64="+HxQnCmMJLcMAIg2HrOYpaI/hRE=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgqiRd2HYhFN24rGAf0BlLJs20oZnMkGSEMhT8FTcuFHHrd7jzb8y0FVT0QOBwzr3ckxMkgmuD0IeztLyyurZe2Chubm3v7Lp7+20dp4qyFo1FrLoB0UxwyVqGG8G6iWIkCgTrBOPL3O/cMaV5LG/MJGF+RIaSh5wSY6W+ezi59UycQC8iZhSEGZ7Cc4j6bgmVEUIYY5gTXD1DltTrtQquQZxbFiWwQLPvvnuDmKYRk4YKonUPo8T4GVGGU8GmRS/VLCF0TIasZ6kkEdN+Nos/hSdWGcAwVvZJA2fq942MRFpPosBO5in1by8X//J6qQlrfsZlkhom6fxQmApoYph3AQdcMWrExBJCFbdZIR0RRaixjRVtCV8/hf+TdqWMURlfo1LjYlFHARyBY3AKMKiCBrgCTdACFGTgATyBZ+feeXRenNf56JKz2DkAP+C8fQI1b5T5</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit>

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>



KEY PRINCIPLE

• Points are centered at 0


• Keep your Friends close                                                  


• Variance or spread should be large

y>1 = 0
<latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="A9VEKPqpFCVkEGOhuoskEt9XWGk=">AAAB83icbVBNSwMxFHzrZ61VV8GTl2ARPJWsF70IghePFewHtGvJptk2NJssSVZYloJ/xYsHRfwv3vw3ZtsetHUgMMy8x5tMlApuLMbf3tr6xubWdmWnulvb2z/wD2ttozJNWYsqoXQ3IoYJLlnLcitYN9WMJJFgnWhyW/qdJ6YNV/LB5ikLEzKSPOaUWCcN/OP8sW9VivoJseMoLoIpukZ44NdxA8+AVkmwIHVYoDnwv/pDRbOESUsFMaYX4NSGBdGWU8Gm1X5mWErohIxYz1FJEmbCYhZ/is6cMkSx0u5Ji2bq742CJMbkSeQmy5Rm2SvF/7xeZuOrsOAyzSyTdH4ozgSyCpVdoCHXjFqRO0Ko5i4romOiCbWusaorIVj+8ippXzQC3AjuMVTgBE7hHAK4hBu4gya0gEIBL/AG796z9+p9zOta8xa9HcEfeJ8/gz+TXg==</latexit><latexit sha1_base64="l9n874KXkQ4fMACgQPVWTANe4R8=">AAAB83icdVDLSgMxFL1TX7VWrYIrN8EiuCpJF7ZdCIIblxXsA9qxZNJMG5p5kGSEYSj4K25cKOK/uPNvzLQVVPRA4HDOvdyT48VSaIPxh1NYW9/Y3Cpul3bKu3v7lYNyV0eJYrzDIhmpvkc1lyLkHSOM5P1YcRp4kve82VXu9+650iIKb00aczegk1D4glFjpVHlKL0bmihGw4CaqednZI4uEB5VqriGMSaEoJyQxjm2pNVq1kkTkdyyqMIK7VHlfTiOWBLw0DBJtR4QHBs3o8oIJvm8NEw0jymb0QkfWBrSgGs3W8Sfo1OrjJEfKftCgxbq942MBlqngWcn85T6t5eLf3mDxPhNNxNhnBgesuUhP5HIRCjvAo2F4szI1BLKlLBZEZtSRZmxjZVsCV8/Rf+Tbr1GcI3cYCjCMZzAGRBowCVcQxs6wCCDR3iGF+fBeXJel3UVnFVvh/ADztsnzeOTlA==</latexit><latexit sha1_base64="+HxQnCmMJLcMAIg2HrOYpaI/hRE=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgqiRd2HYhFN24rGAf0BlLJs20oZnMkGSEMhT8FTcuFHHrd7jzb8y0FVT0QOBwzr3ckxMkgmuD0IeztLyyurZe2Chubm3v7Lp7+20dp4qyFo1FrLoB0UxwyVqGG8G6iWIkCgTrBOPL3O/cMaV5LG/MJGF+RIaSh5wSY6W+ezi59UycQC8iZhSEGZ7Cc4j6bgmVEUIYY5gTXD1DltTrtQquQZxbFiWwQLPvvnuDmKYRk4YKonUPo8T4GVGGU8GmRS/VLCF0TIasZ6kkEdN+Nos/hSdWGcAwVvZJA2fq942MRFpPosBO5in1by8X//J6qQlrfsZlkhom6fxQmApoYph3AQdcMWrExBJCFbdZIR0RRaixjRVtCV8/hf+TdqWMURlfo1LjYlFHARyBY3AKMKiCBrgCTdACFGTgATyBZ+feeXRenNf56JKz2DkAP+C8fQI1b5T5</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit>

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize
1

n
kyk22

<latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit>

Minimize
y>Ly

kyk22
s.t. y ? 1

Minimize y>Ly s.t. kyk22 = 1 y ? 1
<latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit>



KEY PRINCIPLE

• Points are centered at 0


• Keep your Friends close                                                  


• Variance or spread should be large

y>1 = 0
<latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="A9VEKPqpFCVkEGOhuoskEt9XWGk=">AAAB83icbVBNSwMxFHzrZ61VV8GTl2ARPJWsF70IghePFewHtGvJptk2NJssSVZYloJ/xYsHRfwv3vw3ZtsetHUgMMy8x5tMlApuLMbf3tr6xubWdmWnulvb2z/wD2ttozJNWYsqoXQ3IoYJLlnLcitYN9WMJJFgnWhyW/qdJ6YNV/LB5ikLEzKSPOaUWCcN/OP8sW9VivoJseMoLoIpukZ44NdxA8+AVkmwIHVYoDnwv/pDRbOESUsFMaYX4NSGBdGWU8Gm1X5mWErohIxYz1FJEmbCYhZ/is6cMkSx0u5Ji2bq742CJMbkSeQmy5Rm2SvF/7xeZuOrsOAyzSyTdH4ozgSyCpVdoCHXjFqRO0Ko5i4romOiCbWusaorIVj+8ippXzQC3AjuMVTgBE7hHAK4hBu4gya0gEIBL/AG796z9+p9zOta8xa9HcEfeJ8/gz+TXg==</latexit><latexit sha1_base64="l9n874KXkQ4fMACgQPVWTANe4R8=">AAAB83icdVDLSgMxFL1TX7VWrYIrN8EiuCpJF7ZdCIIblxXsA9qxZNJMG5p5kGSEYSj4K25cKOK/uPNvzLQVVPRA4HDOvdyT48VSaIPxh1NYW9/Y3Cpul3bKu3v7lYNyV0eJYrzDIhmpvkc1lyLkHSOM5P1YcRp4kve82VXu9+650iIKb00aczegk1D4glFjpVHlKL0bmihGw4CaqednZI4uEB5VqriGMSaEoJyQxjm2pNVq1kkTkdyyqMIK7VHlfTiOWBLw0DBJtR4QHBs3o8oIJvm8NEw0jymb0QkfWBrSgGs3W8Sfo1OrjJEfKftCgxbq942MBlqngWcn85T6t5eLf3mDxPhNNxNhnBgesuUhP5HIRCjvAo2F4szI1BLKlLBZEZtSRZmxjZVsCV8/Rf+Tbr1GcI3cYCjCMZzAGRBowCVcQxs6wCCDR3iGF+fBeXJel3UVnFVvh/ADztsnzeOTlA==</latexit><latexit sha1_base64="+HxQnCmMJLcMAIg2HrOYpaI/hRE=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgqiRd2HYhFN24rGAf0BlLJs20oZnMkGSEMhT8FTcuFHHrd7jzb8y0FVT0QOBwzr3ckxMkgmuD0IeztLyyurZe2Chubm3v7Lp7+20dp4qyFo1FrLoB0UxwyVqGG8G6iWIkCgTrBOPL3O/cMaV5LG/MJGF+RIaSh5wSY6W+ezi59UycQC8iZhSEGZ7Cc4j6bgmVEUIYY5gTXD1DltTrtQquQZxbFiWwQLPvvnuDmKYRk4YKonUPo8T4GVGGU8GmRS/VLCF0TIasZ6kkEdN+Nos/hSdWGcAwVvZJA2fq942MRFpPosBO5in1by8X//J6qQlrfsZlkhom6fxQmApoYph3AQdcMWrExBJCFbdZIR0RRaixjRVtCV8/hf+TdqWMURlfo1LjYlFHARyBY3AKMKiCBrgCTdACFGTgATyBZ+feeXRenNf56JKz2DkAP+C8fQI1b5T5</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit>

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize
1

n
kyk22

<latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit>

Minimize
y>Ly

kyk22
s.t. y ? 1

Minimize y>Ly s.t. kyk22 = 1 y ? 1
<latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit>



KEY PRINCIPLE

• Points are centered at 0


• Keep your Friends close                                                  


• Variance or spread should be large

y>1 = 0
<latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="A9VEKPqpFCVkEGOhuoskEt9XWGk=">AAAB83icbVBNSwMxFHzrZ61VV8GTl2ARPJWsF70IghePFewHtGvJptk2NJssSVZYloJ/xYsHRfwv3vw3ZtsetHUgMMy8x5tMlApuLMbf3tr6xubWdmWnulvb2z/wD2ttozJNWYsqoXQ3IoYJLlnLcitYN9WMJJFgnWhyW/qdJ6YNV/LB5ikLEzKSPOaUWCcN/OP8sW9VivoJseMoLoIpukZ44NdxA8+AVkmwIHVYoDnwv/pDRbOESUsFMaYX4NSGBdGWU8Gm1X5mWErohIxYz1FJEmbCYhZ/is6cMkSx0u5Ji2bq742CJMbkSeQmy5Rm2SvF/7xeZuOrsOAyzSyTdH4ozgSyCpVdoCHXjFqRO0Ko5i4romOiCbWusaorIVj+8ippXzQC3AjuMVTgBE7hHAK4hBu4gya0gEIBL/AG796z9+p9zOta8xa9HcEfeJ8/gz+TXg==</latexit><latexit sha1_base64="l9n874KXkQ4fMACgQPVWTANe4R8=">AAAB83icdVDLSgMxFL1TX7VWrYIrN8EiuCpJF7ZdCIIblxXsA9qxZNJMG5p5kGSEYSj4K25cKOK/uPNvzLQVVPRA4HDOvdyT48VSaIPxh1NYW9/Y3Cpul3bKu3v7lYNyV0eJYrzDIhmpvkc1lyLkHSOM5P1YcRp4kve82VXu9+650iIKb00aczegk1D4glFjpVHlKL0bmihGw4CaqednZI4uEB5VqriGMSaEoJyQxjm2pNVq1kkTkdyyqMIK7VHlfTiOWBLw0DBJtR4QHBs3o8oIJvm8NEw0jymb0QkfWBrSgGs3W8Sfo1OrjJEfKftCgxbq942MBlqngWcn85T6t5eLf3mDxPhNNxNhnBgesuUhP5HIRCjvAo2F4szI1BLKlLBZEZtSRZmxjZVsCV8/Rf+Tbr1GcI3cYCjCMZzAGRBowCVcQxs6wCCDR3iGF+fBeXJel3UVnFVvh/ADztsnzeOTlA==</latexit><latexit sha1_base64="+HxQnCmMJLcMAIg2HrOYpaI/hRE=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgqiRd2HYhFN24rGAf0BlLJs20oZnMkGSEMhT8FTcuFHHrd7jzb8y0FVT0QOBwzr3ckxMkgmuD0IeztLyyurZe2Chubm3v7Lp7+20dp4qyFo1FrLoB0UxwyVqGG8G6iWIkCgTrBOPL3O/cMaV5LG/MJGF+RIaSh5wSY6W+ezi59UycQC8iZhSEGZ7Cc4j6bgmVEUIYY5gTXD1DltTrtQquQZxbFiWwQLPvvnuDmKYRk4YKonUPo8T4GVGGU8GmRS/VLCF0TIasZ6kkEdN+Nos/hSdWGcAwVvZJA2fq942MRFpPosBO5in1by8X//J6qQlrfsZlkhom6fxQmApoYph3AQdcMWrExBJCFbdZIR0RRaixjRVtCV8/hf+TdqWMURlfo1LjYlFHARyBY3AKMKiCBrgCTdACFGTgATyBZ+feeXRenNf56JKz2DkAP+C8fQI1b5T5</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit>

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize
1

n
kyk22

<latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit>

Minimize
y>Ly

kyk22
s.t. y ? 1

Minimize y>Ly s.t. kyk22 = 1 y ? 1
<latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit>



KEY PRINCIPLE

• Points are centered at 0


• Keep your Friends close                                                  


• Variance or spread should be large

y>1 = 0
<latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="A9VEKPqpFCVkEGOhuoskEt9XWGk=">AAAB83icbVBNSwMxFHzrZ61VV8GTl2ARPJWsF70IghePFewHtGvJptk2NJssSVZYloJ/xYsHRfwv3vw3ZtsetHUgMMy8x5tMlApuLMbf3tr6xubWdmWnulvb2z/wD2ttozJNWYsqoXQ3IoYJLlnLcitYN9WMJJFgnWhyW/qdJ6YNV/LB5ikLEzKSPOaUWCcN/OP8sW9VivoJseMoLoIpukZ44NdxA8+AVkmwIHVYoDnwv/pDRbOESUsFMaYX4NSGBdGWU8Gm1X5mWErohIxYz1FJEmbCYhZ/is6cMkSx0u5Ji2bq742CJMbkSeQmy5Rm2SvF/7xeZuOrsOAyzSyTdH4ozgSyCpVdoCHXjFqRO0Ko5i4romOiCbWusaorIVj+8ippXzQC3AjuMVTgBE7hHAK4hBu4gya0gEIBL/AG796z9+p9zOta8xa9HcEfeJ8/gz+TXg==</latexit><latexit sha1_base64="l9n874KXkQ4fMACgQPVWTANe4R8=">AAAB83icdVDLSgMxFL1TX7VWrYIrN8EiuCpJF7ZdCIIblxXsA9qxZNJMG5p5kGSEYSj4K25cKOK/uPNvzLQVVPRA4HDOvdyT48VSaIPxh1NYW9/Y3Cpul3bKu3v7lYNyV0eJYrzDIhmpvkc1lyLkHSOM5P1YcRp4kve82VXu9+650iIKb00aczegk1D4glFjpVHlKL0bmihGw4CaqednZI4uEB5VqriGMSaEoJyQxjm2pNVq1kkTkdyyqMIK7VHlfTiOWBLw0DBJtR4QHBs3o8oIJvm8NEw0jymb0QkfWBrSgGs3W8Sfo1OrjJEfKftCgxbq942MBlqngWcn85T6t5eLf3mDxPhNNxNhnBgesuUhP5HIRCjvAo2F4szI1BLKlLBZEZtSRZmxjZVsCV8/Rf+Tbr1GcI3cYCjCMZzAGRBowCVcQxs6wCCDR3iGF+fBeXJel3UVnFVvh/ADztsnzeOTlA==</latexit><latexit sha1_base64="+HxQnCmMJLcMAIg2HrOYpaI/hRE=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgqiRd2HYhFN24rGAf0BlLJs20oZnMkGSEMhT8FTcuFHHrd7jzb8y0FVT0QOBwzr3ckxMkgmuD0IeztLyyurZe2Chubm3v7Lp7+20dp4qyFo1FrLoB0UxwyVqGG8G6iWIkCgTrBOPL3O/cMaV5LG/MJGF+RIaSh5wSY6W+ezi59UycQC8iZhSEGZ7Cc4j6bgmVEUIYY5gTXD1DltTrtQquQZxbFiWwQLPvvnuDmKYRk4YKonUPo8T4GVGGU8GmRS/VLCF0TIasZ6kkEdN+Nos/hSdWGcAwVvZJA2fq942MRFpPosBO5in1by8X//J6qQlrfsZlkhom6fxQmApoYph3AQdcMWrExBJCFbdZIR0RRaixjRVtCV8/hf+TdqWMURlfo1LjYlFHARyBY3AKMKiCBrgCTdACFGTgATyBZ+feeXRenNf56JKz2DkAP+C8fQI1b5T5</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit><latexit sha1_base64="0qgo2dW5PBLNmOpS4y7PquHW67I=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyUpYtuFUHTjsoJ9QGcsmTTThmYeJBlhGAr+ihsXirj1O9z5N2baCip6IHA4517uyfFiwZVG6MMqLC2vrK4V10sbm1vbO/buXkdFiaSsTSMRyZ5HFBM8ZG3NtWC9WDISeIJ1vcll7nfvmFQ8Cm90GjM3IKOQ+5wSbaSBfZDeOjqKoRMQPfb8DE/hOUQDu4wqCCGMMcwJrp0hQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7GZGaU8GmJSdRLCZ0Qkasb2hIAqbcbBZ/Co+NMoR+JM0LNZyp3zcyEiiVBp6ZzFOq314u/uX1E+3X3YyHcaJZSOeH/ERAHcG8CzjkklEtUkMIldxkhXRMJKHaNFYyJXz9FP5POtUKRhV8fVpuXizqKIJDcAROAAY10ARXoAXagIIMPIAn8GzdW4/Wi/U6Hy1Yi5198APW2yc2r5T9</latexit>

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize
1

n
kyk22

<latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit><latexit sha1_base64="QebnEBZoo/KoiM1BBfi3Z3RcTEY="></latexit>

Minimize
y>Ly

kyk22
s.t. y ? 1

Minimize y>Ly s.t. kyk22 = 1 y ? 1
<latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit><latexit sha1_base64="Eme42Isyt3T2rG8PqQ5r3TBZu5Y="></latexit>

y = Second smallest eigenvector of L
<latexit sha1_base64="2RjwzO3v2Kx2Z1buri/8p3t8Pek="></latexit><latexit sha1_base64="2RjwzO3v2Kx2Z1buri/8p3t8Pek="></latexit><latexit sha1_base64="2RjwzO3v2Kx2Z1buri/8p3t8Pek="></latexit><latexit sha1_base64="2RjwzO3v2Kx2Z1buri/8p3t8Pek="></latexit>



SPECTRAL CLUSTERING ALGORITHM
(UNNORMALIZED)

1 Given matrix A calculate diagonal matrix D s.t. Di,i = ∑n
j=1 Ai,j

2 Calculate the Laplacian matrix L = D −A

3 Find eigen vectors v1, . . . ,vn of L (ascending order of eigenvalues)

4 Pick the K eigenvectors with smallest eigenvalues to get
y1, . . . ,yn ∈ RK

5 Use K-means clustering algorithm on y1, . . . ,yn
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TROUBLE MAKERS
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TROUBLE MAKERS

• Variance is high

• Almost all connected nodes have same (small value)
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What was the problem?

• Pushing few nodes far away from the rest increased 
variance

• But these nodes were ones with one or few links

• We want nodes with fewer links to account for lesser of 
the variance
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NORMALIZED SPECTRAL EMBEDDING

• Nodes linked to each other are close to each other

• Variance or spread should be large 

• But variance under what distribution?

• Higher degree nodes are more important!

• Lets try a distribution where probability of picking node is 
proportional to its degree

• so pushing loners away does not account for much variance

• There is more incentive to push the famous people outwards
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NORMALIZED SPECTRAL EMBEDDING

Define distribution with pi =
Di,iPn
j=1 Dj,j

=
Di,i

|E|
<latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit>



NORMALIZED SPECTRAL EMBEDDING

Define distribution with pi =
Di,iPn
j=1 Dj,j

=
Di,i

|E|
<latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit>
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NORMALIZED SPECTRAL EMBEDDING

Define distribution with pi =
Di,iPn
j=1 Dj,j

=
Di,i

|E|
<latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit>

• Keep your Friends close                                           minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>



NORMALIZED SPECTRAL EMBEDDING

Define distribution with pi =
Di,iPn
j=1 Dj,j

=
Di,i

|E|
<latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit>

• Keep your Friends close                                           

• Points are centered at 0

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>



NORMALIZED SPECTRAL EMBEDDING

Define distribution with pi =
Di,iPn
j=1 Dj,j

=
Di,i

|E|
<latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit>

• Keep your Friends close                                           

• Points are centered at 0

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

nX

i=1

piyi = 0
nX

i=1

Di,iyi = 0
<latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit>



NORMALIZED SPECTRAL EMBEDDING

Define distribution with pi =
Di,iPn
j=1 Dj,j

=
Di,i

|E|
<latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit>

• Keep your Friends close                                           

• Points are centered at 0

• Variance or spread should be large

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

nX

i=1

piyi = 0
nX

i=1

Di,iyi = 0
<latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit>



NORMALIZED SPECTRAL EMBEDDING

Define distribution with pi =
Di,iPn
j=1 Dj,j

=
Di,i

|E|
<latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit><latexit sha1_base64="1Tr4HNJLhtX0l/wji1MqPKoC1Mg="></latexit>

• Keep your Friends close                                           

• Points are centered at 0

• Variance or spread should be large

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize
nX

i=1

piy
2
i =

1

|E|

nX

i=1

Di,iy
2
i =

1

|E|y
>Dy

<latexit sha1_base64="IDRVFqAMIHKzN+DT0hCOnZAaPGo="></latexit><latexit sha1_base64="IDRVFqAMIHKzN+DT0hCOnZAaPGo="></latexit><latexit sha1_base64="IDRVFqAMIHKzN+DT0hCOnZAaPGo="></latexit><latexit sha1_base64="IDRVFqAMIHKzN+DT0hCOnZAaPGo="></latexit>

nX

i=1

piyi = 0
nX

i=1

Di,iyi = 0
<latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit><latexit sha1_base64="mtcA1wDKqdTPTocCvHZ8azX+tCQ="></latexit>



NORMALIZED SPECTRAL EMBEDDING

• Keep your Friends close                                           


• Points are centered at 0


• Variance or spread should be large

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize y>Dy
<latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="j1b8MdP/CKXiDB1I8lL0RmX8bTg=">AAAB/XicbZC9TsMwFIVvyl8pBQIrAxYIialKWGBEgoEFqUj0R2pC5bhOa9VOIttBhKjdWHgVFgYQ4jXYeBuctgO0HMnSp3Ns+d4TJJwp7TjfVmlpeWV1rbxe2ahubm3bO9WmilNJaIPEPJbtACvKWUQbmmlO24mkWASctoLhRZG37qlULI5udZZQX+B+xEJGsDZW1973BNYDKfJr/MAEe6RoNB6j7M7TcYIuUda1D52aMxFaBHcGhzBTvWt/eb2YpIJGmnCsVMd1Eu3nWGpGOB1VvFTRBJMh7tOOwQgLqvx8ssgIHRmnh8JYmhNpNHF/v8ixUCoTgblZjK3ms8L8L+ukOjzzcxYlqaYRmX4UphzpGBWtoB6TlGieGcBEMjMrIgMsMdGmu4opwZ1feRGaJzXXqbk3DpRhDw7gGFw4hXO4gjo0gMATvMAbvFvP1qv1Ma2rZM1624U/sj5/ACB/mE4=</latexit><latexit sha1_base64="94/EetiUjqJxCSA2B8iXsM5paVU=">AAAB/XicdZDNSgMxFIXv1P/6N7p1YbAIrkrShW13gi7cCApWC20tmTRtQ5OZIcmI41B3bnwVNy4U8TXc+TZmtIKKHgh8nJOQe08QS2Esxm9eYWp6ZnZufqG4uLS8suqvLZ2ZKNGMN1gkI90MqOFShLxhhZW8GWtOVSD5eTDaz/PzS66NiMJTm8a8o+ggFH3BqHVW199sK2qHWmVH9Eoocc3R+OYGpRdtG8XoAKVdv4TLGGNCCMqBVHexg3q9ViE1RPLIqQQTHXf913YvYonioWWSGtMiOLadjGormOTjYjsxPKZsRAe85TCkiptO9rHIGG07p4f6kXYntOjD/f4io8qYVAXuZj62+Z3l5l9ZK7H9WicTYZxYHrLPj/qJRDZCeSuoJzRnVqYOKNPCzYrYkGrKrOuu6Er42hT9D2eVMsFlcoJhHjZgC3aAQBX24BCOoQEMbuEeHuHJu/MevOfPugrepLd1+CHv5R1rI5iE</latexit><latexit sha1_base64="ROkDrL0A1mzC4E+36yxw07Niw28=">AAACCHicdVDLSgMxFM34rPVVdenCYBFclaQL2+6KunAjVLAPaGvJpGkbmswMSUYch3bnxl9x40IRt36CO//GTFtBRQ9cOJxzL/fe4waCa4PQhzM3v7C4tJxaSa+urW9sZra2a9oPFWVV6gtfNVyimeAeqxpuBGsEihHpClZ3hyeJX79mSnPfuzRRwNqS9D3e45QYK3Uyey1JzEDJ+JzccMlvGRyNxzC6ahk/gKcw6mSyKIcQwhjDhODCEbKkVCrmcRHixLLIghkqncx7q+vTUDLPUEG0bmIUmHZMlOFUsFG6FWoWEDokfda01COS6XY8eWQED6zShT1f2fIMnKjfJ2IitY6kazuTs/VvLxH/8pqh6RXbMfeC0DCPThf1QgGND5NUYJcrRo2ILCFUcXsrpAOiCDU2u7QN4etT+D+p5XMY5fAFypaPZ3GkwC7YB4cAgwIogzNQAVVAwR14AE/g2bl3Hp0X53XaOufMZnbADzhvnwehmfM=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit>

nX

i=1

Di,iyi = 0
<latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit>



NORMALIZED SPECTRAL EMBEDDING

• Keep your Friends close                                           


• Points are centered at 0


• Variance or spread should be large

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize y>Dy
<latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="j1b8MdP/CKXiDB1I8lL0RmX8bTg=">AAAB/XicbZC9TsMwFIVvyl8pBQIrAxYIialKWGBEgoEFqUj0R2pC5bhOa9VOIttBhKjdWHgVFgYQ4jXYeBuctgO0HMnSp3Ns+d4TJJwp7TjfVmlpeWV1rbxe2ahubm3bO9WmilNJaIPEPJbtACvKWUQbmmlO24mkWASctoLhRZG37qlULI5udZZQX+B+xEJGsDZW1973BNYDKfJr/MAEe6RoNB6j7M7TcYIuUda1D52aMxFaBHcGhzBTvWt/eb2YpIJGmnCsVMd1Eu3nWGpGOB1VvFTRBJMh7tOOwQgLqvx8ssgIHRmnh8JYmhNpNHF/v8ixUCoTgblZjK3ms8L8L+ukOjzzcxYlqaYRmX4UphzpGBWtoB6TlGieGcBEMjMrIgMsMdGmu4opwZ1feRGaJzXXqbk3DpRhDw7gGFw4hXO4gjo0gMATvMAbvFvP1qv1Ma2rZM1624U/sj5/ACB/mE4=</latexit><latexit sha1_base64="94/EetiUjqJxCSA2B8iXsM5paVU=">AAAB/XicdZDNSgMxFIXv1P/6N7p1YbAIrkrShW13gi7cCApWC20tmTRtQ5OZIcmI41B3bnwVNy4U8TXc+TZmtIKKHgh8nJOQe08QS2Esxm9eYWp6ZnZufqG4uLS8suqvLZ2ZKNGMN1gkI90MqOFShLxhhZW8GWtOVSD5eTDaz/PzS66NiMJTm8a8o+ggFH3BqHVW199sK2qHWmVH9Eoocc3R+OYGpRdtG8XoAKVdv4TLGGNCCMqBVHexg3q9ViE1RPLIqQQTHXf913YvYonioWWSGtMiOLadjGormOTjYjsxPKZsRAe85TCkiptO9rHIGG07p4f6kXYntOjD/f4io8qYVAXuZj62+Z3l5l9ZK7H9WicTYZxYHrLPj/qJRDZCeSuoJzRnVqYOKNPCzYrYkGrKrOuu6Er42hT9D2eVMsFlcoJhHjZgC3aAQBX24BCOoQEMbuEeHuHJu/MevOfPugrepLd1+CHv5R1rI5iE</latexit><latexit sha1_base64="ROkDrL0A1mzC4E+36yxw07Niw28=">AAACCHicdVDLSgMxFM34rPVVdenCYBFclaQL2+6KunAjVLAPaGvJpGkbmswMSUYch3bnxl9x40IRt36CO//GTFtBRQ9cOJxzL/fe4waCa4PQhzM3v7C4tJxaSa+urW9sZra2a9oPFWVV6gtfNVyimeAeqxpuBGsEihHpClZ3hyeJX79mSnPfuzRRwNqS9D3e45QYK3Uyey1JzEDJ+JzccMlvGRyNxzC6ahk/gKcw6mSyKIcQwhjDhODCEbKkVCrmcRHixLLIghkqncx7q+vTUDLPUEG0bmIUmHZMlOFUsFG6FWoWEDokfda01COS6XY8eWQED6zShT1f2fIMnKjfJ2IitY6kazuTs/VvLxH/8pqh6RXbMfeC0DCPThf1QgGND5NUYJcrRo2ILCFUcXsrpAOiCDU2u7QN4etT+D+p5XMY5fAFypaPZ3GkwC7YB4cAgwIogzNQAVVAwR14AE/g2bl3Hp0X53XaOufMZnbADzhvnwehmfM=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit>

nX

i=1

Di,iyi = 0
<latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit>

Minimize
y>Ly

y>Dy
s.t.

nX

i=1

Di,iyi = 0
<latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit>



NORMALIZED SPECTRAL EMBEDDING

• Keep your Friends close                                           


• Points are centered at 0


• Variance or spread should be large

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize y>Dy
<latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="j1b8MdP/CKXiDB1I8lL0RmX8bTg=">AAAB/XicbZC9TsMwFIVvyl8pBQIrAxYIialKWGBEgoEFqUj0R2pC5bhOa9VOIttBhKjdWHgVFgYQ4jXYeBuctgO0HMnSp3Ns+d4TJJwp7TjfVmlpeWV1rbxe2ahubm3bO9WmilNJaIPEPJbtACvKWUQbmmlO24mkWASctoLhRZG37qlULI5udZZQX+B+xEJGsDZW1973BNYDKfJr/MAEe6RoNB6j7M7TcYIuUda1D52aMxFaBHcGhzBTvWt/eb2YpIJGmnCsVMd1Eu3nWGpGOB1VvFTRBJMh7tOOwQgLqvx8ssgIHRmnh8JYmhNpNHF/v8ixUCoTgblZjK3ms8L8L+ukOjzzcxYlqaYRmX4UphzpGBWtoB6TlGieGcBEMjMrIgMsMdGmu4opwZ1feRGaJzXXqbk3DpRhDw7gGFw4hXO4gjo0gMATvMAbvFvP1qv1Ma2rZM1624U/sj5/ACB/mE4=</latexit><latexit sha1_base64="94/EetiUjqJxCSA2B8iXsM5paVU=">AAAB/XicdZDNSgMxFIXv1P/6N7p1YbAIrkrShW13gi7cCApWC20tmTRtQ5OZIcmI41B3bnwVNy4U8TXc+TZmtIKKHgh8nJOQe08QS2Esxm9eYWp6ZnZufqG4uLS8suqvLZ2ZKNGMN1gkI90MqOFShLxhhZW8GWtOVSD5eTDaz/PzS66NiMJTm8a8o+ggFH3BqHVW199sK2qHWmVH9Eoocc3R+OYGpRdtG8XoAKVdv4TLGGNCCMqBVHexg3q9ViE1RPLIqQQTHXf913YvYonioWWSGtMiOLadjGormOTjYjsxPKZsRAe85TCkiptO9rHIGG07p4f6kXYntOjD/f4io8qYVAXuZj62+Z3l5l9ZK7H9WicTYZxYHrLPj/qJRDZCeSuoJzRnVqYOKNPCzYrYkGrKrOuu6Er42hT9D2eVMsFlcoJhHjZgC3aAQBX24BCOoQEMbuEeHuHJu/MevOfPugrepLd1+CHv5R1rI5iE</latexit><latexit sha1_base64="ROkDrL0A1mzC4E+36yxw07Niw28=">AAACCHicdVDLSgMxFM34rPVVdenCYBFclaQL2+6KunAjVLAPaGvJpGkbmswMSUYch3bnxl9x40IRt36CO//GTFtBRQ9cOJxzL/fe4waCa4PQhzM3v7C4tJxaSa+urW9sZra2a9oPFWVV6gtfNVyimeAeqxpuBGsEihHpClZ3hyeJX79mSnPfuzRRwNqS9D3e45QYK3Uyey1JzEDJ+JzccMlvGRyNxzC6ahk/gKcw6mSyKIcQwhjDhODCEbKkVCrmcRHixLLIghkqncx7q+vTUDLPUEG0bmIUmHZMlOFUsFG6FWoWEDokfda01COS6XY8eWQED6zShT1f2fIMnKjfJ2IitY6kazuTs/VvLxH/8pqh6RXbMfeC0DCPThf1QgGND5NUYJcrRo2ILCFUcXsrpAOiCDU2u7QN4etT+D+p5XMY5fAFypaPZ3GkwC7YB4cAgwIogzNQAVVAwR14AE/g2bl3Hp0X53XaOufMZnbADzhvnwehmfM=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit>

nX

i=1

Di,iyi = 0
<latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit>

Minimize
y>Ly

y>Dy
s.t.

nX

i=1

Di,iyi = 0
<latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit>

Define u = D1/2y so that
y>Ly

y>Dy
=

u>D�1/2LD�1/2u

kuk2
<latexit sha1_base64="1dylHeezFEBDG6l9ASCsWjXZVmw="></latexit><latexit sha1_base64="1dylHeezFEBDG6l9ASCsWjXZVmw="></latexit><latexit sha1_base64="1dylHeezFEBDG6l9ASCsWjXZVmw="></latexit><latexit sha1_base64="1dylHeezFEBDG6l9ASCsWjXZVmw="></latexit>



NORMALIZED SPECTRAL EMBEDDING

• Keep your Friends close                                           


• Points are centered at 0


• Variance or spread should be large

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize y>Dy
<latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="j1b8MdP/CKXiDB1I8lL0RmX8bTg=">AAAB/XicbZC9TsMwFIVvyl8pBQIrAxYIialKWGBEgoEFqUj0R2pC5bhOa9VOIttBhKjdWHgVFgYQ4jXYeBuctgO0HMnSp3Ns+d4TJJwp7TjfVmlpeWV1rbxe2ahubm3bO9WmilNJaIPEPJbtACvKWUQbmmlO24mkWASctoLhRZG37qlULI5udZZQX+B+xEJGsDZW1973BNYDKfJr/MAEe6RoNB6j7M7TcYIuUda1D52aMxFaBHcGhzBTvWt/eb2YpIJGmnCsVMd1Eu3nWGpGOB1VvFTRBJMh7tOOwQgLqvx8ssgIHRmnh8JYmhNpNHF/v8ixUCoTgblZjK3ms8L8L+ukOjzzcxYlqaYRmX4UphzpGBWtoB6TlGieGcBEMjMrIgMsMdGmu4opwZ1feRGaJzXXqbk3DpRhDw7gGFw4hXO4gjo0gMATvMAbvFvP1qv1Ma2rZM1624U/sj5/ACB/mE4=</latexit><latexit sha1_base64="94/EetiUjqJxCSA2B8iXsM5paVU=">AAAB/XicdZDNSgMxFIXv1P/6N7p1YbAIrkrShW13gi7cCApWC20tmTRtQ5OZIcmI41B3bnwVNy4U8TXc+TZmtIKKHgh8nJOQe08QS2Esxm9eYWp6ZnZufqG4uLS8suqvLZ2ZKNGMN1gkI90MqOFShLxhhZW8GWtOVSD5eTDaz/PzS66NiMJTm8a8o+ggFH3BqHVW199sK2qHWmVH9Eoocc3R+OYGpRdtG8XoAKVdv4TLGGNCCMqBVHexg3q9ViE1RPLIqQQTHXf913YvYonioWWSGtMiOLadjGormOTjYjsxPKZsRAe85TCkiptO9rHIGG07p4f6kXYntOjD/f4io8qYVAXuZj62+Z3l5l9ZK7H9WicTYZxYHrLPj/qJRDZCeSuoJzRnVqYOKNPCzYrYkGrKrOuu6Er42hT9D2eVMsFlcoJhHjZgC3aAQBX24BCOoQEMbuEeHuHJu/MevOfPugrepLd1+CHv5R1rI5iE</latexit><latexit sha1_base64="ROkDrL0A1mzC4E+36yxw07Niw28=">AAACCHicdVDLSgMxFM34rPVVdenCYBFclaQL2+6KunAjVLAPaGvJpGkbmswMSUYch3bnxl9x40IRt36CO//GTFtBRQ9cOJxzL/fe4waCa4PQhzM3v7C4tJxaSa+urW9sZra2a9oPFWVV6gtfNVyimeAeqxpuBGsEihHpClZ3hyeJX79mSnPfuzRRwNqS9D3e45QYK3Uyey1JzEDJ+JzccMlvGRyNxzC6ahk/gKcw6mSyKIcQwhjDhODCEbKkVCrmcRHixLLIghkqncx7q+vTUDLPUEG0bmIUmHZMlOFUsFG6FWoWEDokfda01COS6XY8eWQED6zShT1f2fIMnKjfJ2IitY6kazuTs/VvLxH/8pqh6RXbMfeC0DCPThf1QgGND5NUYJcrRo2ILCFUcXsrpAOiCDU2u7QN4etT+D+p5XMY5fAFypaPZ3GkwC7YB4cAgwIogzNQAVVAwR14AE/g2bl3Hp0X53XaOufMZnbADzhvnwehmfM=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit>

nX

i=1

Di,iyi = 0
<latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit>

Minimize
y>Ly

y>Dy
s.t.

nX

i=1

Di,iyi = 0
<latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit><latexit sha1_base64="tfZRQi6v2kJWWDyf03BzDSGl1uw="></latexit>

Define u = D1/2y so that
y>Ly

y>Dy
=

u>D�1/2LD�1/2u

kuk2
<latexit sha1_base64="1dylHeezFEBDG6l9ASCsWjXZVmw="></latexit><latexit sha1_base64="1dylHeezFEBDG6l9ASCsWjXZVmw="></latexit><latexit sha1_base64="1dylHeezFEBDG6l9ASCsWjXZVmw="></latexit><latexit sha1_base64="1dylHeezFEBDG6l9ASCsWjXZVmw="></latexit>

and
nX

i=1

Di,iyi =
nX

i=1

D1/2
i,i ui = 0 ) diag(D1/2) ? u

<latexit sha1_base64="tz4y8XS7qloDmHvg3Q6zLBFHxhw="></latexit><latexit sha1_base64="tz4y8XS7qloDmHvg3Q6zLBFHxhw="></latexit><latexit sha1_base64="tz4y8XS7qloDmHvg3Q6zLBFHxhw="></latexit><latexit sha1_base64="tz4y8XS7qloDmHvg3Q6zLBFHxhw="></latexit>



NORMALIZED SPECTRAL EMBEDDING

• Keep your Friends close                                           


• Points are centered at 0


• Variance or spread should be large

minimize y>Ly
<latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit><latexit sha1_base64="RHkyRB66RahSU9eXVGLX8y3HV+E=">AAACCHicdVBNSwMxEM36bf1a9ejBYBE8lURE663oxYMHBVsL7VqyadqGJtklyQrr0t68+Fe8eFDEqz/Bm//GbK2gog8GHu/NMDMvjAU3FqF3b2Jyanpmdm6+sLC4tLzir67VTJRoyqo0EpGuh8QwwRWrWm4Fq8eaERkKdhn2j3P/8pppwyN1YdOYBZJ0Fe9wSqyTWv5mUxLb0zKTXHHJb9hgOITpVdNGMTyFKWz5RVRCCGGMYU7wwT5y5PCwvIvLEOeWQxGMcdby35rtiCaSKUsFMaaBUWyDjGjLqWCDQjMxLCa0T7qs4agikpkgGz0ygNtOacNOpF0pC0fq94mMSGNSGbrO/Gzz28vFv7xGYjvlIOMqTixT9HNRJxHQRjBPBba5ZtSK1BFCNXe3QtojmlDrsiu4EL4+hf+T2m4JoxI+3ytWjsZxzIENsAV2AAYHoAJOwBmoAgpuwT14BE/enffgPXsvn60T3nhmHfyA9/oBSI2aHQ==</latexit>

Maximize y>Dy
<latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="j1b8MdP/CKXiDB1I8lL0RmX8bTg=">AAAB/XicbZC9TsMwFIVvyl8pBQIrAxYIialKWGBEgoEFqUj0R2pC5bhOa9VOIttBhKjdWHgVFgYQ4jXYeBuctgO0HMnSp3Ns+d4TJJwp7TjfVmlpeWV1rbxe2ahubm3bO9WmilNJaIPEPJbtACvKWUQbmmlO24mkWASctoLhRZG37qlULI5udZZQX+B+xEJGsDZW1973BNYDKfJr/MAEe6RoNB6j7M7TcYIuUda1D52aMxFaBHcGhzBTvWt/eb2YpIJGmnCsVMd1Eu3nWGpGOB1VvFTRBJMh7tOOwQgLqvx8ssgIHRmnh8JYmhNpNHF/v8ixUCoTgblZjK3ms8L8L+ukOjzzcxYlqaYRmX4UphzpGBWtoB6TlGieGcBEMjMrIgMsMdGmu4opwZ1feRGaJzXXqbk3DpRhDw7gGFw4hXO4gjo0gMATvMAbvFvP1qv1Ma2rZM1624U/sj5/ACB/mE4=</latexit><latexit sha1_base64="94/EetiUjqJxCSA2B8iXsM5paVU=">AAAB/XicdZDNSgMxFIXv1P/6N7p1YbAIrkrShW13gi7cCApWC20tmTRtQ5OZIcmI41B3bnwVNy4U8TXc+TZmtIKKHgh8nJOQe08QS2Esxm9eYWp6ZnZufqG4uLS8suqvLZ2ZKNGMN1gkI90MqOFShLxhhZW8GWtOVSD5eTDaz/PzS66NiMJTm8a8o+ggFH3BqHVW199sK2qHWmVH9Eoocc3R+OYGpRdtG8XoAKVdv4TLGGNCCMqBVHexg3q9ViE1RPLIqQQTHXf913YvYonioWWSGtMiOLadjGormOTjYjsxPKZsRAe85TCkiptO9rHIGG07p4f6kXYntOjD/f4io8qYVAXuZj62+Z3l5l9ZK7H9WicTYZxYHrLPj/qJRDZCeSuoJzRnVqYOKNPCzYrYkGrKrOuu6Er42hT9D2eVMsFlcoJhHjZgC3aAQBX24BCOoQEMbuEeHuHJu/MevOfPugrepLd1+CHv5R1rI5iE</latexit><latexit sha1_base64="ROkDrL0A1mzC4E+36yxw07Niw28=">AAACCHicdVDLSgMxFM34rPVVdenCYBFclaQL2+6KunAjVLAPaGvJpGkbmswMSUYch3bnxl9x40IRt36CO//GTFtBRQ9cOJxzL/fe4waCa4PQhzM3v7C4tJxaSa+urW9sZra2a9oPFWVV6gtfNVyimeAeqxpuBGsEihHpClZ3hyeJX79mSnPfuzRRwNqS9D3e45QYK3Uyey1JzEDJ+JzccMlvGRyNxzC6ahk/gKcw6mSyKIcQwhjDhODCEbKkVCrmcRHixLLIghkqncx7q+vTUDLPUEG0bmIUmHZMlOFUsFG6FWoWEDokfda01COS6XY8eWQED6zShT1f2fIMnKjfJ2IitY6kazuTs/VvLxH/8pqh6RXbMfeC0DCPThf1QgGND5NUYJcrRo2ILCFUcXsrpAOiCDU2u7QN4etT+D+p5XMY5fAFypaPZ3GkwC7YB4cAgwIogzNQAVVAwR14AE/g2bl3Hp0X53XaOufMZnbADzhvnwehmfM=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit><latexit sha1_base64="GWPrGEibiyEk98T15eJHxTtxawM=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4KomItruiLtwICvYB7VgyaUaDycyQZMRxaHdu/BU3LhRx6ye482/M2AoqeuDC4Zx7ufcePxZcG4TenbHxicmp6cJMcXZufmHRXVpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNO/3M/95hVTmkfhqUlj5klyHvKAU2Ks1HXXOpKYCyWzI3LNJb9hsD8YwPSsY6IYHsC065ZQGSGEMYY5wbs7yJJqtbKFKxDnlkUJjHDcdd86vYgmkoWGCqJ1G6PYeBlRhlPB+sVOollM6CU5Z21LQyKZ9rLPR/pwwyo9GETKVmjgp/p9IiNS61T6tjM/W//2cvEvr52YoOJlPIwTw0I6XBQkApoI5qnAHleMGpFaQqji9lZIL4gi1NjsijaEr0/h/6SxVcaojE+2S7W9URwFsArWwSbAYBfUwCE4BnVAwS24B4/gyblzHpxn52XYOuaMZlbADzivHwjhmfc=</latexit>

nX

i=1

Di,iyi = 0
<latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit><latexit sha1_base64="zR5vvsRQMzaISrgZQ91I3Dhzraw=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiuJCSFLHtolDUhcsK9gJtHTJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRU9EPj4/3M4Ob8XCq4NQh9OamFxaXklvZpZW9/Y3Mpu7zR0ECnK6jQQgWp5RDPBJasbbgRrhYoR3xOs6Y3OE795y5Tmgbw245B1fTKQvM8pMVZys/sdHfluzCt4ciPhhaVjPoFjl8MKRG42h/IIIYwxTAAXT5GFcrlUwCWIE8tWDsyr5mbfO72ARj6ThgqidRuj0HRjogyngk0ynUizkNARGbC2RUl8prvx9IoJPLRKD/YDZZ80cKp+n4iJr/XY92ynT8xQ//YS8S+vHZl+qRtzGUaGSTpb1I8ENAFMIoE9rhg1YmyBUMXtXyEdEkWoscFlbAhfl8L/oVHIY5THVye56tk8jjTYAwfgCGBQBFVwCWqgDii4Aw/gCTw7986j8+K8zlpTznxmF/wo5+0TuoaXaw==</latexit>

Minimize u>D�1/2LD�1/2u s.t. kuk = 1 & u ? diag(D1/2)
<latexit sha1_base64="p0jERMf4EQ7mUIG9OkeGpprPDI4=">AAACWXicdVFNbxMxEPUutITwFeiRy4gIVA4s6wjR9IBUAQcOIBWJtJWyaeR1JqlV765ljxFhu/mRHJAQf4UD3jYVH4InWXqa9954PM6NVo7S9FsUX7m6sXmtc7174+at23d6d+8duMpbiSNZ6coe5cKhViWOSJHGI2NRFLnGw/z0VasffkTrVFV+oKXBSSEWpZorKSiUpj2TEX4iW9TvVKkK9RmhAX+cUWXg9XH9hD8dNPD2F/ WwCrjMgEsoCYHszGdnLzisskerYMkMWgNZIegkmGZKLJrt0KFt8BimvX6apGnKOYeW8J3naSC7u8MBHwJvpYA+W2N/2vuSzSrpCyxJauHcmKeGJrWwpKTGppt5h0bIU7HAcaClKNBN6vPNNPAwVGYwr2w4JcF59fdELQrnlkUenO247m+tLf5LG3uaDye1Ko0nLOXFRXOvgSpo1wwzZVGSXgYipFVhVpAnwgpJ4TO6YQmXL4X/k4NBwtOEv3/W33u5XkeH3WcP2DbjbIftsTdsn42YZF/Zj2gj2oy+x1HcibsX1jhaZ7bYH4i3fgLVzbIR</latexit><latexit sha1_base64="p0jERMf4EQ7mUIG9OkeGpprPDI4=">AAACWXicdVFNbxMxEPUutITwFeiRy4gIVA4s6wjR9IBUAQcOIBWJtJWyaeR1JqlV765ljxFhu/mRHJAQf4UD3jYVH4InWXqa9954PM6NVo7S9FsUX7m6sXmtc7174+at23d6d+8duMpbiSNZ6coe5cKhViWOSJHGI2NRFLnGw/z0VasffkTrVFV+oKXBSSEWpZorKSiUpj2TEX4iW9TvVKkK9RmhAX+cUWXg9XH9hD8dNPD2F/ WwCrjMgEsoCYHszGdnLzisskerYMkMWgNZIegkmGZKLJrt0KFt8BimvX6apGnKOYeW8J3naSC7u8MBHwJvpYA+W2N/2vuSzSrpCyxJauHcmKeGJrWwpKTGppt5h0bIU7HAcaClKNBN6vPNNPAwVGYwr2w4JcF59fdELQrnlkUenO247m+tLf5LG3uaDye1Ko0nLOXFRXOvgSpo1wwzZVGSXgYipFVhVpAnwgpJ4TO6YQmXL4X/k4NBwtOEv3/W33u5XkeH3WcP2DbjbIftsTdsn42YZF/Zj2gj2oy+x1HcibsX1jhaZ7bYH4i3fgLVzbIR</latexit><latexit sha1_base64="p0jERMf4EQ7mUIG9OkeGpprPDI4=">AAACWXicdVFNbxMxEPUutITwFeiRy4gIVA4s6wjR9IBUAQcOIBWJtJWyaeR1JqlV765ljxFhu/mRHJAQf4UD3jYVH4InWXqa9954PM6NVo7S9FsUX7m6sXmtc7174+at23d6d+8duMpbiSNZ6coe5cKhViWOSJHGI2NRFLnGw/z0VasffkTrVFV+oKXBSSEWpZorKSiUpj2TEX4iW9TvVKkK9RmhAX+cUWXg9XH9hD8dNPD2F/ WwCrjMgEsoCYHszGdnLzisskerYMkMWgNZIegkmGZKLJrt0KFt8BimvX6apGnKOYeW8J3naSC7u8MBHwJvpYA+W2N/2vuSzSrpCyxJauHcmKeGJrWwpKTGppt5h0bIU7HAcaClKNBN6vPNNPAwVGYwr2w4JcF59fdELQrnlkUenO247m+tLf5LG3uaDye1Ko0nLOXFRXOvgSpo1wwzZVGSXgYipFVhVpAnwgpJ4TO6YQmXL4X/k4NBwtOEv3/W33u5XkeH3WcP2DbjbIftsTdsn42YZF/Zj2gj2oy+x1HcibsX1jhaZ7bYH4i3fgLVzbIR</latexit><latexit sha1_base64="p0jERMf4EQ7mUIG9OkeGpprPDI4=">AAACWXicdVFNbxMxEPUutITwFeiRy4gIVA4s6wjR9IBUAQcOIBWJtJWyaeR1JqlV765ljxFhu/mRHJAQf4UD3jYVH4InWXqa9954PM6NVo7S9FsUX7m6sXmtc7174+at23d6d+8duMpbiSNZ6coe5cKhViWOSJHGI2NRFLnGw/z0VasffkTrVFV+oKXBSSEWpZorKSiUpj2TEX4iW9TvVKkK9RmhAX+cUWXg9XH9hD8dNPD2F/ WwCrjMgEsoCYHszGdnLzisskerYMkMWgNZIegkmGZKLJrt0KFt8BimvX6apGnKOYeW8J3naSC7u8MBHwJvpYA+W2N/2vuSzSrpCyxJauHcmKeGJrWwpKTGppt5h0bIU7HAcaClKNBN6vPNNPAwVGYwr2w4JcF59fdELQrnlkUenO247m+tLf5LG3uaDye1Ko0nLOXFRXOvgSpo1wwzZVGSXgYipFVhVpAnwgpJ4TO6YQmXL4X/k4NBwtOEv3/W33u5XkeH3WcP2DbjbIftsTdsn42YZF/Zj2gj2oy+x1HcibsX1jhaZ7bYH4i3fgLVzbIR</latexit>

Solution: Second smallest eigen vector of D�1/2LD�1/2
<latexit sha1_base64="bX50tnts/NP0hMlLfE8FndwW310="></latexit><latexit sha1_base64="bX50tnts/NP0hMlLfE8FndwW310="></latexit><latexit sha1_base64="bX50tnts/NP0hMlLfE8FndwW310="></latexit><latexit sha1_base64="bX50tnts/NP0hMlLfE8FndwW310="></latexit>



NORMALIZED SPECTRAL EMBEDDING

• More generally if probability of a node i is proportional to 
some pi then solution to normalized spectral clustering is 


• Second smallest eigen vector of                              
where 


• For K dimensional representation, we can take 2nd to 
K+1’th smallest eigenvectors say u2,…, uK+1 


•

P�1/2LP�1/2
<latexit sha1_base64="QqbzvMHXg4py3Le5H5Qce8CaBP0=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJlgEN9akiG13RTcuXFSwF2jHkkkzbWjmQpIRhqG+ihsXirj1Qdz5NmZ6ARU9EPj4/3M4J78bCa40Qp/W0vLK6tp6biO/ubW9s2vv7bdUGEvKmjQUoey4RDHBA9bUXAvWiSQjvitY2x1fZn77nknFw+BWJxFzfDIMuMcp0Ubq24XGXXqCT8sTeA0X2LeLqIQQwhjDDHDlHBmo1aplXIU4s0wVwbwaffujNwhp7LNAU0GU6mIUaSclUnMq2CTfixWLCB2TIesaDIjPlJNOj5/AI6MMoBdK8wINp+r3iZT4SiW+azp9okfqt5eJf3ndWHtVJ+VBFGsW0NkiLxZQhzBLAg64ZFSLxAChkptbIR0RSag2eeVNCIufwv+hVS5hVMI3Z8X6xTyOHDgAh+AYYFABdXAFGqAJKEjAI3gGL9aD9WS9Wm+z1iVrPlMAP8p6/wLWPpL1</latexit><latexit sha1_base64="QqbzvMHXg4py3Le5H5Qce8CaBP0=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJlgEN9akiG13RTcuXFSwF2jHkkkzbWjmQpIRhqG+ihsXirj1Qdz5NmZ6ARU9EPj4/3M4J78bCa40Qp/W0vLK6tp6biO/ubW9s2vv7bdUGEvKmjQUoey4RDHBA9bUXAvWiSQjvitY2x1fZn77nknFw+BWJxFzfDIMuMcp0Ubq24XGXXqCT8sTeA0X2LeLqIQQwhjDDHDlHBmo1aplXIU4s0wVwbwaffujNwhp7LNAU0GU6mIUaSclUnMq2CTfixWLCB2TIesaDIjPlJNOj5/AI6MMoBdK8wINp+r3iZT4SiW+azp9okfqt5eJf3ndWHtVJ+VBFGsW0NkiLxZQhzBLAg64ZFSLxAChkptbIR0RSag2eeVNCIufwv+hVS5hVMI3Z8X6xTyOHDgAh+AYYFABdXAFGqAJKEjAI3gGL9aD9WS9Wm+z1iVrPlMAP8p6/wLWPpL1</latexit><latexit sha1_base64="QqbzvMHXg4py3Le5H5Qce8CaBP0=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJlgEN9akiG13RTcuXFSwF2jHkkkzbWjmQpIRhqG+ihsXirj1Qdz5NmZ6ARU9EPj4/3M4J78bCa40Qp/W0vLK6tp6biO/ubW9s2vv7bdUGEvKmjQUoey4RDHBA9bUXAvWiSQjvitY2x1fZn77nknFw+BWJxFzfDIMuMcp0Ubq24XGXXqCT8sTeA0X2LeLqIQQwhjDDHDlHBmo1aplXIU4s0wVwbwaffujNwhp7LNAU0GU6mIUaSclUnMq2CTfixWLCB2TIesaDIjPlJNOj5/AI6MMoBdK8wINp+r3iZT4SiW+azp9okfqt5eJf3ndWHtVJ+VBFGsW0NkiLxZQhzBLAg64ZFSLxAChkptbIR0RSag2eeVNCIufwv+hVS5hVMI3Z8X6xTyOHDgAh+AYYFABdXAFGqAJKEjAI3gGL9aD9WS9Wm+z1iVrPlMAP8p6/wLWPpL1</latexit><latexit sha1_base64="QqbzvMHXg4py3Le5H5Qce8CaBP0=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJlgEN9akiG13RTcuXFSwF2jHkkkzbWjmQpIRhqG+ihsXirj1Qdz5NmZ6ARU9EPj4/3M4J78bCa40Qp/W0vLK6tp6biO/ubW9s2vv7bdUGEvKmjQUoey4RDHBA9bUXAvWiSQjvitY2x1fZn77nknFw+BWJxFzfDIMuMcp0Ubq24XGXXqCT8sTeA0X2LeLqIQQwhjDDHDlHBmo1aplXIU4s0wVwbwaffujNwhp7LNAU0GU6mIUaSclUnMq2CTfixWLCB2TIesaDIjPlJNOj5/AI6MMoBdK8wINp+r3iZT4SiW+azp9okfqt5eJf3ndWHtVJ+VBFGsW0NkiLxZQhzBLAg64ZFSLxAChkptbIR0RSag2eeVNCIufwv+hVS5hVMI3Z8X6xTyOHDgAh+AYYFABdXAFGqAJKEjAI3gGL9aD9WS9Wm+z1iVrPlMAP8p6/wLWPpL1</latexit>

P = diag(p)
<latexit sha1_base64="UbRdlHY5uxx4OyhJnKfb5IzROEg=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxC3ZSkiG0XQtGNywr2Ae1QMplMG5p5kGSEOhR/xY0LRdz6H+78GzNtBRU9EDiccy/35Lix4Eoj9GHllpZXVtfy64WNza3tHXt3r62iRFLWopGIZNcligkespbmWrBuLBkJXME67vgy8zu3TCoehTd6EjMnIMOQ+5wSbaSBfdCE57AfED2SQepxMpyW4pOBXURlhBDGGGYEV8+QIfV6rYJrEGeWQREs0BzY730voknAQk0FUaqHUaydlEjNqWDTQj9RLCZ0TIasZ2hIAqacdJZ+Co+N4kE/kuaFGs7U7xspCZSaBK6ZzHKq314m/uX1Eu3XnJSHcaJZSOeH/ERAHcGsCuhxyagWE0MIldxkhXREJKHaFFYwJXz9FP5P2pUyRmV8fVpsXCzqyINDcARKAIMqaIAr0AQtQMEdeABP4Nm6tx6tF+t1PpqzFjv74Aest0+QKpSp</latexit><latexit sha1_base64="UbRdlHY5uxx4OyhJnKfb5IzROEg=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxC3ZSkiG0XQtGNywr2Ae1QMplMG5p5kGSEOhR/xY0LRdz6H+78GzNtBRU9EDiccy/35Lix4Eoj9GHllpZXVtfy64WNza3tHXt3r62iRFLWopGIZNcligkespbmWrBuLBkJXME67vgy8zu3TCoehTd6EjMnIMOQ+5wSbaSBfdCE57AfED2SQepxMpyW4pOBXURlhBDGGGYEV8+QIfV6rYJrEGeWQREs0BzY730voknAQk0FUaqHUaydlEjNqWDTQj9RLCZ0TIasZ2hIAqacdJZ+Co+N4kE/kuaFGs7U7xspCZSaBK6ZzHKq314m/uX1Eu3XnJSHcaJZSOeH/ERAHcGsCuhxyagWE0MIldxkhXREJKHaFFYwJXz9FP5P2pUyRmV8fVpsXCzqyINDcARKAIMqaIAr0AQtQMEdeABP4Nm6tx6tF+t1PpqzFjv74Aest0+QKpSp</latexit><latexit sha1_base64="UbRdlHY5uxx4OyhJnKfb5IzROEg=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxC3ZSkiG0XQtGNywr2Ae1QMplMG5p5kGSEOhR/xY0LRdz6H+78GzNtBRU9EDiccy/35Lix4Eoj9GHllpZXVtfy64WNza3tHXt3r62iRFLWopGIZNcligkespbmWrBuLBkJXME67vgy8zu3TCoehTd6EjMnIMOQ+5wSbaSBfdCE57AfED2SQepxMpyW4pOBXURlhBDGGGYEV8+QIfV6rYJrEGeWQREs0BzY730voknAQk0FUaqHUaydlEjNqWDTQj9RLCZ0TIasZ2hIAqacdJZ+Co+N4kE/kuaFGs7U7xspCZSaBK6ZzHKq314m/uX1Eu3XnJSHcaJZSOeH/ERAHcGsCuhxyagWE0MIldxkhXREJKHaFFYwJXz9FP5P2pUyRmV8fVpsXCzqyINDcARKAIMqaIAr0AQtQMEdeABP4Nm6tx6tF+t1PpqzFjv74Aest0+QKpSp</latexit><latexit sha1_base64="UbRdlHY5uxx4OyhJnKfb5IzROEg=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxC3ZSkiG0XQtGNywr2Ae1QMplMG5p5kGSEOhR/xY0LRdz6H+78GzNtBRU9EDiccy/35Lix4Eoj9GHllpZXVtfy64WNza3tHXt3r62iRFLWopGIZNcligkespbmWrBuLBkJXME67vgy8zu3TCoehTd6EjMnIMOQ+5wSbaSBfdCE57AfED2SQepxMpyW4pOBXURlhBDGGGYEV8+QIfV6rYJrEGeWQREs0BzY730voknAQk0FUaqHUaydlEjNqWDTQj9RLCZ0TIasZ2hIAqacdJZ+Co+N4kE/kuaFGs7U7xspCZSaBK6ZzHKq314m/uX1Eu3XnJSHcaJZSOeH/ERAHcGsCuhxyagWE0MIldxkhXREJKHaFFYwJXz9FP5P2pUyRmV8fVpsXCzqyINDcARKAIMqaIAr0AQtQMEdeABP4Nm6tx6tF+t1PpqzFjv74Aest0+QKpSp</latexit>

Y = P�1/2U
<latexit sha1_base64="O+E41dt5cuvRhXqQV7qipxawB9Q=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgxZoUse1BKHrxWMG2Srst2TTbhmazS5JVytL/4cWDIl79L978N2bbCir6YODx3gwz87xIcG0Q+nAyC4tLyyvZ1dza+sbmVn57p6nDWFHWoKEI1Y1HNBNcsobhRrCbSDESeIK1vNFF6rfumNI8lNdmHDE3IAPJfU6JsVL3Fp7Bejc5wselCWz08gVURAhhjGFKcPkUWVKtVkq4AnFqWRTAHPVe/r3TD2kcMGmoIFq3MYqMmxBlOBVskuvEmkWEjsiAtS2VJGDaTaZXT+CBVfrQD5UtaeBU/T6RkEDrceDZzoCYof7tpeJfXjs2fsVNuIxiwySdLfJjAU0I0whgnytGjRhbQqji9lZIh0QRamxQORvC16fwf9IsFTEq4quTQu18HkcW7IF9cAgwKIMauAR10AAUKPAAnsCzc+88Oi/O66w148xndsEPOG+fDCeQ7A==</latexit><latexit sha1_base64="O+E41dt5cuvRhXqQV7qipxawB9Q=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgxZoUse1BKHrxWMG2Srst2TTbhmazS5JVytL/4cWDIl79L978N2bbCir6YODx3gwz87xIcG0Q+nAyC4tLyyvZ1dza+sbmVn57p6nDWFHWoKEI1Y1HNBNcsobhRrCbSDESeIK1vNFF6rfumNI8lNdmHDE3IAPJfU6JsVL3Fp7Bejc5wselCWz08gVURAhhjGFKcPkUWVKtVkq4AnFqWRTAHPVe/r3TD2kcMGmoIFq3MYqMmxBlOBVskuvEmkWEjsiAtS2VJGDaTaZXT+CBVfrQD5UtaeBU/T6RkEDrceDZzoCYof7tpeJfXjs2fsVNuIxiwySdLfJjAU0I0whgnytGjRhbQqji9lZIh0QRamxQORvC16fwf9IsFTEq4quTQu18HkcW7IF9cAgwKIMauAR10AAUKPAAnsCzc+88Oi/O66w148xndsEPOG+fDCeQ7A==</latexit><latexit sha1_base64="O+E41dt5cuvRhXqQV7qipxawB9Q=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgxZoUse1BKHrxWMG2Srst2TTbhmazS5JVytL/4cWDIl79L978N2bbCir6YODx3gwz87xIcG0Q+nAyC4tLyyvZ1dza+sbmVn57p6nDWFHWoKEI1Y1HNBNcsobhRrCbSDESeIK1vNFF6rfumNI8lNdmHDE3IAPJfU6JsVL3Fp7Bejc5wselCWz08gVURAhhjGFKcPkUWVKtVkq4AnFqWRTAHPVe/r3TD2kcMGmoIFq3MYqMmxBlOBVskuvEmkWEjsiAtS2VJGDaTaZXT+CBVfrQD5UtaeBU/T6RkEDrceDZzoCYof7tpeJfXjs2fsVNuIxiwySdLfJjAU0I0whgnytGjRhbQqji9lZIh0QRamxQORvC16fwf9IsFTEq4quTQu18HkcW7IF9cAgwKIMauAR10AAUKPAAnsCzc+88Oi/O66w148xndsEPOG+fDCeQ7A==</latexit><latexit sha1_base64="O+E41dt5cuvRhXqQV7qipxawB9Q=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgxZoUse1BKHrxWMG2Srst2TTbhmazS5JVytL/4cWDIl79L978N2bbCir6YODx3gwz87xIcG0Q+nAyC4tLyyvZ1dza+sbmVn57p6nDWFHWoKEI1Y1HNBNcsobhRrCbSDESeIK1vNFF6rfumNI8lNdmHDE3IAPJfU6JsVL3Fp7Bejc5wselCWz08gVURAhhjGFKcPkUWVKtVkq4AnFqWRTAHPVe/r3TD2kcMGmoIFq3MYqMmxBlOBVskuvEmkWEjsiAtS2VJGDaTaZXT+CBVfrQD5UtaeBU/T6RkEDrceDZzoCYof7tpeJfXjs2fsVNuIxiwySdLfJjAU0I0whgnytGjRhbQqji9lZIh0QRamxQORvC16fwf9IsFTEq4quTQu18HkcW7IF9cAgwKIMauAR10AAUKPAAnsCzc+88Oi/O66w148xndsEPOG+fDCeQ7A==</latexit>
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CLUSTERING

Grouping sets of data points s.t.

points in same group are similar

points in different groups are dissimilar

A form of unsupervised classification where 
there are no predefined labels



CLUSTERING

Partition data into K disjoint groups

Compression or Quantization

Compress n points into K representatives/groups

Visualization or Understanding

Taxonomy: Animals Vs plants Vs Microbes, Science Vs Math Vs

Social Sciences

Segmentation: different types of customers, students etc. Find

natural groupings in data

What this does not include: items belonging to more than one type
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What are the clusters?
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CLUSTERING

Grouping sets of data points s.t.

points in same group are similar

points in different groups are dissimilar

A form of unsupervised classification where 
there are no predefined labels



SOME NOTATIONS

Kary clustering is a partition of x1, . . . ,xn into K groups

For now assume the magical K is given to use

Clustering given by C1, . . . ,CK, the partition of data points.

Given a clustering, we shall use c(xt) to denote the cluster identity

of point xt according to the clustering.

Let nj denote �Cj�, clearly ∑K
j=1

nj = n.



How do we formalize a good 
clustering objective?



Given two clustering {C1, . . . , CK} (or c) and {C 0
1, . . . , C

0
K} (or c0)

How do we decide which is better?

How do we formalize?

Say dissimilarity(xt,xs) measures dissimilarity between xt & xs



Given two clustering {C1, . . . , CK} (or c) and {C 0
1, . . . , C

0
K} (or c0)

How do we decide which is better?

How do we formalize?

Say dissimilarity(xt,xs) measures dissimilarity between xt & xs

points in same cluster are not dissimilar
points in different clusters are dissimilar



CLUSTERING CRITERION

Minimize total within-cluster dissimilarity

M1 = K�
j=1

�
s,t∈Cj

dissimilarity(xt,xs)
Maximize between-cluster dissimilarity

M2 = �
xs,xt∶c(xs)≠c(xt)

dissimilarity(xt,xs)
Maximize smallest between-cluster dissimilarity

M3 = min
xs,xt∶c(xs)≠c(xt)dissimilarity(xt,xs)

Minimize largest within-cluster dissimilarity

M4 =max
j∈[K] max

s,t∈Cj
dissimilarity(xt,xs)
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