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t-SNE and Spectral Embedding



STOCHASTIC NEIGHBORHOOD EMBEDDING

Use a probabilistic notion of which points are neighbors.

Close by points are neighbors with high probability, . . .
Eg: For point xt, point xs is picked as neighbor with probability

pt→s = exp(− �xs−xt�2

2�2 )
∑u≠t exp(− �xu−xt�2

2�2 )
Probability that points s and t are connected Ps,t = Pt,s = pt→s+ps→t

2n

Goal: Find y1, . . . ,yn with stochastic neighborhood distribution Q
such that “P and Q are similar”

i.e. minimize:

KL(P�Q) =�
s,t

Ps,t log� Ps,t

Qs,t
� =�

s,t
Ps,t log (Ps,t) −�

s,t
Ps,t log (Qs,t)
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CHOICE FOR Q

Just like we defined P, we can define Q for a given y1, . . . ,yn by

qt→s = exp(− �ys−yt�2

2�2 )
∑u≠t exp(− �yu−yt�2

2�2 )
and then set Qs,t = qt→s+qs→t

2n

However we are faced with the crowding problem:
In high dimension we have a lot of space, Eg. in d dimension we
have d + 1 equidistant point

For d dimensional gaussians, most points are found at distance
√

d
from mean!

If we use gaussians in both high and low dimensional space, all the
points are squished in to a small space
Too many points crowd the center!
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Demo



METHOD II: T-SNE

Instead for Q we use, student t distribution which is heavy tailed:

qt→s = �1 + �ys − yt�2�−1

∑u≠t (1 + �yu − yt�2)−1

and then set Qs,t = qt→s+qs→t
2n

It can be verified that

∇ytKL(P�Q) = 4
n�

s=1
(Ps,t −Qs,t)(yt − ys) �1 + �ys − yt�2�−1

Algorithm: Find y1, . . . ,yn by performing gradient descent
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MOTIVATING EXAMPLE



What can you say from this 
network?



MOTIVATING EXAMPLE



How about now?
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GRAPH EMBEDDING



GRAPH EMBEDDING

• GOAL: Place vertices (users) of the graph in appropriate 
locations (in a K dimensional space)
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GRAPH EMBEDDING

• GOAL: Place vertices (users) of the graph in appropriate 
locations (in a K dimensional space)

• Distances between vertices (users) should be 
representative of some desired properties of the graph

• Eg. Cornell folks are together, all Yale folks are together



KEY PRINCIPLE



How do we do this?

KEY PRINCIPLE



How do we do this?
• If I gave you a proposed location how would you evaluate 

it for instance?


• What are the desirable properties?

KEY PRINCIPLE



THOUGHT EXPERIMENT

For each user i we specify embedding (location) yi

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

What are good properties?



MOTIVATING EXAMPLE

0

Centering locations



MOTIVATING EXAMPLE

0

Centering locations



KEY PRINCIPLE

• Points are centered at 0 

• Nodes that are linked should be closer                        
(sum of distances between linked nodes should be small) 

• Variance or spread amongst the nodes should be large



KEY PRINCIPLE



KEY PRINCIPLE

Obj(y1, . . . , yn) =
X

(i,j)2E

dist
2
(yi, yj)
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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

If all y0s are at same location then friends are all close
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<latexit sha1_base64="X8+2LAJSYe89yALvLwh2TeNhL7g="></latexit><latexit sha1_base64="X8+2LAJSYe89yALvLwh2TeNhL7g="></latexit><latexit sha1_base64="X8+2LAJSYe89yALvLwh2TeNhL7g="></latexit><latexit sha1_base64="X8+2LAJSYe89yALvLwh2TeNhL7g="></latexit>

Spread around the points!

Make Var(y1, . . . , yn) large.
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(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
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SPECTRAL EMBEDDING

Lets start with one dimensional projection

Single number yi for each node i

Lets review the three desired properties
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KEY PRINCIPLE

• Points are centered at 0 

• Keep your Friends close                                                   

• Variance or spread amongst the nodes should be large

nX

t=1

yt = 0
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n
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KEY PRINCIPLE

• Points are centered at 0 

• Keep your Friends close                                                   

• Variance or spread amongst the nodes should be large

nX

t=1

yt = 0
<latexit sha1_base64="X0oGtVMuYbC3JWFtmCA/Bh9vEnM=">AAAB/XicdVBNSwMxEM3W7/q1fty8BIvgqSRFbHsQRC8eFawKbV2yaWpDs9klmRXqUvwrXjwo4tX/4c1/Y7atoKIPBh7vzTAzL0yUtEDIh1eYmp6ZnZtfKC4uLa+s+mvrFzZODRcNHqvYXIXMCiW1aIAEJa4SI1gUKnEZ9o9z//JWGCtjfQ6DRLQjdqNlV3IGTgr8zZZNoyCDAzq81ngQAD7AJPBLpEwIoZTinNDqPnGkXq9VaA3T3HIooQlOA/+91Yl5GgkNXDFrm5Qk0M6YAcmVGBZbqRUJ4312I5qOahYJ285G1w/xjlM6uBsbVxrwSP0+kbHI2kEUus6IQc/+9nLxL6+ZQrfWzqROUhCajxd1U4UhxnkUuCON4KAGjjBupLsV8x4zjIMLrOhC+PoU/08uKmVKyvRsr3R4NIljHm2hbbSLKKqiQ3SCTlEDcXSHHtATevbuvUfvxXsdtxa8ycwG+gHv7RNPD5R4</latexit><latexit sha1_base64="X0oGtVMuYbC3JWFtmCA/Bh9vEnM=">AAAB/XicdVBNSwMxEM3W7/q1fty8BIvgqSRFbHsQRC8eFawKbV2yaWpDs9klmRXqUvwrXjwo4tX/4c1/Y7atoKIPBh7vzTAzL0yUtEDIh1eYmp6ZnZtfKC4uLa+s+mvrFzZODRcNHqvYXIXMCiW1aIAEJa4SI1gUKnEZ9o9z//JWGCtjfQ6DRLQjdqNlV3IGTgr8zZZNoyCDAzq81ngQAD7AJPBLpEwIoZTinNDqPnGkXq9VaA3T3HIooQlOA/+91Yl5GgkNXDFrm5Qk0M6YAcmVGBZbqRUJ4312I5qOahYJ285G1w/xjlM6uBsbVxrwSP0+kbHI2kEUus6IQc/+9nLxL6+ZQrfWzqROUhCajxd1U4UhxnkUuCON4KAGjjBupLsV8x4zjIMLrOhC+PoU/08uKmVKyvRsr3R4NIljHm2hbbSLKKqiQ3SCTlEDcXSHHtATevbuvUfvxXsdtxa8ycwG+gHv7RNPD5R4</latexit><latexit sha1_base64="X0oGtVMuYbC3JWFtmCA/Bh9vEnM=">AAAB/XicdVBNSwMxEM3W7/q1fty8BIvgqSRFbHsQRC8eFawKbV2yaWpDs9klmRXqUvwrXjwo4tX/4c1/Y7atoKIPBh7vzTAzL0yUtEDIh1eYmp6ZnZtfKC4uLa+s+mvrFzZODRcNHqvYXIXMCiW1aIAEJa4SI1gUKnEZ9o9z//JWGCtjfQ6DRLQjdqNlV3IGTgr8zZZNoyCDAzq81ngQAD7AJPBLpEwIoZTinNDqPnGkXq9VaA3T3HIooQlOA/+91Yl5GgkNXDFrm5Qk0M6YAcmVGBZbqRUJ4312I5qOahYJ285G1w/xjlM6uBsbVxrwSP0+kbHI2kEUus6IQc/+9nLxL6+ZQrfWzqROUhCajxd1U4UhxnkUuCON4KAGjjBupLsV8x4zjIMLrOhC+PoU/08uKmVKyvRsr3R4NIljHm2hbbSLKKqiQ3SCTlEDcXSHHtATevbuvUfvxXsdtxa8ycwG+gHv7RNPD5R4</latexit><latexit sha1_base64="X0oGtVMuYbC3JWFtmCA/Bh9vEnM=">AAAB/XicdVBNSwMxEM3W7/q1fty8BIvgqSRFbHsQRC8eFawKbV2yaWpDs9klmRXqUvwrXjwo4tX/4c1/Y7atoKIPBh7vzTAzL0yUtEDIh1eYmp6ZnZtfKC4uLa+s+mvrFzZODRcNHqvYXIXMCiW1aIAEJa4SI1gUKnEZ9o9z//JWGCtjfQ6DRLQjdqNlV3IGTgr8zZZNoyCDAzq81ngQAD7AJPBLpEwIoZTinNDqPnGkXq9VaA3T3HIooQlOA/+91Yl5GgkNXDFrm5Qk0M6YAcmVGBZbqRUJ4312I5qOahYJ285G1w/xjlM6uBsbVxrwSP0+kbHI2kEUus6IQc/+9nLxL6+ZQrfWzqROUhCajxd1U4UhxnkUuCON4KAGjjBupLsV8x4zjIMLrOhC+PoU/08uKmVKyvRsr3R4NIljHm2hbbSLKKqiQ3SCTlEDcXSHHtATevbuvUfvxXsdtxa8ycwG+gHv7RNPD5R4</latexit>

1

n
<latexit sha1_base64="YVKWckjUW6yjJZm+lNWa/Yh0zeY=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSjFCG+Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eIW19Y3NreJ2aWd3b/+gfHjUNSrRlHWoEkr3A2KY4JJ1LLeC9WPNSBQI1gtm17nfu2facCXv7DxmfkQmkoecEuukwTDUhKY4S2U2KldQFSGEMYY5wfVL5Eiz2ajhBsS55VABK7RH5ffhWNEkYtJSQYwZYBRbPyXacipYVhomhsWEzsiEDRyVJGLGTxcnZ/DMKWMYKu1KWrhQv0+kJDJmHgWuMyJ2an57ufiXN0hs2PBTLuPEMkmXi8JEQKtg/j8cc82oFXNHCNXc3QrplLgUrEup5EL4+hT+T7q1KkZVfHtRaV2t4iiCE3AKzgEGddACN6ANOoACBR7AE3j2rPfovXivy9aCt5o5Bj/gvX0C4WKRpQ==</latexit><latexit sha1_base64="YVKWckjUW6yjJZm+lNWa/Yh0zeY=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSjFCG+Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eIW19Y3NreJ2aWd3b/+gfHjUNSrRlHWoEkr3A2KY4JJ1LLeC9WPNSBQI1gtm17nfu2facCXv7DxmfkQmkoecEuukwTDUhKY4S2U2KldQFSGEMYY5wfVL5Eiz2ajhBsS55VABK7RH5ffhWNEkYtJSQYwZYBRbPyXacipYVhomhsWEzsiEDRyVJGLGTxcnZ/DMKWMYKu1KWrhQv0+kJDJmHgWuMyJ2an57ufiXN0hs2PBTLuPEMkmXi8JEQKtg/j8cc82oFXNHCNXc3QrplLgUrEup5EL4+hT+T7q1KkZVfHtRaV2t4iiCE3AKzgEGddACN6ANOoACBR7AE3j2rPfovXivy9aCt5o5Bj/gvX0C4WKRpQ==</latexit><latexit sha1_base64="YVKWckjUW6yjJZm+lNWa/Yh0zeY=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSjFCG+Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eIW19Y3NreJ2aWd3b/+gfHjUNSrRlHWoEkr3A2KY4JJ1LLeC9WPNSBQI1gtm17nfu2facCXv7DxmfkQmkoecEuukwTDUhKY4S2U2KldQFSGEMYY5wfVL5Eiz2ajhBsS55VABK7RH5ffhWNEkYtJSQYwZYBRbPyXacipYVhomhsWEzsiEDRyVJGLGTxcnZ/DMKWMYKu1KWrhQv0+kJDJmHgWuMyJ2an57ufiXN0hs2PBTLuPEMkmXi8JEQKtg/j8cc82oFXNHCNXc3QrplLgUrEup5EL4+hT+T7q1KkZVfHtRaV2t4iiCE3AKzgEGddACN6ANOoACBR7AE3j2rPfovXivy9aCt5o5Bj/gvX0C4WKRpQ==</latexit><latexit sha1_base64="YVKWckjUW6yjJZm+lNWa/Yh0zeY=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KblxWsA9oh5JJM21oJhmSjFCG+Qw3LhRx69e482/MtBVU9MCFwzn3cu89QSy4sQh9eIW19Y3NreJ2aWd3b/+gfHjUNSrRlHWoEkr3A2KY4JJ1LLeC9WPNSBQI1gtm17nfu2facCXv7DxmfkQmkoecEuukwTDUhKY4S2U2KldQFSGEMYY5wfVL5Eiz2ajhBsS55VABK7RH5ffhWNEkYtJSQYwZYBRbPyXacipYVhomhsWEzsiEDRyVJGLGTxcnZ/DMKWMYKu1KWrhQv0+kJDJmHgWuMyJ2an57ufiXN0hs2PBTLuPEMkmXi8JEQKtg/j8cc82oFXNHCNXc3QrplLgUrEup5EL4+hT+T7q1KkZVfHtRaV2t4iiCE3AKzgEGddACN6ANOoACBR7AE3j2rPfovXivy9aCt5o5Bj/gvX0C4WKRpQ==</latexit>

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>

(
)

<latexit sha1_base64="gKyNfApS4JgVinlxGsYozgD3D6E=">AAAB/HicdVBNSwMxEM36WetXtUcvwSJ4KomIbW9FLx48VLAqtKVk02wbzCZLMquUUv+KFw+KePWHePPfmG0rqOiDgcd7M8zMCxMlHRDyEczNLywuLedW8qtr6xubha3tS2dSy0WTG2XsdcicUFKLJkhQ4jqxgsWhElfhzUnmX90K66TRFzBMRCdmfS0jyRl4qVsots+M7isRgZX9ATBrzV23UCJlQgilFGeEVo6IJ7Va9YBWMc0sjxKaodEtvLd7hqex0MAVc65FSQKdEbMguRLjfDt1ImH8hvVFy1PNYuE6o8nxY7znlR6OjPWlAU/U7xMjFjs3jEPfGTMYuN9eJv7ltVKIqp2R1EkKQvPpoihVGAzOksA9aQUHNfSEcSv9rZgPmGUcfF55H8LXp/h/cnlQpqRMzw9L9eNZHDm0g3bRPqKoguroFDVQE3E0RA/oCT0H98Fj8BK8TlvngtlMEf1A8PYJw8GVfw==</latexit><latexit sha1_base64="gKyNfApS4JgVinlxGsYozgD3D6E=">AAAB/HicdVBNSwMxEM36WetXtUcvwSJ4KomIbW9FLx48VLAqtKVk02wbzCZLMquUUv+KFw+KePWHePPfmG0rqOiDgcd7M8zMCxMlHRDyEczNLywuLedW8qtr6xubha3tS2dSy0WTG2XsdcicUFKLJkhQ4jqxgsWhElfhzUnmX90K66TRFzBMRCdmfS0jyRl4qVsots+M7isRgZX9ATBrzV23UCJlQgilFGeEVo6IJ7Va9YBWMc0sjxKaodEtvLd7hqex0MAVc65FSQKdEbMguRLjfDt1ImH8hvVFy1PNYuE6o8nxY7znlR6OjPWlAU/U7xMjFjs3jEPfGTMYuN9eJv7ltVKIqp2R1EkKQvPpoihVGAzOksA9aQUHNfSEcSv9rZgPmGUcfF55H8LXp/h/cnlQpqRMzw9L9eNZHDm0g3bRPqKoguroFDVQE3E0RA/oCT0H98Fj8BK8TlvngtlMEf1A8PYJw8GVfw==</latexit><latexit sha1_base64="gKyNfApS4JgVinlxGsYozgD3D6E=">AAAB/HicdVBNSwMxEM36WetXtUcvwSJ4KomIbW9FLx48VLAqtKVk02wbzCZLMquUUv+KFw+KePWHePPfmG0rqOiDgcd7M8zMCxMlHRDyEczNLywuLedW8qtr6xubha3tS2dSy0WTG2XsdcicUFKLJkhQ4jqxgsWhElfhzUnmX90K66TRFzBMRCdmfS0jyRl4qVsots+M7isRgZX9ATBrzV23UCJlQgilFGeEVo6IJ7Va9YBWMc0sjxKaodEtvLd7hqex0MAVc65FSQKdEbMguRLjfDt1ImH8hvVFy1PNYuE6o8nxY7znlR6OjPWlAU/U7xMjFjs3jEPfGTMYuN9eJv7ltVKIqp2R1EkKQvPpoihVGAzOksA9aQUHNfSEcSv9rZgPmGUcfF55H8LXp/h/cnlQpqRMzw9L9eNZHDm0g3bRPqKoguroFDVQE3E0RA/oCT0H98Fj8BK8TlvngtlMEf1A8PYJw8GVfw==</latexit><latexit sha1_base64="gKyNfApS4JgVinlxGsYozgD3D6E=">AAAB/HicdVBNSwMxEM36WetXtUcvwSJ4KomIbW9FLx48VLAqtKVk02wbzCZLMquUUv+KFw+KePWHePPfmG0rqOiDgcd7M8zMCxMlHRDyEczNLywuLedW8qtr6xubha3tS2dSy0WTG2XsdcicUFKLJkhQ4jqxgsWhElfhzUnmX90K66TRFzBMRCdmfS0jyRl4qVsots+M7isRgZX9ATBrzV23UCJlQgilFGeEVo6IJ7Va9YBWMc0sjxKaodEtvLd7hqex0MAVc65FSQKdEbMguRLjfDt1ImH8hvVFy1PNYuE6o8nxY7znlR6OjPWlAU/U7xMjFjs3jEPfGTMYuN9eJv7ltVKIqp2R1EkKQvPpoihVGAzOksA9aQUHNfSEcSv9rZgPmGUcfF55H8LXp/h/cnlQpqRMzw9L9eNZHDm0g3bRPqKoguroFDVQE3E0RA/oCT0H98Fj8BK8TlvngtlMEf1A8PYJw8GVfw==</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>
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WHY THE LAPLACIAN?

Obj(y1, . . . , yn) =
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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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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 Variance

Var(y1, . . . , yn) =
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<latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit>
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<latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></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 Variance

Var(y1, . . . , yn) =
1
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y2t
<latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit>

Maximize Variance
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<latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></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 Variance

Var(y1, . . . , yn) =
1
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y2t
<latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit>

Maximize Variance
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<latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></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 Variance

Var(y1, . . . , yn) =
1
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<latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit><latexit sha1_base64="favwlg3c1cnjcppYS6qCYzilSUQ="></latexit>

Maximize Variance
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<latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></latexit><latexit sha1_base64="2sjmRK4ois4kzRqvffP9gGWkM84="></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>



EXAMPLESGRAPH CLUSTERING

Fact: For a connected graph, exactly one, the smallest of
eigenvalues is 0, corresponding eigenvector is 1 = (1, . . . ,1)�
Proof: Sum of each row of L is 0 because Di,i = ∑n

j=1 Ai,j and
L = D −A

1

2 3

4

(1, 1, . . . , 1)>/
p
n

<latexit sha1_base64="N2Sl+kcW9onidH4F074qItr7/O8=">AAACBXicdVBNSwMxEM36bf2qetRDsAgKpSYi2t6KXjwqWBW6tWTTVIPZZE1mhbL04sW/4sWDIl79D978N2a1goo+GHi8N8PMvChR0gEhb8HQ8Mjo2PjEZGFqemZ2rji/cOxMarlocKOMPY2YE0pq0QAJSpwmVrA4UuIkutzL/ZNrYZ00+gh6iWjF7FzLruQMvNQuLq/RMi2HqmPAlen6WQgm2QjdlYVM99vFEqkQQiilOCd0Z5t4UqtVN2kV09zyKKEBDtrF17BjeBoLDVwx55qUJNDKmAXJlegXwtSJhPFLdi6anmoWC9fKPr7o41WvdHDXWF8a8If6fSJjsXO9OPKdMYML99vLxb+8ZgrdaiuTOklBaP65qJsqDAbnkeCOtIKD6nnCuJX+VswvmGUcfHAFH8LXp/h/crxZoaRCD7dK9d1BHBNoCa2gNUTRDqqjfXSAGoijG3SHHtBjcBvcB0/B82frUDCYWUQ/ELy8AwKbl6s=</latexit><latexit sha1_base64="N2Sl+kcW9onidH4F074qItr7/O8=">AAACBXicdVBNSwMxEM36bf2qetRDsAgKpSYi2t6KXjwqWBW6tWTTVIPZZE1mhbL04sW/4sWDIl79D978N2a1goo+GHi8N8PMvChR0gEhb8HQ8Mjo2PjEZGFqemZ2rji/cOxMarlocKOMPY2YE0pq0QAJSpwmVrA4UuIkutzL/ZNrYZ00+gh6iWjF7FzLruQMvNQuLq/RMi2HqmPAlen6WQgm2QjdlYVM99vFEqkQQiilOCd0Z5t4UqtVN2kV09zyKKEBDtrF17BjeBoLDVwx55qUJNDKmAXJlegXwtSJhPFLdi6anmoWC9fKPr7o41WvdHDXWF8a8If6fSJjsXO9OPKdMYML99vLxb+8ZgrdaiuTOklBaP65qJsqDAbnkeCOtIKD6nnCuJX+VswvmGUcfHAFH8LXp/h/crxZoaRCD7dK9d1BHBNoCa2gNUTRDqqjfXSAGoijG3SHHtBjcBvcB0/B82frUDCYWUQ/ELy8AwKbl6s=</latexit><latexit sha1_base64="N2Sl+kcW9onidH4F074qItr7/O8=">AAACBXicdVBNSwMxEM36bf2qetRDsAgKpSYi2t6KXjwqWBW6tWTTVIPZZE1mhbL04sW/4sWDIl79D978N2a1goo+GHi8N8PMvChR0gEhb8HQ8Mjo2PjEZGFqemZ2rji/cOxMarlocKOMPY2YE0pq0QAJSpwmVrA4UuIkutzL/ZNrYZ00+gh6iWjF7FzLruQMvNQuLq/RMi2HqmPAlen6WQgm2QjdlYVM99vFEqkQQiilOCd0Z5t4UqtVN2kV09zyKKEBDtrF17BjeBoLDVwx55qUJNDKmAXJlegXwtSJhPFLdi6anmoWC9fKPr7o41WvdHDXWF8a8If6fSJjsXO9OPKdMYML99vLxb+8ZgrdaiuTOklBaP65qJsqDAbnkeCOtIKD6nnCuJX+VswvmGUcfHAFH8LXp/h/crxZoaRCD7dK9d1BHBNoCa2gNUTRDqqjfXSAGoijG3SHHtBjcBvcB0/B82frUDCYWUQ/ELy8AwKbl6s=</latexit><latexit sha1_base64="N2Sl+kcW9onidH4F074qItr7/O8=">AAACBXicdVBNSwMxEM36bf2qetRDsAgKpSYi2t6KXjwqWBW6tWTTVIPZZE1mhbL04sW/4sWDIl79D978N2a1goo+GHi8N8PMvChR0gEhb8HQ8Mjo2PjEZGFqemZ2rji/cOxMarlocKOMPY2YE0pq0QAJSpwmVrA4UuIkutzL/ZNrYZ00+gh6iWjF7FzLruQMvNQuLq/RMi2HqmPAlen6WQgm2QjdlYVM99vFEqkQQiilOCd0Z5t4UqtVN2kV09zyKKEBDtrF17BjeBoLDVwx55qUJNDKmAXJlegXwtSJhPFLdi6anmoWC9fKPr7o41WvdHDXWF8a8If6fSJjsXO9OPKdMYML99vLxb+8ZgrdaiuTOklBaP65qJsqDAbnkeCOtIKD6nnCuJX+VswvmGUcfHAFH8LXp/h/crxZoaRCD7dK9d1BHBNoCa2gNUTRDqqjfXSAGoijG3SHHtBjcBvcB0/B82frUDCYWUQ/ELy8AwKbl6s=</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 EMBEDDING

For K > 1 dimensional embedding
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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

• Variance is high

• Almost all connected nodes have same (small value)



Demo
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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 distribution given by p_i \propto D_{i,i}


