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Let X ⇢ Rd be any subset of n points. There exists a map ⇧ : Rd ! Rt, with

t = O(log n/✏2)

such that for any x, y 2 X,

(1� ✏)kx� yk2  k⇧(x)�⇧(y)k2  (1 + ✏)k⇧(x)�⇧(y)k2

Johnson-Lindenstrauss (JL) Lemma ‘84:
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⇧ ⇠ N (0, 1/t)
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⇧(x)

<latexit sha1_base64="S+iKlz9/WNAm43AghZdlGAivAN0="></latexit>

kx� yk2 ⇡1±✏ k⇧(x)�⇧(y)k2



How large does    need to be  
to preserve solution up to            ? 

t
(1 + ✏)

Our Motivating Question:

Computational 
Problem in  

Rd

Computational 
Problem in  

Rt

JL



1-Median
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min
c2Rd

nX

i=1

kxi � ck2
<latexit sha1_base64="Fc05JLkR8BfaMQJobz95BKc3IKI="></latexit>

min
c2{x1,...,xn}

nX

i=1

kxi � ck2

1-Medoid



1-Median
<latexit sha1_base64="6imruJjmqJ/tF7sqObCEhiqgxDY=">AAACH3icbVDLTgIxFO34RHyhLt00EhM3khlC0I0J0Y1LNPJIGJh0SoGGtjNpO0YyzJ+48VfcuNAY446/scAsFDxJk5Nz7s3tOX7IqNK2PbFWVtfWNzYzW9ntnd29/dzBYV0FkcSkhgMWyKaPFGFUkJqmmpFmKAniPiMNf3gz9RuPRCoaiAc9Ckmbo76gPYqRNpKXK7ucCi/G0KUCuhzpge/H90mnm0BXRdyL6ZWTdIw1hk8ehefQTI69opfL2wV7BrhMnJTkQYqql/t2uwGOOBEaM6RUy7FD3Y6R1BQzkmTdSJEQ4SHqk5ahAnGi2vEsXwJPjdKFvUCaJzScqb83YsSVGnHfTE4TqEVvKv7ntSLdu2zHVISRJgLPD/UiBnUAp2XBLpUEazYyBGFJzV8hHiCJsDaVZk0JzmLkZVIvFpxyoXRXyleu0zoy4BicgDPggAtQAbegCmoAg2fwCt7Bh/VivVmf1td8dMVKd47AH1iTH28Roe8=</latexit>

min
c2Rd

nX

i=1

kxi � ck2
<latexit sha1_base64="Fc05JLkR8BfaMQJobz95BKc3IKI="></latexit>

min
c2{x1,...,xn}

nX

i=1

kxi � ck2

1-Medoid



1-Median
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min
c2Rd

nX

i=1

kxi � ck2
<latexit sha1_base64="Fc05JLkR8BfaMQJobz95BKc3IKI="></latexit>

min
c2{x1,...,xn}

nX

i=1

kxi � ck2

1-Medoid

Can we apply JL at all?



1-Median
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min
c2Rd

nX

i=1

kxi � ck2
<latexit sha1_base64="Fc05JLkR8BfaMQJobz95BKc3IKI="></latexit>

min
c2{x1,...,xn}

nX

i=1

kxi � ck2

1-Medoid

Can we apply JL at all?
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⇥(log n/✏2)



1-Median
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min
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nX

i=1

kxi � ck2
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min
c2{x1,...,xn}

nX

i=1

kxi � ck2

1-Medoid

Can we apply JL at all?
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⇥(log n/✏2)
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⇥̃(1/✏2)



1-Subspace Approximation 1-Column Subset Selection
<latexit sha1_base64="fqarpUwZOwJaC8wvQZoXRIo/Xm0="></latexit>

min
S⇢Rd

dimS1

nX

i=1

kxi � ⇢S(xi)k2

<latexit sha1_base64="IABhoWCc8XHR4j1SXZWVbJrg/fA="></latexit>

min
S⇢Rd

S=span(xj)

nX

i=1

kxi � ⇢S(xi)k2
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min
S⇢Rd

dimS1

nX

i=1

kxi � ⇢S(xi)k2
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min
S⇢Rd

S=span(xj)

nX

i=1

kxi � ⇢S(xi)k2

1-Subspace Approximation 1-Column Subset Selection
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⇥(log n/✏2)
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min
S⇢Rd

dimS1

nX

i=1

kxi � ⇢S(xi)k2
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min
S⇢Rd

S=span(xj)

nX

i=1

kxi � ⇢S(xi)k2

1-Subspace Approximation 1-Column Subset Selection
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Õ(1/✏3)



Talk Outline:

• Problems we will study 
• Prior work 

• Techniques 

• Open Problems  



Talk Outline:

• Problems we will study 
• Prior work 

• Techniques 

• Open Problems  

Conceptual Take-away:
Use algorithms for constructing coresets 

in order to analyze the JL transform.



(k, z)-Clustering :

Input: X = {x1, . . . , xn} ⇢ Rd, k 2 N, z � 1

Objective: min
c1,...,ck2Rd

 
nX

i=1

min
j2[k]

kxi � cjkz2

!1/z

z = 1: k-median 
z = 2: k-mean 
z =     : k-center1



(k, z)-Clustering :

Input: X = {x1, . . . , xn} ⇢ Rd, k 2 N, z � 1

Objective: min
c1,...,ck2Rd

 
nX

i=1

min
j2[k]

kxi � cjkz2

!1/z

z = 1: k-median 
z = 2: k-mean 
z =     : k-center1

<latexit sha1_base64="kDUdcaym+HAXbv+FIgZG/vdASQM="></latexit>

min
y1,...,yk2Rt

 
nX

i=1

min
j2[k]

k⇧(xi)� yjkz2

!1/z



(k, z)-Subspace Approximation:

Input: X = {x1, . . . , xn} ⇢ Rd, k 2 N, z � 1

Objective: min
S⇢Rd

dimSk

 
nX

i=1

kxi � ⇢S(xi)kz2

!1/z

z = 2: low-rank approx 
z =     : radii/width of points1



(k, z)-Subspace Approximation:

Input: X = {x1, . . . , xn} ⇢ Rd, k 2 N, z � 1

Objective: min
S⇢Rd

dimSk

 
nX

i=1

kxi � ⇢S(xi)kz2

!1/z

z = 2: low-rank approx 
z =     : radii/width of points1

<latexit sha1_base64="p3iP9B8STCD0JGogDnqYPpBTSkM="></latexit>

min
T⇢Rt

dimTk

 
nX

i=1

k⇧(xi)� ⇢T (⇧(xi))kz2

!1/z



<latexit sha1_base64="wgaYB7zLy+eWugtwetRBpJvQ/rc="></latexit>

Input: X = {x1, . . . , xn} ⇢ Rd, k 2 N, z � 1

Objective: min
`1,...,`k

lines in Rt

 
nX

i=1

min
j2[k]

kxi � ⇢`j (xi)kz2

!1/z

<latexit sha1_base64="4BNTSmnNY7KPPOSWKMSvQ6GE0VM=">AAACC3icbVDLTgIxFO3gC/E16tJNA5hgomTGEDWuUDcuXGAijwQmpFMKNHRmmrZjwAl7N/6KGxca49YfcOffWIZZKHiSJifnnnt773E5o1JZ1reRWlhcWl5Jr2bW1jc2t8ztnZoMQoFJFQcsEA0XScKoT6qKKkYaXBDkuYzU3cHVpF6/J0LSwL9TI04cD/V82qUYKS21zWxLkaGK8oXB4cNB/uhGj4EXnItgSL3Ycj5umzmraM WA88ROSA4kqLTNr1YnwKFHfIUZkrJpW1w5ERKKYkbGmVYoCUd4gHqkqamPPCKdKL5lDPe10oHdQOjnKxirvzsi5Ek58lzt1Av25WxtIv5Xa4aqe+ZE1OehIj6eftQNGVQBnAQDO1QQrNhIE4QF1btC3EcCYaXjy+gQ7NmT50ntuGifFEu3pVz5MokjDfZAFhSADU5BGVyDCqgCDB7BM3gFb8aT8WK8Gx9Ta8pIenbBHxifP8KVmkU=</latexit>

(k, z)-Line Approximation:



<latexit sha1_base64="wgaYB7zLy+eWugtwetRBpJvQ/rc="></latexit>

Input: X = {x1, . . . , xn} ⇢ Rd, k 2 N, z � 1

Objective: min
`1,...,`k

lines in Rt

 
nX

i=1

min
j2[k]

kxi � ⇢`j (xi)kz2

!1/z

<latexit sha1_base64="4BNTSmnNY7KPPOSWKMSvQ6GE0VM=">AAACC3icbVDLTgIxFO3gC/E16tJNA5hgomTGEDWuUDcuXGAijwQmpFMKNHRmmrZjwAl7N/6KGxca49YfcOffWIZZKHiSJifnnnt773E5o1JZ1reRWlhcWl5Jr2bW1jc2t8ztnZoMQoFJFQcsEA0XScKoT6qKKkYaXBDkuYzU3cHVpF6/J0LSwL9TI04cD/V82qUYKS21zWxLkaGK8oXB4cNB/uhGj4EXnItgSL3Ycj5umzmraM WA88ROSA4kqLTNr1YnwKFHfIUZkrJpW1w5ERKKYkbGmVYoCUd4gHqkqamPPCKdKL5lDPe10oHdQOjnKxirvzsi5Ek58lzt1Av25WxtIv5Xa4aqe+ZE1OehIj6eftQNGVQBnAQDO1QQrNhIE4QF1btC3EcCYaXjy+gQ7NmT50ntuGifFEu3pVz5MokjDfZAFhSADU5BGVyDCqgCDB7BM3gFb8aT8WK8Gx9Ta8pIenbBHxifP8KVmkU=</latexit>

(k, z)-Line Approximation:

Projective 
Clustering



Prior Work:

<latexit sha1_base64="bGqzW+EbLBpzgZdAaRU5tY/DOys=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUBshaGMZ0cRAcoS9zVyyZG/v2N0TYshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53cyura+kZ+s7C1vbO7V9w/aOo4VQwbLBaxagVUo+ASG4Ybga1EIY0CgQ/B8HrqPzyi0jyW92aUoB/RvuQhZ9RY6e7pstItltyyOwNZJl5GSpCh3i1+dXoxSyOUhgmqddtzE+OPqTKcCZwUOqnGhLIh7WPbUkkj1P54duqEnFilR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya88MdcJqlByeaLwlQQE5Pp36THFTIjRpZQpri9lbABVZQZm07BhuAtvrxMmpWyd1au3lZLtassjjwcwTGcggfnUIMbqEMDGPThGV7hzRHOi/PufMxbc042cwh/4Hz+AN91jYo=</latexit>

z = 2
<latexit sha1_base64="G1t9N0gc7oILX84+fKTUpcxJUl8=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUY9BD3qMYB6QhDA76SRDZmeXmd5gXPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSyFQc/7dnIrq2vrG/nNwtb2zu6eu39QM1GiOVR5JCPdCJgBKRRUUaCERqyBhYGEejC8mfr1EWgjIvWA4xjaIesr0ROcoZU6rttCeMT0FhRoJunkqeMWvZI3A10mfkaKJEOl4361uhFPQlDIJTOm6XsxtlOmUXAJk0IrMRAzPmR9aFqqWAimnc4un9ATq3RpL9K2FNKZ+nsiZaEx4zCwnSHDgVn0puJ/XjPB3lU7FSpOEBSfL+olkmJEpzHQrtDAUY4tYVwLeyvlA6YZRxtWwYbgL768TGpnJf+idH5/XixfZ3HkyRE5JqfEJ5ekTO5IhVQJJyPyTF7Jm5M6L8678zFvzTnZzCH5A+fzB8pOk8U=</latexit>

General z



Prior Work:

<latexit sha1_base64="bGqzW+EbLBpzgZdAaRU5tY/DOys=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUBshaGMZ0cRAcoS9zVyyZG/v2N0TYshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53cyura+kZ+s7C1vbO7V9w/aOo4VQwbLBaxagVUo+ASG4Ybga1EIY0CgQ/B8HrqPzyi0jyW92aUoB/RvuQhZ9RY6e7pstItltyyOwNZJl5GSpCh3i1+dXoxSyOUhgmqddtzE+OPqTKcCZwUOqnGhLIh7WPbUkkj1P54duqEnFilR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya88MdcJqlByeaLwlQQE5Pp36THFTIjRpZQpri9lbABVZQZm07BhuAtvrxMmpWyd1au3lZLtassjjwcwTGcggfnUIMbqEMDGPThGV7hzRHOi/PufMxbc042cwh/4Hz+AN91jYo=</latexit>

z = 2
<latexit sha1_base64="G1t9N0gc7oILX84+fKTUpcxJUl8=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUY9BD3qMYB6QhDA76SRDZmeXmd5gXPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSyFQc/7dnIrq2vrG/nNwtb2zu6eu39QM1GiOVR5JCPdCJgBKRRUUaCERqyBhYGEejC8mfr1EWgjIvWA4xjaIesr0ROcoZU6rttCeMT0FhRoJunkqeMWvZI3A10mfkaKJEOl4361uhFPQlDIJTOm6XsxtlOmUXAJk0IrMRAzPmR9aFqqWAimnc4un9ATq3RpL9K2FNKZ+nsiZaEx4zCwnSHDgVn0puJ/XjPB3lU7FSpOEBSfL+olkmJEpzHQrtDAUY4tYVwLeyvlA6YZRxtWwYbgL768TGpnJf+idH5/XixfZ3HkyRE5JqfEJ5ekTO5IhVQJJyPyTF7Jm5M6L8678zFvzTnZzCH5A+fzB8pOk8U=</latexit>

General z

k-Means: 
• [Bousidis, Zouzias, Drineas ’10]  
• [Cohen, Elder, Musco, Musco, Persu ’15] 
• [Beccheti, Bury, Cohen-Added, Grandoni, Schwiegelshohn ’19] 
• [Makarychev, Makarychev, Razenshteyn ’19]  

Low-Rank Approx: 
• [Cohen, Elder, Musco, Musco, Persu ’15] O(k/✏2)

O(log(k/✏)/✏2)



Prior Work:

<latexit sha1_base64="bGqzW+EbLBpzgZdAaRU5tY/DOys=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUBshaGMZ0cRAcoS9zVyyZG/v2N0TYshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53cyura+kZ+s7C1vbO7V9w/aOo4VQwbLBaxagVUo+ASG4Ybga1EIY0CgQ/B8HrqPzyi0jyW92aUoB/RvuQhZ9RY6e7pstItltyyOwNZJl5GSpCh3i1+dXoxSyOUhgmqddtzE+OPqTKcCZwUOqnGhLIh7WPbUkkj1P54duqEnFilR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya88MdcJqlByeaLwlQQE5Pp36THFTIjRpZQpri9lbABVZQZm07BhuAtvrxMmpWyd1au3lZLtassjjwcwTGcggfnUIMbqEMDGPThGV7hzRHOi/PufMxbc042cwh/4Hz+AN91jYo=</latexit>

z = 2
<latexit sha1_base64="G1t9N0gc7oILX84+fKTUpcxJUl8=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUY9BD3qMYB6QhDA76SRDZmeXmd5gXPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSyFQc/7dnIrq2vrG/nNwtb2zu6eu39QM1GiOVR5JCPdCJgBKRRUUaCERqyBhYGEejC8mfr1EWgjIvWA4xjaIesr0ROcoZU6rttCeMT0FhRoJunkqeMWvZI3A10mfkaKJEOl4361uhFPQlDIJTOm6XsxtlOmUXAJk0IrMRAzPmR9aFqqWAimnc4un9ATq3RpL9K2FNKZ+nsiZaEx4zCwnSHDgVn0puJ/XjPB3lU7FSpOEBSfL+olkmJEpzHQrtDAUY4tYVwLeyvlA6YZRxtWwYbgL768TGpnJf+idH5/XixfZ3HkyRE5JqfEJ5ekTO5IhVQJJyPyTF7Jm5M6L8678zFvzTnZzCH5A+fzB8pOk8U=</latexit>

General z

k-Means: 
• [Bousidis, Zouzias, Drineas ’10]  
• [Cohen, Elder, Musco, Musco, Persu ’15] 
• [Beccheti, Bury, Cohen-Added, Grandoni, Schwiegelshohn ’19] 
• [Makarychev, Makarychev, Razenshteyn ’19]  

Low-Rank Approx: 
• [Cohen, Elder, Musco, Musco, Persu ’15] 

(k,z)-Clustering: 
• [Makarychev, Makarychev, Razenstheyn ’19] 

(k,z)-Subspace Approx: 
• [Kerber, Raghvendra ’15]O(k/✏2)

<latexit sha1_base64="2MYOvVrtkWpR+MnfJOp3Gqf+6L4="></latexit>

O

✓
log k + z log(1/✏) + z

2

✏2

◆

<latexit sha1_base64="i6fZCxwZFLZrHeULtVfa18RF9ZI=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKUpJSAWMFCxtFog+pSSvHdVqrjh3ZDlKJOrDwKywMIMTKR7DxN7iPAVqOdKWjc+7VvfcEMaNKO863tbS8srq2ntnIbm5t7+zae/t1JRKJSQ0LJmQzQIowyklNU81IM5YERQEjjWBwNfYb90QqKvidHsbEj1CP05BipI3UsXM3hYdBuwQ9JnqQwxPokVhRJnj79Lhj552iMwFcJO6M5MEM1Y795XUFTiLCNWZIqZbrxNpPkdQUMzLKeokiMcID1CMtQzmKiPLTyRMjeGSULgyFNMU1nKi/J1IUKTWMAtMZId1X895Y/M9rJTq88FPK40QTjqeLwoRBLeA4EdilkmDNhoYgLKm5FeI+kghrk1vWhODOv7xI6qWie1Ys35bzlctZHBmQA4egAFxwDirgGlRBDWDwCJ7BK3iznqwX6936mLYuWbOZA/AH1ucPE9mWeQ==</latexit>

O(zk2 log n/✏3)

O(log(k/✏)/✏2)



Prior Work:

<latexit sha1_base64="bGqzW+EbLBpzgZdAaRU5tY/DOys=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUBshaGMZ0cRAcoS9zVyyZG/v2N0TYshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53cyura+kZ+s7C1vbO7V9w/aOo4VQwbLBaxagVUo+ASG4Ybga1EIY0CgQ/B8HrqPzyi0jyW92aUoB/RvuQhZ9RY6e7pstItltyyOwNZJl5GSpCh3i1+dXoxSyOUhgmqddtzE+OPqTKcCZwUOqnGhLIh7WPbUkkj1P54duqEnFilR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya88MdcJqlByeaLwlQQE5Pp36THFTIjRpZQpri9lbABVZQZm07BhuAtvrxMmpWyd1au3lZLtassjjwcwTGcggfnUIMbqEMDGPThGV7hzRHOi/PufMxbc042cwh/4Hz+AN91jYo=</latexit>

z = 2
<latexit sha1_base64="G1t9N0gc7oILX84+fKTUpcxJUl8=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUY9BD3qMYB6QhDA76SRDZmeXmd5gXPInXjwo4tU/8ebfOEn2oIkFDUVVN91dQSyFQc/7dnIrq2vrG/nNwtb2zu6eu39QM1GiOVR5JCPdCJgBKRRUUaCERqyBhYGEejC8mfr1EWgjIvWA4xjaIesr0ROcoZU6rttCeMT0FhRoJunkqeMWvZI3A10mfkaKJEOl4361uhFPQlDIJTOm6XsxtlOmUXAJk0IrMRAzPmR9aFqqWAimnc4un9ATq3RpL9K2FNKZ+nsiZaEx4zCwnSHDgVn0puJ/XjPB3lU7FSpOEBSfL+olkmJEpzHQrtDAUY4tYVwLeyvlA6YZRxtWwYbgL768TGpnJf+idH5/XixfZ3HkyRE5JqfEJ5ekTO5IhVQJJyPyTF7Jm5M6L8678zFvzTnZzCH5A+fzB8pOk8U=</latexit>

General z

k-Means: 
• [Bousidis, Zouzias, Drineas ’10]  
• [Cohen, Elder, Musco, Musco, Persu ’15] 
• [Beccheti, Bury, Cohen-Added, Grandoni, Schwiegelshohn ’19] 
• [Makarychev, Makarychev, Razenshteyn ’19]  

Low-Rank Approx: 
• [Cohen, Elder, Musco, Musco, Persu ’15] 

(k,z)-Clustering: 
• [Makarychev, Makarychev, Razenstheyn ’19] 

(k,z)-Subspace Approx: 
• [Kerber, Raghvendra ’15]O(k/✏2)

<latexit sha1_base64="2MYOvVrtkWpR+MnfJOp3Gqf+6L4="></latexit>

O

✓
log k + z log(1/✏) + z

2

✏2

◆

<latexit sha1_base64="i6fZCxwZFLZrHeULtVfa18RF9ZI=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKUpJSAWMFCxtFog+pSSvHdVqrjh3ZDlKJOrDwKywMIMTKR7DxN7iPAVqOdKWjc+7VvfcEMaNKO863tbS8srq2ntnIbm5t7+zae/t1JRKJSQ0LJmQzQIowyklNU81IM5YERQEjjWBwNfYb90QqKvidHsbEj1CP05BipI3UsXM3hYdBuwQ9JnqQwxPokVhRJnj79Lhj552iMwFcJO6M5MEM1Y795XUFTiLCNWZIqZbrxNpPkdQUMzLKeokiMcID1CMtQzmKiPLTyRMjeGSULgyFNMU1nKi/J1IUKTWMAtMZId1X895Y/M9rJTq88FPK40QTjqeLwoRBLeA4EdilkmDNhoYgLKm5FeI+kghrk1vWhODOv7xI6qWie1Ys35bzlctZHBmQA4egAFxwDirgGlRBDWDwCJ7BK3iznqwX6936mLYuWbOZA/AH1ucPE9mWeQ==</latexit>

O(zk2 log n/✏3)

O(log(k/✏)/✏2)

(k, z)-Clustering :

(k, z)-Subspace Approximation:

t = O

✓
log k + z log(1/✏)

✏2

◆

t = Õ

✓
zk

2

✏3

◆

<latexit sha1_base64="4BNTSmnNY7KPPOSWKMSvQ6GE0VM=">AAACC3icbVDLTgIxFO3gC/E16tJNA5hgomTGEDWuUDcuXGAijwQmpFMKNHRmmrZjwAl7N/6KGxca49YfcOffWIZZKHiSJifnnnt773E5o1JZ1reRWlhcWl5Jr2bW1jc2t8ztnZoMQoFJFQcsEA0XScKoT6qKKkYaXBDkuYzU3cHVpF6/J0LSwL9TI04cD/V82qUYKS21zWxLkaGK8oXB4cNB/uhGj4EXnItgSL3Ycj5umzmraMWA88ROSA4kqLTNr1YnwKFHfIUZkrJpW1w5ERKKYkbGmVYoCUd4gHqkqamPPCKdKL5lDPe10oHdQOjnKxirvzsi5Ek58lzt1Av25WxtIv5Xa4aqe+ZE1OehIj6eftQNGVQBnAQDO1QQrNhIE4QF1btC3EcCYaXjy+gQ7NmT50ntuGifFEu3pVz5MokjDfZAFhSADU5BGVyDCqgCDB7BM3gFb8aT8WK8Gx9Ta8pIenbBHxifP8KVmkU=</latexit>

(k, z)-Line Approximation:

<latexit sha1_base64="ae0ZfKBFgom5+h8zRiuKodcgAcE="></latexit>

t = Õ

✓
k log log n+ z + log(1/✏)

✏3

◆



Talk Outline:

• Problems we will study 
• Prior work 

• Techniques
• Coresets to JL

• Open Problems  



Example: 1-Median

<latexit sha1_base64="3OACT5769wIza0kpbTq76uxDThM="></latexit>

Input: X = {x1, . . . , xn} in Rd

<latexit sha1_base64="PQ0Neo+tFGt0+6awkwj4KhgYaeo="></latexit>

Objective: min
c2Rd

nX

i=1

kxi � ck2

Question:

<latexit sha1_base64="Y5a4D/zV+Q3IYK2hQT2bfXRK9Io=">AAACDnicbVDJSgNBEO2JW4zbqEcvjSHgKcyIqMegFxGFiGaBTAg9nUrSpGehu0YMQ77Ai7/ixYMiXj1782/sLAdNfND0470qqur5sRQaHefbyiwsLi2vZFdza+sbm1v29k5VR4niUOGRjFTdZxqkCKGCAiXUYwUs8CXU/P75yK/dg9IiCu9wEEMzYN1QdARnaKSWXfAQHjC9ZUEsgV5e0WsW06HnR7KtB4H5Uq8shi077xSdMeg8cackT6Yot+wvrx3xJIAQuWRaN1wnxmbKFAouYZjzEg0x433WhYahIQtAN9PxOUNaMEqbdiJlXoh0rP7uSFmgR8uZyoBhT896I/E/r5Fg57SZijBOEEI+GdRJJMWIjrKhbaGAoxwYwrgSZlfKe0wxjibBnAnBnT15nlQPi+5x8ejmKF86m8aRJXtknxwQl5yQErkgZVIhnDySZ/JK3qwn68V6tz4mpRlr2rNL/sD6/AFfBZxV</latexit>

Sample JL Map ⇧

<latexit sha1_base64="Vch/tw0e6+yhWqy6FKhS24yAA6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsK9gFNKJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WM8EixiBGsjDW3bCxIeqllsrtxrs/nQrjsNZwG0TtyS1KFEe2h/eWFCspgKTThWauA6qfZzLDUjnM5rXqZoiskEj+jAUIFjqvx8kXyOLowSoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmo1s/ZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyaqYEd/XL66R71XCvG83HZr11V9ZRhTM4h0tw4QZa8ABt6ACBKTzDK7xZufVivVsfy9GKVe6cwh9Ynz8R35P0</latexit>

⇧

<latexit sha1_base64="ioAuxZshSXYnBw8NV02XWuCKJmc="></latexit>

min
y2Rt

nX

i=1

k⇧(xi)� yk2

<latexit sha1_base64="+XpfpThBLrgbbfHqddVu2aTMA/s=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDS6rtftapX6Tx1GEEziFcwjgCupwBw1oAoExPMMrvHnKe/HevY9Fa8HLZ47hD7zPH5ZQj78=</latexit> ⇡ ?<latexit sha1_base64="ZTmvX+K2iUfRQnp96hdXTIFAwuI=">AAACBnicbVDLSgNBEJz1bXytehRhMAjxEndF1KPoxWOEvCC7htlJxwzOzi4zvUJYcvLir3jxoIhXv8Gbf+PkcdBoQUNR1U13V5RKYdDzvpyZ2bn5hcWl5cLK6tr6hru5VTdJpjnUeCIT3YyYASkU1FCghGaqgcWRhEZ0dzn0G/egjUhUFfsphDG7VaIrOEMrtd3dAIXsQB5Ue4BsUPIPaQCpETJRN0cHbbfolb0R6F/iT0iRTFBpu59BJ+FZDAq5ZMa0fC/FMGcaBZcwKASZgZTxO3YLLUsVi8GE+eiNAd23Sod2E21LIR2pPydyFhvTjyPbGTPsmWlvKP7ntTLsnoW5UGmGoPh4UTeTFBM6zIR2hAaOsm8J41rYWynvMc042uQKNgR/+uW/pH5U9k/Kx9fHxfOLSRxLZIfskRLxySk5J1ekQmqEkwfyRF7Iq/PoPDtvzvu4dcaZzGyTX3A+vgEjJphF</latexit>

⇥̃(1/✏2)
<latexit sha1_base64="B8tx23naEyrBfhGCpbMo+ld2Vus=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxC3dREirosunFZwT6gCWUynbRDJzPDzEQIobjxV9y4UMStX+HOv3HSZqHVAxcO59zLvfeEghKlXffLKi0tr6yuldcrG5tb2zv27l5H8UQi3EacctkLocKUMNzWRFPcExLDOKS4G06uc797j6UinN3pVOAghiNGIoKgNtLAPvBjqMcyzgSn6bTmnfpYKEI5OxnYVbfuzuD8JV5BqqBAa2B/+kOOkhgzjShUqu+5QgcZlJogiqcVP1FYQDSBI9w3lMEYqyCbvTB1jo0ydCIuTTHtzNSfExmMlUrj0HTmB6tFLxf/8/qJji6DjDCRaMzQfFGUUEdzJ8/DGRKJkaapIRBJYm510BhKiLRJrWJC8BZf/ks6Z3XvvN64bVSbV0UcZXAIjkANeOACNMENaIE2QOABPIEX8Go9Ws/Wm/U+by1Zxcw++AXr4xs/kJdW</latexit>

poly(1/✏)



Example: 1-Median — Easy Direction

<latexit sha1_base64="Vch/tw0e6+yhWqy6FKhS24yAA6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsK9gFNKJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WM8EixiBGsjDW3bCxIeqllsrtxrs/nQrjsNZwG0TtyS1KFEe2h/eWFCspgKTThWauA6qfZzLDUjnM5rXqZoiskEj+jAUIFjqvx8kXyOLowSoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmo1s/ZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyaqYEd/XL66R71XCvG83HZr11V9ZRhTM4h0tw4QZa8ABt6ACBKTzDK7xZufVivVsfy9GKVe6cwh9Ynz8R35P0</latexit>

⇧

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt



Example: 1-Median — Easy Direction

<latexit sha1_base64="Vch/tw0e6+yhWqy6FKhS24yAA6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsK9gFNKJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WM8EixiBGsjDW3bCxIeqllsrtxrs/nQrjsNZwG0TtyS1KFEe2h/eWFCspgKTThWauA6qfZzLDUjnM5rXqZoiskEj+jAUIFjqvx8kXyOLowSoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmo1s/ZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyaqYEd/XL66R71XCvG83HZr11V9ZRhTM4h0tw4QZa8ABt6ACBKTzDK7xZufVivVsfy9GKVe6cwh9Ynz8R35P0</latexit>

⇧

Cost in  
original space

Cost in  
projected space

<latexit sha1_base64="G7JMbRFN2GtGNhEaMtVvfLp+bRA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMQUY5E</latexit>�
<latexit sha1_base64="QTWOPetvUKFHAU2fXBFjq4vf4sc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCRSiJFPVY9OKxgv2AJpTNdtou3WzC7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3C2vrG5lZxu7Szu7d/YB8etVWUSAotGvFIdgOigDMBLc00h24sgYQBh04wuZ35nUeQikXiQacx+CEZCTZklGgj9e2yp1kIClfdcw9ixXgkzvp2xak5c+BV4uakgnI0+/aXN4hoEoLQlBOleq4Taz8jUjPKYVryEgUxoRMygp6hgpiNfjY/fopPjTLAw0iaEhrP1d8TGQmVSsPAdIZEj9WyNxP/83qJHl77GRNxokHQxaJhwrGO8CwJPGASqOapIYRKZm7FdEwkodrkVTIhuMsvr5L2Rc29rNXv65XGTR5HER2jE1RFLrpCDXSHmqiFKErRM3pFb9aT9WK9Wx+L1oKVz5TRH1ifP41QlBM=</latexit>

⇥(1 + ✏)

Claim: As long as               , cost does not increase: 
<latexit sha1_base64="2xeVlrv2B7Cub3ZQnJvBcSqjaL8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNS1GPRi8cK9gOaWDbbSbt0s4m7G6GE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR9dRvP4JULBZ3epyAH5GBYCGjRBupZ5c09gbwgN0zDxLFeCzuqz277FScGfAycXNSRjkaPfvL68c0jUBoyolSXddJtJ8RqRnlMCl6qYKE0BEZQNdQQSJQfjY7foJPjNLHYSxNCY1n6u+JjERKjaPAdEZED9WiNxX/87qpDi/9jIkk1SDofFGYcqxjPE0C95kEqvnYEEIlM7diOiSSUG3yKpoQ3MWXl0mrWnHPK7XbWrl+lcdRQEfoGJ0iF12gOrpBDdREFI3RM3pFb9aT9WK9Wx/z1hUrnymhP7A+fwB1cJQF</latexit>

t � 1/✏2

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt



Example: 1-Median — Easy Direction

Cost in  
original space

Cost in  
projected space

<latexit sha1_base64="G7JMbRFN2GtGNhEaMtVvfLp+bRA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMQUY5E</latexit>�
<latexit sha1_base64="QTWOPetvUKFHAU2fXBFjq4vf4sc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCRSiJFPVY9OKxgv2AJpTNdtou3WzC7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3C2vrG5lZxu7Szu7d/YB8etVWUSAotGvFIdgOigDMBLc00h24sgYQBh04wuZ35nUeQikXiQacx+CEZCTZklGgj9e2yp1kIClfdcw9ixXgkzvp2xak5c+BV4uakgnI0+/aXN4hoEoLQlBOleq4Taz8jUjPKYVryEgUxoRMygp6hgpiNfjY/fopPjTLAw0iaEhrP1d8TGQmVSsPAdIZEj9WyNxP/83qJHl77GRNxokHQxaJhwrGO8CwJPGASqOapIYRKZm7FdEwkodrkVTIhuMsvr5L2Rc29rNXv65XGTR5HER2jE1RFLrpCDXSHmqiFKErRM3pFb9aT9WK9Wx+L1oKVz5TRH1ifP41QlBM=</latexit>

⇥(1 + ✏)

<latexit sha1_base64="2xeVlrv2B7Cub3ZQnJvBcSqjaL8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNS1GPRi8cK9gOaWDbbSbt0s4m7G6GE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR9dRvP4JULBZ3epyAH5GBYCGjRBupZ5c09gbwgN0zDxLFeCzuqz277FScGfAycXNSRjkaPfvL68c0jUBoyolSXddJtJ8RqRnlMCl6qYKE0BEZQNdQQSJQfjY7foJPjNLHYSxNCY1n6u+JjERKjaPAdEZED9WiNxX/87qpDi/9jIkk1SDofFGYcqxjPE0C95kEqvnYEEIlM7diOiSSUG3yKpoQ3MWXl0mrWnHPK7XbWrl+lcdRQEfoGJ0iF12gOrpBDdREFI3RM3pFb9aT9WK9Wx/z1hUrnymhP7A+fwB1cJQF</latexit>

t � 1/✏2

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

Claim: As long as               , cost does not increase: 



Example: 1-Median — Easy Direction

Cost in  
original space

Cost in  
projected space

<latexit sha1_base64="G7JMbRFN2GtGNhEaMtVvfLp+bRA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMQUY5E</latexit>�
<latexit sha1_base64="QTWOPetvUKFHAU2fXBFjq4vf4sc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCRSiJFPVY9OKxgv2AJpTNdtou3WzC7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3C2vrG5lZxu7Szu7d/YB8etVWUSAotGvFIdgOigDMBLc00h24sgYQBh04wuZ35nUeQikXiQacx+CEZCTZklGgj9e2yp1kIClfdcw9ixXgkzvp2xak5c+BV4uakgnI0+/aXN4hoEoLQlBOleq4Taz8jUjPKYVryEgUxoRMygp6hgpiNfjY/fopPjTLAw0iaEhrP1d8TGQmVSsPAdIZEj9WyNxP/83qJHl77GRNxokHQxaJhwrGO8CwJPGASqOapIYRKZm7FdEwkodrkVTIhuMsvr5L2Rc29rNXv65XGTR5HER2jE1RFLrpCDXSHmqiFKErRM3pFb9aT9WK9Wx+L1oKVz5TRH1ifP41QlBM=</latexit>

⇥(1 + ✏)

<latexit sha1_base64="2xeVlrv2B7Cub3ZQnJvBcSqjaL8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNS1GPRi8cK9gOaWDbbSbt0s4m7G6GE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR9dRvP4JULBZ3epyAH5GBYCGjRBupZ5c09gbwgN0zDxLFeCzuqz277FScGfAycXNSRjkaPfvL68c0jUBoyolSXddJtJ8RqRnlMCl6qYKE0BEZQNdQQSJQfjY7foJPjNLHYSxNCY1n6u+JjERKjaPAdEZED9WiNxX/87qpDi/9jIkk1SDofFGYcqxjPE0C95kEqvnYEEIlM7diOiSSUG3yKpoQ3MWXl0mrWnHPK7XbWrl+lcdRQEfoGJ0iF12gOrpBDdREFI3RM3pFb9aT9WK9Wx/z1hUrnymhP7A+fwB1cJQF</latexit>

t � 1/✏2

<latexit sha1_base64="mh6FVghZr7BK0JLJpXJeO2TkwtE=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLshqI0QtLGMYB6QXZfZyWwyZGZ2mZkVwyaFjb9iY6GIrR9h5984eRSaeODC4Zx7ufeeMGFUacf5tpaWV1bX1nMb+c2t7Z1de2+/oeJUYlLHMYtlK0SKMCpIXVPNSCuRBPGQkWbYvxr7zXsiFY3FrR4kxOeoK2hEMdJGCuyCp1IeZPTCHd0J6A3hQ0DhCcTeMCgHdtEpORPAReLOSBHMUAvsL68T45QToTFDSrVdJ9F+hqSmmJFR3ksVSRDuoy5pGyoQJ8rPJk+M4JFROjCKpSmh4UT9PZEhrtSAh6aTI91T895Y/M9rpzo69zMqklQTgaeLopRBHcNxIrBDJcGaDQxBWFJzK8Q9JBHWJre8CcGdf3mRNMol97RUuakUq5ezOHKgAA7BMXDBGaiCa1ADdYDBI3gGr+DNerJerHfrY9q6ZM1mDsAfWJ8/7fOW/g==</latexit> nX

i=1

kxi � ck2

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit> =
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

Claim: As long as               , cost does not increase: 



Example: 1-Median — Easy Direction

<latexit sha1_base64="Vch/tw0e6+yhWqy6FKhS24yAA6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsK9gFNKJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WM8EixiBGsjDW3bCxIeqllsrtxrs/nQrjsNZwG0TtyS1KFEe2h/eWFCspgKTThWauA6qfZzLDUjnM5rXqZoiskEj+jAUIFjqvx8kXyOLowSoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmo1s/ZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyaqYEd/XL66R71XCvG83HZr11V9ZRhTM4h0tw4QZa8ABt6ACBKTzDK7xZufVivVsfy9GKVe6cwh9Ynz8R35P0</latexit>

⇧

Cost in  
original space

Cost in  
projected space

<latexit sha1_base64="G7JMbRFN2GtGNhEaMtVvfLp+bRA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMQUY5E</latexit>�
<latexit sha1_base64="QTWOPetvUKFHAU2fXBFjq4vf4sc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCRSiJFPVY9OKxgv2AJpTNdtou3WzC7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3C2vrG5lZxu7Szu7d/YB8etVWUSAotGvFIdgOigDMBLc00h24sgYQBh04wuZ35nUeQikXiQacx+CEZCTZklGgj9e2yp1kIClfdcw9ixXgkzvp2xak5c+BV4uakgnI0+/aXN4hoEoLQlBOleq4Taz8jUjPKYVryEgUxoRMygp6hgpiNfjY/fopPjTLAw0iaEhrP1d8TGQmVSsPAdIZEj9WyNxP/83qJHl77GRNxokHQxaJhwrGO8CwJPGASqOapIYRKZm7FdEwkodrkVTIhuMsvr5L2Rc29rNXv65XGTR5HER2jE1RFLrpCDXSHmqiFKErRM3pFb9aT9WK9Wx+L1oKVz5TRH1ifP41QlBM=</latexit>

⇥(1 + ✏)

<latexit sha1_base64="2xeVlrv2B7Cub3ZQnJvBcSqjaL8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNS1GPRi8cK9gOaWDbbSbt0s4m7G6GE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR9dRvP4JULBZ3epyAH5GBYCGjRBupZ5c09gbwgN0zDxLFeCzuqz277FScGfAycXNSRjkaPfvL68c0jUBoyolSXddJtJ8RqRnlMCl6qYKE0BEZQNdQQSJQfjY7foJPjNLHYSxNCY1n6u+JjERKjaPAdEZED9WiNxX/87qpDi/9jIkk1SDofFGYcqxjPE0C95kEqvnYEEIlM7diOiSSUG3yKpoQ3MWXl0mrWnHPK7XbWrl+lcdRQEfoGJ0iF12gOrpBDdREFI3RM3pFb9aT9WK9Wx/z1hUrnymhP7A+fwB1cJQF</latexit>

t � 1/✏2

<latexit sha1_base64="mh6FVghZr7BK0JLJpXJeO2TkwtE=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLshqI0QtLGMYB6QXZfZyWwyZGZ2mZkVwyaFjb9iY6GIrR9h5984eRSaeODC4Zx7ufeeMGFUacf5tpaWV1bX1nMb+c2t7Z1de2+/oeJUYlLHMYtlK0SKMCpIXVPNSCuRBPGQkWbYvxr7zXsiFY3FrR4kxOeoK2hEMdJGCuyCp1IeZPTCHd0J6A3hQ0DhCcTeMCgHdtEpORPAReLOSBHMUAvsL68T45QToTFDSrVdJ9F+hqSmmJFR3ksVSRDuoy5pGyoQJ8rPJk+M4JFROjCKpSmh4UT9PZEhrtSAh6aTI91T895Y/M9rpzo69zMqklQTgaeLopRBHcNxIrBDJcGaDQxBWFJzK8Q9JBHWJre8CcGdf3mRNMol97RUuakUq5ezOHKgAA7BMXDBGaiCa1ADdYDBI3gGr+DNerJerHfrY9q6ZM1mDsAfWJ8/7fOW/g==</latexit> nX

i=1

kxi � ck2

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit> =
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

Claim: As long as               , cost does not increase: 



Example: 1-Median — Easy Direction

Cost in  
original space

Cost in  
projected space

<latexit sha1_base64="G7JMbRFN2GtGNhEaMtVvfLp+bRA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMQUY5E</latexit>�
<latexit sha1_base64="QTWOPetvUKFHAU2fXBFjq4vf4sc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCRSiJFPVY9OKxgv2AJpTNdtou3WzC7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3C2vrG5lZxu7Szu7d/YB8etVWUSAotGvFIdgOigDMBLc00h24sgYQBh04wuZ35nUeQikXiQacx+CEZCTZklGgj9e2yp1kIClfdcw9ixXgkzvp2xak5c+BV4uakgnI0+/aXN4hoEoLQlBOleq4Taz8jUjPKYVryEgUxoRMygp6hgpiNfjY/fopPjTLAw0iaEhrP1d8TGQmVSsPAdIZEj9WyNxP/83qJHl77GRNxokHQxaJhwrGO8CwJPGASqOapIYRKZm7FdEwkodrkVTIhuMsvr5L2Rc29rNXv65XGTR5HER2jE1RFLrpCDXSHmqiFKErRM3pFb9aT9WK9Wx+L1oKVz5TRH1ifP41QlBM=</latexit>

⇥(1 + ✏)

<latexit sha1_base64="2xeVlrv2B7Cub3ZQnJvBcSqjaL8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNS1GPRi8cK9gOaWDbbSbt0s4m7G6GE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR9dRvP4JULBZ3epyAH5GBYCGjRBupZ5c09gbwgN0zDxLFeCzuqz277FScGfAycXNSRjkaPfvL68c0jUBoyolSXddJtJ8RqRnlMCl6qYKE0BEZQNdQQSJQfjY7foJPjNLHYSxNCY1n6u+JjERKjaPAdEZED9WiNxX/87qpDi/9jIkk1SDofFGYcqxjPE0C95kEqvnYEEIlM7diOiSSUG3yKpoQ3MWXl0mrWnHPK7XbWrl+lcdRQEfoGJ0iF12gOrpBDdREFI3RM3pFb9aT9WK9Wx/z1hUrnymhP7A+fwB1cJQF</latexit>

t � 1/✏2

<latexit sha1_base64="mh6FVghZr7BK0JLJpXJeO2TkwtE=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLshqI0QtLGMYB6QXZfZyWwyZGZ2mZkVwyaFjb9iY6GIrR9h5984eRSaeODC4Zx7ufeeMGFUacf5tpaWV1bX1nMb+c2t7Z1de2+/oeJUYlLHMYtlK0SKMCpIXVPNSCuRBPGQkWbYvxr7zXsiFY3FrR4kxOeoK2hEMdJGCuyCp1IeZPTCHd0J6A3hQ0DhCcTeMCgHdtEpORPAReLOSBHMUAvsL68T45QToTFDSrVdJ9F+hqSmmJFR3ksVSRDuoy5pGyoQJ8rPJk+M4JFROjCKpSmh4UT9PZEhrtSAh6aTI91T895Y/M9rpzo69zMqklQTgaeLopRBHcNxIrBDJcGaDQxBWFJzK8Q9JBHWJre8CcGdf3mRNMol97RUuakUq5ezOHKgAA7BMXDBGaiCa1ADdYDBI3gGr+DNerJerHfrY9q6ZM1mDsAfWJ8/7fOW/g==</latexit> nX

i=1

kxi � ck2

<latexit sha1_base64="Vch/tw0e6+yhWqy6FKhS24yAA6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsK9gFNKJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WM8EixiBGsjDW3bCxIeqllsrtxrs/nQrjsNZwG0TtyS1KFEe2h/eWFCspgKTThWauA6qfZzLDUjnM5rXqZoiskEj+jAUIFjqvx8kXyOLowSoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmo1s/ZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyaqYEd/XL66R71XCvG83HZr11V9ZRhTM4h0tw4QZa8ABt6ACBKTzDK7xZufVivVsfy9GKVe6cwh9Ynz8R35P0</latexit>

⇧

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit> =
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

Claim: As long as               , cost does not increase: 



Example: 1-Median — Easy Direction

Cost in  
original space

Cost in  
projected space

<latexit sha1_base64="G7JMbRFN2GtGNhEaMtVvfLp+bRA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMQUY5E</latexit>�
<latexit sha1_base64="QTWOPetvUKFHAU2fXBFjq4vf4sc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCRSiJFPVY9OKxgv2AJpTNdtou3WzC7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3C2vrG5lZxu7Szu7d/YB8etVWUSAotGvFIdgOigDMBLc00h24sgYQBh04wuZ35nUeQikXiQacx+CEZCTZklGgj9e2yp1kIClfdcw9ixXgkzvp2xak5c+BV4uakgnI0+/aXN4hoEoLQlBOleq4Taz8jUjPKYVryEgUxoRMygp6hgpiNfjY/fopPjTLAw0iaEhrP1d8TGQmVSsPAdIZEj9WyNxP/83qJHl77GRNxokHQxaJhwrGO8CwJPGASqOapIYRKZm7FdEwkodrkVTIhuMsvr5L2Rc29rNXv65XGTR5HER2jE1RFLrpCDXSHmqiFKErRM3pFb9aT9WK9Wx+L1oKVz5TRH1ifP41QlBM=</latexit>

⇥(1 + ✏)

<latexit sha1_base64="2xeVlrv2B7Cub3ZQnJvBcSqjaL8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNS1GPRi8cK9gOaWDbbSbt0s4m7G6GE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR9dRvP4JULBZ3epyAH5GBYCGjRBupZ5c09gbwgN0zDxLFeCzuqz277FScGfAycXNSRjkaPfvL68c0jUBoyolSXddJtJ8RqRnlMCl6qYKE0BEZQNdQQSJQfjY7foJPjNLHYSxNCY1n6u+JjERKjaPAdEZED9WiNxX/87qpDi/9jIkk1SDofFGYcqxjPE0C95kEqvnYEEIlM7diOiSSUG3yKpoQ3MWXl0mrWnHPK7XbWrl+lcdRQEfoGJ0iF12gOrpBDdREFI3RM3pFb9aT9WK9Wx/z1hUrnymhP7A+fwB1cJQF</latexit>

t � 1/✏2

<latexit sha1_base64="mh6FVghZr7BK0JLJpXJeO2TkwtE=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLshqI0QtLGMYB6QXZfZyWwyZGZ2mZkVwyaFjb9iY6GIrR9h5984eRSaeODC4Zx7ufeeMGFUacf5tpaWV1bX1nMb+c2t7Z1de2+/oeJUYlLHMYtlK0SKMCpIXVPNSCuRBPGQkWbYvxr7zXsiFY3FrR4kxOeoK2hEMdJGCuyCp1IeZPTCHd0J6A3hQ0DhCcTeMCgHdtEpORPAReLOSBHMUAvsL68T45QToTFDSrVdJ9F+hqSmmJFR3ksVSRDuoy5pGyoQJ8rPJk+M4JFROjCKpSmh4UT9PZEhrtSAh6aTI91T895Y/M9rpzo69zMqklQTgaeLopRBHcNxIrBDJcGaDQxBWFJzK8Q9JBHWJre8CcGdf3mRNMol97RUuakUq5ezOHKgAA7BMXDBGaiCa1ADdYDBI3gGr+DNerJerHfrY9q6ZM1mDsAfWJ8/7fOW/g==</latexit> nX

i=1

kxi � ck2

<latexit sha1_base64="Vch/tw0e6+yhWqy6FKhS24yAA6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsK9gFNKJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WM8EixiBGsjDW3bCxIeqllsrtxrs/nQrjsNZwG0TtyS1KFEe2h/eWFCspgKTThWauA6qfZzLDUjnM5rXqZoiskEj+jAUIFjqvx8kXyOLowSoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmo1s/ZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyaqYEd/XL66R71XCvG83HZr11V9ZRhTM4h0tw4QZa8ABt6ACBKTzDK7xZufVivVsfy9GKVe6cwh9Ynz8R35P0</latexit>

⇧

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit> =
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

Claim: As long as               , cost does not increase: 



Example: 1-Median — Easy Direction

Cost in  
original space

Cost in  
projected space

<latexit sha1_base64="G7JMbRFN2GtGNhEaMtVvfLp+bRA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMQUY5E</latexit>�
<latexit sha1_base64="QTWOPetvUKFHAU2fXBFjq4vf4sc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCRSiJFPVY9OKxgv2AJpTNdtou3WzC7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3C2vrG5lZxu7Szu7d/YB8etVWUSAotGvFIdgOigDMBLc00h24sgYQBh04wuZ35nUeQikXiQacx+CEZCTZklGgj9e2yp1kIClfdcw9ixXgkzvp2xak5c+BV4uakgnI0+/aXN4hoEoLQlBOleq4Taz8jUjPKYVryEgUxoRMygp6hgpiNfjY/fopPjTLAw0iaEhrP1d8TGQmVSsPAdIZEj9WyNxP/83qJHl77GRNxokHQxaJhwrGO8CwJPGASqOapIYRKZm7FdEwkodrkVTIhuMsvr5L2Rc29rNXv65XGTR5HER2jE1RFLrpCDXSHmqiFKErRM3pFb9aT9WK9Wx+L1oKVz5TRH1ifP41QlBM=</latexit>

⇥(1 + ✏)

<latexit sha1_base64="2xeVlrv2B7Cub3ZQnJvBcSqjaL8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNS1GPRi8cK9gOaWDbbSbt0s4m7G6GE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR9dRvP4JULBZ3epyAH5GBYCGjRBupZ5c09gbwgN0zDxLFeCzuqz277FScGfAycXNSRjkaPfvL68c0jUBoyolSXddJtJ8RqRnlMCl6qYKE0BEZQNdQQSJQfjY7foJPjNLHYSxNCY1n6u+JjERKjaPAdEZED9WiNxX/87qpDi/9jIkk1SDofFGYcqxjPE0C95kEqvnYEEIlM7diOiSSUG3yKpoQ3MWXl0mrWnHPK7XbWrl+lcdRQEfoGJ0iF12gOrpBDdREFI3RM3pFb9aT9WK9Wx/z1hUrnymhP7A+fwB1cJQF</latexit>

t � 1/✏2

<latexit sha1_base64="Vch/tw0e6+yhWqy6FKhS24yAA6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsK9gFNKJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WM8EixiBGsjDW3bCxIeqllsrtxrs/nQrjsNZwG0TtyS1KFEe2h/eWFCspgKTThWauA6qfZzLDUjnM5rXqZoiskEj+jAUIFjqvx8kXyOLowSoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmo1s/ZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyaqYEd/XL66R71XCvG83HZr11V9ZRhTM4h0tw4QZa8ABt6ACBKTzDK7xZufVivVsfy9GKVe6cwh9Ynz8R35P0</latexit>

⇧

<latexit sha1_base64="t9Io06mxu+edqJdtPhOwajRs6DI="></latexit> nX

i=1

kxi � ck2 ⇥ (1 + ✏) �
nX

i=1

k⇧(xi)�⇧(c)k2
<latexit sha1_base64="G7JMbRFN2GtGNhEaMtVvfLp+bRA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMQUY5E</latexit> �<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit> =

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

Claim: As long as               , cost does not increase: 



Example: 1-Median — Hard Direction

<latexit sha1_base64="Vch/tw0e6+yhWqy6FKhS24yAA6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsK9gFNKJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WM8EixiBGsjDW3bCxIeqllsrtxrs/nQrjsNZwG0TtyS1KFEe2h/eWFCspgKTThWauA6qfZzLDUjnM5rXqZoiskEj+jAUIFjqvx8kXyOLowSoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmo1s/ZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyaqYEd/XL66R71XCvG83HZr11V9ZRhTM4h0tw4QZa8ABt6ACBKTzDK7xZufVivVsfy9GKVe6cwh9Ynz8R35P0</latexit>

⇧

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1
<latexit sha1_base64="cg6yGtKe2Va1m44BbeIf5lYZDsE=">AAAB/HicbVDNS8MwHE39nPOruqOX4BDmZbQy1OPQi8cJ7gPWMtI03cLSpCSpUMr8V7x4UMSrf4g3/xvTrQfdfBDyeO/3Iy8vSBhV2nG+rbX1jc2t7cpOdXdv/+DQPjruKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxKpqOAPOkuIH6MxpxHFSBtpZNeyhhcIFqosNlfudejsfGTXnaYzB1wlbknqoERnZH95ocBpTLjGDCk1dJ1E+zmSmmJGZlUvVSRBeIrGZGgoRzFRfj4PP4NnRglhJKQ5XMO5+nsjR7Eq0pnJGOmJWvYK8T9vmOro2s8pT1JNOF48FKUMagGLJmBIJcGaZYYgLKnJCvEESYS16atqSnCXv7xKehdN97LZum/V2zdlHRVwAk5BA7jgCrTBHeiALsAgA8/gFbxZT9aL9W59LEbXrHKnBv7A+vwBxUmU3A==</latexit>

y(⇧)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1
<latexit sha1_base64="cg6yGtKe2Va1m44BbeIf5lYZDsE=">AAAB/HicbVDNS8MwHE39nPOruqOX4BDmZbQy1OPQi8cJ7gPWMtI03cLSpCSpUMr8V7x4UMSrf4g3/xvTrQfdfBDyeO/3Iy8vSBhV2nG+rbX1jc2t7cpOdXdv/+DQPjruKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxKpqOAPOkuIH6MxpxHFSBtpZNeyhhcIFqosNlfudejsfGTXnaYzB1wlbknqoERnZH95ocBpTLjGDCk1dJ1E+zmSmmJGZlUvVSRBeIrGZGgoRzFRfj4PP4NnRglhJKQ5XMO5+nsjR7Eq0pnJGOmJWvYK8T9vmOro2s8pT1JNOF48FKUMagGLJmBIJcGaZYYgLKnJCvEESYS16atqSnCXv7xKehdN97LZum/V2zdlHRVwAk5BA7jgCrTBHeiALsAgA8/gFbxZT9aL9W59LEbXrHKnBv7A+vwBxUmU3A==</latexit>

y(⇧)

 Can’t use distributional properties of  
  on the dataset points!

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1



Coreset: “Dataset Reduction” Technique  
[Agarwal, Har-Peled, Varadarajan ‘03]



Coreset: “Dataset Reduction” Technique  
[Agarwal, Har-Peled, Varadarajan ‘03]

Original dataset

Smaller weighted dataset 



1-Median
<latexit sha1_base64="6imruJjmqJ/tF7sqObCEhiqgxDY=">AAACH3icbVDLTgIxFO34RHyhLt00EhM3khlC0I0J0Y1LNPJIGJh0SoGGtjNpO0YyzJ+48VfcuNAY446/scAsFDxJk5Nz7s3tOX7IqNK2PbFWVtfWNzYzW9ntnd29/dzBYV0FkcSkhgMWyKaPFGFUkJqmmpFmKAniPiMNf3gz9RuPRCoaiAc9Ckmbo76gPYqRNpKXK7ucCi/G0KUCuhzpge/H90mnm0BXRdyL6ZWTdIw1hk8ehefQTI69opfL2wV7BrhMnJTkQYqql/t2uwGOOBEaM6RUy7FD3Y6R1BQzkmTdSJEQ4SHqk5ahAnGi2vEsXwJPjdKFvUCaJzScqb83YsSVGnHfTE4TqEVvKv7ntSLdu2zHVISRJgLPD/UiBnUAp2XBLpUEazYyBGFJzV8hHiCJsDaVZk0JzmLkZVIvFpxyoXRXyleu0zoy4BicgDPggAtQAbegCmoAg2fwCt7Bh/VivVmf1td8dMVKd47AH1iTH28Roe8=</latexit>

min
c2Rd

nX

i=1

kxi � ck2

<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)

Coreset

Size:
<latexit sha1_base64="B8tx23naEyrBfhGCpbMo+ld2Vus=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxC3dREirosunFZwT6gCWUynbRDJzPDzEQIobjxV9y4UMStX+HOv3HSZqHVAxcO59zLvfeEghKlXffLKi0tr6yuldcrG5tb2zv27l5H8UQi3EacctkLocKUMNzWRFPcExLDOKS4G06uc797j6UinN3pVOAghiNGIoKgNtLAPvBjqMcyzgSn6bTmnfpYKEI5OxnYVbfuzuD8JV5BqqBAa2B/+kOOkhgzjShUqu+5QgcZlJogiqcVP1FYQDSBI9w3lMEYqyCbvTB1jo0ydCIuTTHtzNSfExmMlUrj0HTmB6tFLxf/8/qJji6DjDCRaMzQfFGUUEdzJ8/DGRKJkaapIRBJYm510BhKiLRJrWJC8BZf/ks6Z3XvvN64bVSbV0UcZXAIjkANeOACNMENaIE2QOABPIEX8Go9Ws/Wm/U+by1Zxcw++AXr4xs/kJdW</latexit>

poly(1/✏)



1-Median
<latexit sha1_base64="6imruJjmqJ/tF7sqObCEhiqgxDY=">AAACH3icbVDLTgIxFO34RHyhLt00EhM3khlC0I0J0Y1LNPJIGJh0SoGGtjNpO0YyzJ+48VfcuNAY446/scAsFDxJk5Nz7s3tOX7IqNK2PbFWVtfWNzYzW9ntnd29/dzBYV0FkcSkhgMWyKaPFGFUkJqmmpFmKAniPiMNf3gz9RuPRCoaiAc9Ckmbo76gPYqRNpKXK7ucCi/G0KUCuhzpge/H90mnm0BXRdyL6ZWTdIw1hk8ehefQTI69opfL2wV7BrhMnJTkQYqql/t2uwGOOBEaM6RUy7FD3Y6R1BQzkmTdSJEQ4SHqk5ahAnGi2vEsXwJPjdKFvUCaJzScqb83YsSVGnHfTE4TqEVvKv7ntSLdu2zHVISRJgLPD/UiBnUAp2XBLpUEazYyBGFJzV8hHiCJsDaVZk0JzmLkZVIvFpxyoXRXyleu0zoy4BicgDPggAtQAbegCmoAg2fwCt7Bh/VivVmf1td8dMVKd47AH1iTH28Roe8=</latexit>

min
c2Rd

nX

i=1

kxi � ck2

<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)

Coreset

Size:
<latexit sha1_base64="B8tx23naEyrBfhGCpbMo+ld2Vus=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxC3dREirosunFZwT6gCWUynbRDJzPDzEQIobjxV9y4UMStX+HOv3HSZqHVAxcO59zLvfeEghKlXffLKi0tr6yuldcrG5tb2zv27l5H8UQi3EacctkLocKUMNzWRFPcExLDOKS4G06uc797j6UinN3pVOAghiNGIoKgNtLAPvBjqMcyzgSn6bTmnfpYKEI5OxnYVbfuzuD8JV5BqqBAa2B/+kOOkhgzjShUqu+5QgcZlJogiqcVP1FYQDSBI9w3lMEYqyCbvTB1jo0ydCIuTTHtzNSfExmMlUrj0HTmB6tFLxf/8/qJji6DjDCRaMzQfFGUUEdzJ8/DGRKJkaapIRBJYm510BhKiLRJrWJC8BZf/ks6Z3XvvN64bVSbV0UcZXAIjkANeOACNMENaIE2QOABPIEX8Go9Ws/Wm/U+by1Zxcw++AXr4xs/kJdW</latexit>

poly(1/✏)

Message:
Looks like it depends on all data,  

but really, it doesn’t.



Proof Diagram for using 
Coresets for Dimension Reduction



JL’d Dataset 

X = {x1, . . . , xn} ⇢ Rd

Dataset 
⇧(X) =

{⇧(x1), . . . ,⇧(xn)} ⇢ Rt

⇧

Proof Diagram for using 
Coresets for Dimension Reduction



JL’d Dataset 

X = {x1, . . . , xn} ⇢ Rd

Dataset 
⇧(X) =

{⇧(x1), . . . ,⇧(xn)} ⇢ Rt

⇧

Coreset 

Coreset 
Algorithm

Proof Diagram for using 
Coresets for Dimension Reduction

<latexit sha1_base64="bibQ9AKh1piXgMTajuDxmCMCrtE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVFWCKmBBqmBhLIK2SE0UOa7bWrWdyHYQVZSZhV9hYQAhVr6Ajb/BbTNAy5EsHZ9z77XvCWNGlXacb6uwsLi0vFJcLa2tb2xu2ds7LRUlEpMmjlgk70KkCKOCNDXVjNzFkiAeMtIOh5djv31PpKKRuNWjmPgc9QXtUYy0kQJ7/waeQy+FD0FKAzerQK8baVWZ3nkGvSywy07VmQDOEzcnZZCjEdhfZgZOOBEaM6RUx3Vi7adIaooZyUpeokiM8BD1ScdQgThRfjpZJYOHRunCXiTNERpO1N8dKeJKjXhoKjnSAzXrjcX/vE6ie2d+SkWcaCLw9KFewqCO4DgX2KWSYM1GhiAsqfkrxAMkEdYmvZIJwZ1deZ60jqvuSbV2XSvXL/I4imAPHIAj4IJTUAdXoAGaAINH8AxewZv1ZL1Y79bHtLRg5T274A+szx/7m5k4</latexit>

S = {xi1 , . . . , xim}
<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0



JL’d Dataset 

X = {x1, . . . , xn} ⇢ Rd

Dataset 
⇧(X) =

{⇧(x1), . . . ,⇧(xn)} ⇢ Rt

⇧

Coreset JL’d Coreset 

Coreset 
Algorithm

Proof Diagram for using 
Coresets for Dimension Reduction

<latexit sha1_base64="bibQ9AKh1piXgMTajuDxmCMCrtE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVFWCKmBBqmBhLIK2SE0UOa7bWrWdyHYQVZSZhV9hYQAhVr6Ajb/BbTNAy5EsHZ9z77XvCWNGlXacb6uwsLi0vFJcLa2tb2xu2ds7LRUlEpMmjlgk70KkCKOCNDXVjNzFkiAeMtIOh5djv31PpKKRuNWjmPgc9QXtUYy0kQJ7/waeQy+FD0FKAzerQK8baVWZ3nkGvSywy07VmQDOEzcnZZCjEdhfZgZOOBEaM6RUx3Vi7adIaooZyUpeokiM8BD1ScdQgThRfjpZJYOHRunCXiTNERpO1N8dKeJKjXhoKjnSAzXrjcX/vE6ie2d+SkWcaCLw9KFewqCO4DgX2KWSYM1GhiAsqfkrxAMkEdYmvZIJwZ1deZ60jqvuSbV2XSvXL/I4imAPHIAj4IJTUAdXoAGaAINH8AxewZv1ZL1Y79bHtLRg5T274A+szx/7m5k4</latexit>

S = {xi1 , . . . , xim}
<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0

<latexit sha1_base64="77PIH4O++8IhBMt7AGo2o29jn34="></latexit>

⇧(S) =

{⇧(xi1), . . . ,⇧(xim)} ⇢ Rt

<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0



JL’d Dataset 

X = {x1, . . . , xn} ⇢ Rd

Dataset 
⇧(X) =

{⇧(x1), . . . ,⇧(xn)} ⇢ Rt

⇧

Coreset JL’d Coreset 

Coreset 
Algorithm

Proof Diagram for using 
Coresets for Dimension Reduction

<latexit sha1_base64="bibQ9AKh1piXgMTajuDxmCMCrtE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVFWCKmBBqmBhLIK2SE0UOa7bWrWdyHYQVZSZhV9hYQAhVr6Ajb/BbTNAy5EsHZ9z77XvCWNGlXacb6uwsLi0vFJcLa2tb2xu2ds7LRUlEpMmjlgk70KkCKOCNDXVjNzFkiAeMtIOh5djv31PpKKRuNWjmPgc9QXtUYy0kQJ7/waeQy+FD0FKAzerQK8baVWZ3nkGvSywy07VmQDOEzcnZZCjEdhfZgZOOBEaM6RUx3Vi7adIaooZyUpeokiM8BD1ScdQgThRfjpZJYOHRunCXiTNERpO1N8dKeJKjXhoKjnSAzXrjcX/vE6ie2d+SkWcaCLw9KFewqCO4DgX2KWSYM1GhiAsqfkrxAMkEdYmvZIJwZ1deZ60jqvuSbV2XSvXL/I4imAPHIAj4IJTUAdXoAGaAINH8AxewZv1ZL1Y79bHtLRg5T274A+szx/7m5k4</latexit>

S = {xi1 , . . . , xim}
<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0

<latexit sha1_base64="77PIH4O++8IhBMt7AGo2o29jn34="></latexit>

⇧(S) =

{⇧(xi1), . . . ,⇧(xim)} ⇢ Rt

<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0

Subspace 
Embedding



JL’d Dataset 

X = {x1, . . . , xn} ⇢ Rd

Dataset 
⇧(X) =

{⇧(x1), . . . ,⇧(xn)} ⇢ Rt

⇧

Coreset 
Algorithm

Proof Diagram for using 
Coresets for Dimension Reduction

Coreset JL’d Coreset 
<latexit sha1_base64="bibQ9AKh1piXgMTajuDxmCMCrtE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVFWCKmBBqmBhLIK2SE0UOa7bWrWdyHYQVZSZhV9hYQAhVr6Ajb/BbTNAy5EsHZ9z77XvCWNGlXacb6uwsLi0vFJcLa2tb2xu2ds7LRUlEpMmjlgk70KkCKOCNDXVjNzFkiAeMtIOh5djv31PpKKRuNWjmPgc9QXtUYy0kQJ7/waeQy+FD0FKAzerQK8baVWZ3nkGvSywy07VmQDOEzcnZZCjEdhfZgZOOBEaM6RUx3Vi7adIaooZyUpeokiM8BD1ScdQgThRfjpZJYOHRunCXiTNERpO1N8dKeJKjXhoKjnSAzXrjcX/vE6ie2d+SkWcaCLw9KFewqCO4DgX2KWSYM1GhiAsqfkrxAMkEdYmvZIJwZ1deZ60jqvuSbV2XSvXL/I4imAPHIAj4IJTUAdXoAGaAINH8AxewZv1ZL1Y79bHtLRg5T274A+szx/7m5k4</latexit>

S = {xi1 , . . . , xim}
<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0

<latexit sha1_base64="77PIH4O++8IhBMt7AGo2o29jn34="></latexit>

⇧(S) =

{⇧(xi1), . . . ,⇧(xim)} ⇢ Rt

<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0

Subspace 
Embedding



JL’d Dataset 

X = {x1, . . . , xn} ⇢ Rd

Dataset 
⇧(X) =

{⇧(x1), . . . ,⇧(xn)} ⇢ Rt

⇧

Proof Diagram for using 
Coresets for Dimension Reduction

Coreset JL’d Coreset 
<latexit sha1_base64="bibQ9AKh1piXgMTajuDxmCMCrtE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVFWCKmBBqmBhLIK2SE0UOa7bWrWdyHYQVZSZhV9hYQAhVr6Ajb/BbTNAy5EsHZ9z77XvCWNGlXacb6uwsLi0vFJcLa2tb2xu2ds7LRUlEpMmjlgk70KkCKOCNDXVjNzFkiAeMtIOh5djv31PpKKRuNWjmPgc9QXtUYy0kQJ7/waeQy+FD0FKAzerQK8baVWZ3nkGvSywy07VmQDOEzcnZZCjEdhfZgZOOBEaM6RUx3Vi7adIaooZyUpeokiM8BD1ScdQgThRfjpZJYOHRunCXiTNERpO1N8dKeJKjXhoKjnSAzXrjcX/vE6ie2d+SkWcaCLw9KFewqCO4DgX2KWSYM1GhiAsqfkrxAMkEdYmvZIJwZ1deZ60jqvuSbV2XSvXL/I4imAPHIAj4IJTUAdXoAGaAINH8AxewZv1ZL1Y79bHtLRg5T274A+szx/7m5k4</latexit>

S = {xi1 , . . . , xim}
<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0

<latexit sha1_base64="77PIH4O++8IhBMt7AGo2o29jn34="></latexit>

⇧(S) =

{⇧(xi1), . . . ,⇧(xim)} ⇢ Rt

<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0

Goal: Follow arrows while only decreasing cost



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

<latexit sha1_base64="CgBnXFpVkOCmTZrFSFTgh80AjCg=">AAACB3icbVDLSgNBEJyNrxhfqx4FGQxCvMTdENRj0Is3I5oHZGOYnXSSIbOz68ysEJLcvPgrXjwo4tVf8ObfOHkcNLGgoajqprvLjzhT2nG+rcTC4tLySnI1tba+sbllb++UVRhLCiUa8lBWfaKAMwElzTSHaiSBBD6Hit+9GPmVB5CKheJW9yKoB6QtWItRoo3UsPc19tpwj72rANokM7gZHGMPIsV4KO5yRw077WSdMfA8cackjaYoNuwvrxnSOAChKSdK1Vwn0vU+kZpRDsOUFyuICO2SNtQMFSQAVe+P/xjiQ6M0cSuUpoTGY/X3RJ8ESvUC33QGRHfUrDcS//NqsW6d1ftMRLEGQSeLWjHHOsSjUHCTSaCa9wwhVDJzK6YdIgnVJrqUCcGdfXmelHNZ9ySbv86nC+fTOJJoDx2gDHLRKSqgS1REJUTRI3pGr+jNerJerHfrY9KasKYzu+gPrM8fM8qYQw==</latexit>

t � ⌦(|S|/✏2)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

<latexit sha1_base64="CgBnXFpVkOCmTZrFSFTgh80AjCg=">AAACB3icbVDLSgNBEJyNrxhfqx4FGQxCvMTdENRj0Is3I5oHZGOYnXSSIbOz68ysEJLcvPgrXjwo4tVf8ObfOHkcNLGgoajqprvLjzhT2nG+rcTC4tLySnI1tba+sbllb++UVRhLCiUa8lBWfaKAMwElzTSHaiSBBD6Hit+9GPmVB5CKheJW9yKoB6QtWItRoo3UsPc19tpwj72rANokM7gZHGMPIsV4KO5yRw077WSdMfA8cackjaYoNuwvrxnSOAChKSdK1Vwn0vU+kZpRDsOUFyuICO2SNtQMFSQAVe+P/xjiQ6M0cSuUpoTGY/X3RJ8ESvUC33QGRHfUrDcS//NqsW6d1ftMRLEGQSeLWjHHOsSjUHCTSaCa9wwhVDJzK6YdIgnVJrqUCcGdfXmelHNZ9ySbv86nC+fTOJJoDx2gDHLRKSqgS1REJUTRI3pGr+jNerJerHfrY9KasKYzu+gPrM8fM8qYQw==</latexit>

t � ⌦(|S|/✏2)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

<latexit sha1_base64="CgBnXFpVkOCmTZrFSFTgh80AjCg=">AAACB3icbVDLSgNBEJyNrxhfqx4FGQxCvMTdENRj0Is3I5oHZGOYnXSSIbOz68ysEJLcvPgrXjwo4tVf8ObfOHkcNLGgoajqprvLjzhT2nG+rcTC4tLySnI1tba+sbllb++UVRhLCiUa8lBWfaKAMwElzTSHaiSBBD6Hit+9GPmVB5CKheJW9yKoB6QtWItRoo3UsPc19tpwj72rANokM7gZHGMPIsV4KO5yRw077WSdMfA8cackjaYoNuwvrxnSOAChKSdK1Vwn0vU+kZpRDsOUFyuICO2SNtQMFSQAVe+P/xjiQ6M0cSuUpoTGY/X3RJ8ESvUC33QGRHfUrDcS//NqsW6d1ftMRLEGQSeLWjHHOsSjUHCTSaCa9wwhVDJzK6YdIgnVJrqUCcGdfXmelHNZ9ySbv86nC+fTOJJoDx2gDHLRKSqgS1REJUTRI3pGr+jNerJerHfrY9KasKYzu+gPrM8fM8qYQw==</latexit>

t � ⌦(|S|/✏2)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt
<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt
<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 
<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 
<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 
<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 
<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 
<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 
<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Example: 1-Median — Hard Direction
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="3zoanOZX+x7cJ2pHAYmrLA+bjMk=">AAAB/nicbVDNS8MwHE39nPOrKp68BIfgxdHKUI9DLx4nuA9Y60jTdAtLk5KkwigF/xUvHhTx6t/hzf/GdOtBNx+EPN77/cjLCxJGlXacb2tpeWV1bb2yUd3c2t7Ztff2O0qkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB+Kbwu49EKir4vZ4kxI/RkNOIYqSNNLAPvUCwUE1ic2Vei+YP2ZmbD+yaU3emgIvELUkNlGgN7C8vFDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9P4OTwxSggjIc3hGk7V3xsZilWR0EzGSI/UvFeI/3n9VEdXfkZ5kmrC8eyhKGVQC1h0AUMqCdZsYgjCkpqsEI+QRFibxqqmBHf+y4ukc153L+qNu0ateV3WUQFH4BicAhdcgia4BS3QBhhk4Bm8gjfryXqx3q2P2eiSVe4cgD+wPn8AhSmV2g==</latexit>

⇧�1

<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="licJtYlN3BybKdyULPKwhC3FFG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjRfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupr6rQeqNJPizoxj6kd4IFjICDZWapZvT9Djca9YcivuDOgv8TJSggz1XvGz25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gI6v0USiVLWHQTP05keJI63EU2M4Im6Fe9Kbif14nMeGFnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5b+keVrxzirVm2qpdpnFkYcDOIQyeHAONbiGOjSAwD08wQu8OtJ5dt6c93lrzslm9uEXnI9vD2eOJg==</latexit>

(S,w)
<latexit sha1_base64="Gc5lY/HawXYWJ1I+REpHjDFwjoM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARWpCSSFGXRTcuK9oHNKFMJpN26GQSZiZKCXXjr7hxoYhb/8Kdf+OkzUJbDwxzOOde7r3HixmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrjK/c0+EpBG/U+OYuCEacBpQjJSW+uZBxfEi5stxqL/UadJJ5bZ6Ah+qfbNs1awp4CKxc1IGOZp988vxI5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMLJvBYKz4MIqEfV3Cq/u5IUSizHXVliNRQznuZ+J/XS1Rw4aaUx4kiHM8GBQmDKoJZHNCngmDFxpogLKjeFeIhEggrHVpJh2DPn7xI2qc1+6xWv6mXG5d5HEVwCI5ABdjgHDTANWiCFsDgETyDV/BmPBkvxrvxMSstGHnPPvgD4/MHDKGV/A==</latexit>

(⇧(S), w)
<latexit sha1_base64="vwVm6Wqh10fsmf3nxBGrfkmnWPw=">AAACInicbVC7TsMwFHV4lvIKMLJYVEhlqRJU8dgqWBjLow+pCZXjOK1Vx4lsB6mK8i0s/AoLAwiYkPgYnDYDtFzJ8tE599r3HC9mVCrL+jIWFpeWV1ZLa+X1jc2tbXNnty2jRGDSwhGLRNdDkjDKSUtRxUg3FgSFHiMdb3SZ650HIiSN+J0ax8QN0YDTgGKkNNU3zx0vYr4ch/pKnSbNoJM/yqETIjUUYSpjxLPq7RF0VDQlPS+9ye5V36xYNWtScB7YBaiAopp988PxI5yEhCvMkJQ924qVmyKhKGYkKzuJJDHCIzQgPQ05Col004nFDB5qxodBJPThCk7Y3xMpCmXuQnfmO8pZLSf/03qJCs7clPI4UYTj6UdBwqB2m+cFfSoIVmysAcKC6l0hHiKBsNKplnUI9qzledA+rtkntfp1vdK4KOIogX1wAKrABqegAa5AE7QABo/gGbyCN+PJeDHejc9p64JRzOyBP2V8/wB9LKTd</latexit>

⇧ : span(S) ! Rt

Success Event: 
1. Coreset algorithm produces: 
•            for 
•                 for 

2. JL was a subspace embedding 

<latexit sha1_base64="IZlks83hcqUxDZoOv4l2C6wmCvQ="></latexit>X

x2X

k⇧(x)� yk2 ⇡
X

x2S

w(x)k⇧(x)� yk2

for opt <latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y

<latexit sha1_base64="tit5F1XoiTt/KO4c/aTPzjFkmuQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYhBiE+80qI0QtLFT0ZhAEsPeZpIs7u0du3NCuOR32PhXbCwUsRMb/42bGFCjDwYe780wM8+PpDDouh/OxOTU9Mxsai49v7C4tJxZWb0yYaw5lHgoQ13xmQEpFJRQoIRKpIEFvoSyf3M88Mu3oI0I1SV2I6gHrK1ES3CGVmpkPKSH9DTXu+ht1yAyQobqemfLajUUsgnJaT/nfTvJbn+rkcm6eXcI+pd4I5IlI5w1Mm+1ZsjjABRyyYypem6E9YRpFFxCP12LDUSM37A2VC1VLABTT4av9emmVZq0FWpbCulQ/TmRsMCYbuDbzoBhx4x7A/E/rxpj66CeCBXFCIp/LWrFkmJIBznRptDAUXYtYVwLeyvlHaYZR5tm2obgjb/8l1zt5L29fOG8kC0ejeJIkXWyQXLEI/ukSE7IGSkRTu7IA3kiz8698+i8OK9frRPOaGaN/ILz/gl2fZ9R</latexit>

t = O(|S|/✏2) = Õ(1/✏3)



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

1. Define sampling distribution. 
2. For each fixed center, low-variance estimator. 
3. “Union-bound” over all centers.

Importance Sampling



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Sampling distribution 
<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D

<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Coreset
Sampling distribution 

<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D
<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Coreset
Sampling distribution 

<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D
<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Coreset
Sampling distribution 

<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D
<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Coreset
<latexit sha1_base64="c5F/WNKyGrnMRfji4knQsbaV698="></latexit>

E
"

X

x2coreset

w(x)k⇧(x)� yk2

#

<latexit sha1_base64="cHokCB4tE7ggbMmanoI02V2n7d8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokIqQ6ukqoCxgoWxSPQhNVXkOE5r1XEi20Gt0n4FC7/CwgBCrIiNv8FtM0DLkSwfnXOv7r3HixmVyrK+jdza+sbmVn67sLO7t39gHh61ZJQITJo4YpHoeEgSRjlpKqoY6cSCoNBjpO0Nb2Z++4EISSN+r8Yx6YWoz2lAMVJacs2yI5PQTUfQoRx2ptCZQMeLmC/Hof5Sp0GnpdE5LMOxM3Grrlm0KtYccJXYGSmCDA3X/HL8CCch4QozJGXXtmLVS5FQFDMyLTiJJDHCQ9QnXU05ConspfOzpvBMKz4MIqEfV3Cu/u5IUShne+rKEKmBXPZm4n9eN1HBVS+lPE4U4XgxKEgYVBGcZQR9KghWbKwJwoLqXSEeIIGw0kkWdAj28smrpFWt2BeV2l2tWL/O4siDE3AKSsAGl6AObkEDNAEGj+AZvII348l4Md6Nj0Vpzsh6jsEfGJ8/5zGekQ==</latexit>X

x2X

k⇧(x)� yk2

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit> =Sampling distribution 
<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D

<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Coreset

<latexit sha1_base64="cHokCB4tE7ggbMmanoI02V2n7d8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokIqQ6ukqoCxgoWxSPQhNVXkOE5r1XEi20Gt0n4FC7/CwgBCrIiNv8FtM0DLkSwfnXOv7r3HixmVyrK+jdza+sbmVn67sLO7t39gHh61ZJQITJo4YpHoeEgSRjlpKqoY6cSCoNBjpO0Nb2Z++4EISSN+r8Yx6YWoz2lAMVJacs2yI5PQTUfQoRx2ptCZQMeLmC/Hof5Sp0GnpdE5LMOxM3Grrlm0KtYccJXYGSmCDA3X/HL8CCch4QozJGXXtmLVS5FQFDMyLTiJJDHCQ9QnXU05ConspfOzpvBMKz4MIqEfV3Cu/u5IUShne+rKEKmBXPZm4n9eN1HBVS+lPE4U4XgxKEgYVBGcZQR9KghWbKwJwoLqXSEeIIGw0kkWdAj28smrpFWt2BeV2l2tWL/O4siDE3AKSsAGl6AObkEDNAEGj+AZvII348l4Md6Nj0Vpzsh6jsEfGJ8/5zGekQ==</latexit>X

x2X

k⇧(x)� yk2

<latexit sha1_base64="4SZv3bUtx8BBHsgYeoWCW57IVkg="></latexit> X

x2coreset

w(x)k⇧(x)� yk2

<latexit sha1_base64="qWr1G5Ze4xmGZw+p0nIxqNelPfA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ehy11kz0yxWv6s3hrhI/JxXI0eiXv3qDmKYCpaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWiqJQB1k83un7plVBm4UK1vSuHP190RGhNYTEdpOQcxIL3sz8T+vm5roOsiYTFKDki4WRSl3TezOnncHTCE1fGIJoYrZW106IopQYyMq2RD85ZdXSeui6l9Wa/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAocnuEV3pxH58V5dz4WrQUnnzmGP3A+fwBY8JAv</latexit> .Sampling distribution 
<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D

<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Coreset

<latexit sha1_base64="cHokCB4tE7ggbMmanoI02V2n7d8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokIqQ6ukqoCxgoWxSPQhNVXkOE5r1XEi20Gt0n4FC7/CwgBCrIiNv8FtM0DLkSwfnXOv7r3HixmVyrK+jdza+sbmVn67sLO7t39gHh61ZJQITJo4YpHoeEgSRjlpKqoY6cSCoNBjpO0Nb2Z++4EISSN+r8Yx6YWoz2lAMVJacs2yI5PQTUfQoRx2ptCZQMeLmC/Hof5Sp0GnpdE5LMOxM3Grrlm0KtYccJXYGSmCDA3X/HL8CCch4QozJGXXtmLVS5FQFDMyLTiJJDHCQ9QnXU05ConspfOzpvBMKz4MIqEfV3Cu/u5IUShne+rKEKmBXPZm4n9eN1HBVS+lPE4U4XgxKEgYVBGcZQR9KghWbKwJwoLqXSEeIIGw0kkWdAj28smrpFWt2BeV2l2tWL/O4siDE3AKSsAGl6AObkEDNAEGj+AZvII348l4Md6Nj0Vpzsh6jsEfGJ8/5zGekQ==</latexit>X

x2X

k⇧(x)� yk2

<latexit sha1_base64="4SZv3bUtx8BBHsgYeoWCW57IVkg="></latexit> X

x2coreset

w(x)k⇧(x)� yk2

<latexit sha1_base64="qWr1G5Ze4xmGZw+p0nIxqNelPfA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ehy11kz0yxWv6s3hrhI/JxXI0eiXv3qDmKYCpaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWiqJQB1k83un7plVBm4UK1vSuHP190RGhNYTEdpOQcxIL3sz8T+vm5roOsiYTFKDki4WRSl3TezOnncHTCE1fGIJoYrZW106IopQYyMq2RD85ZdXSeui6l9Wa/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAocnuEV3pxH58V5dz4WrQUnnzmGP3A+fwBY8JAv</latexit> .

JL preserves cost up to 
w.p 0.9 

<latexit sha1_base64="ePWhDDpGjJEQ1JRSBBun38CrrqY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OLNCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSfdV73xQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdbqD/VK4yaPowgncApV8OAKGnAHTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f4DqNfA==</latexit>

O(1)

Sampling distribution 
<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D

<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Coreset

<latexit sha1_base64="cHokCB4tE7ggbMmanoI02V2n7d8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokIqQ6ukqoCxgoWxSPQhNVXkOE5r1XEi20Gt0n4FC7/CwgBCrIiNv8FtM0DLkSwfnXOv7r3HixmVyrK+jdza+sbmVn67sLO7t39gHh61ZJQITJo4YpHoeEgSRjlpKqoY6cSCoNBjpO0Nb2Z++4EISSN+r8Yx6YWoz2lAMVJacs2yI5PQTUfQoRx2ptCZQMeLmC/Hof5Sp0GnpdE5LMOxM3Grrlm0KtYccJXYGSmCDA3X/HL8CCch4QozJGXXtmLVS5FQFDMyLTiJJDHCQ9QnXU05ConspfOzpvBMKz4MIqEfV3Cu/u5IUShne+rKEKmBXPZm4n9eN1HBVS+lPE4U4XgxKEgYVBGcZQR9KghWbKwJwoLqXSEeIIGw0kkWdAj28smrpFWt2BeV2l2tWL/O4siDE3AKSsAGl6AObkEDNAEGj+AZvII348l4Md6Nj0Vpzsh6jsEfGJ8/5zGekQ==</latexit>X

x2X

k⇧(x)� yk2

<latexit sha1_base64="4SZv3bUtx8BBHsgYeoWCW57IVkg="></latexit> X

x2coreset

w(x)k⇧(x)� yk2

<latexit sha1_base64="qWr1G5Ze4xmGZw+p0nIxqNelPfA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ehy11kz0yxWv6s3hrhI/JxXI0eiXv3qDmKYCpaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWiqJQB1k83un7plVBm4UK1vSuHP190RGhNYTEdpOQcxIL3sz8T+vm5roOsiYTFKDki4WRSl3TezOnncHTCE1fGIJoYrZW106IopQYyMq2RD85ZdXSeui6l9Wa/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAocnuEV3pxH58V5dz4WrQUnnzmGP3A+fwBY8JAv</latexit> .

JL preserves cost up to 
w.p 0.9 

<latexit sha1_base64="ePWhDDpGjJEQ1JRSBBun38CrrqY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OLNCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSfdV73xQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdbqD/VK4yaPowgncApV8OAKGnAHTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f4DqNfA==</latexit>

O(1)

Sampling distribution 
<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D

<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

Coreset

<latexit sha1_base64="cHokCB4tE7ggbMmanoI02V2n7d8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokIqQ6ukqoCxgoWxSPQhNVXkOE5r1XEi20Gt0n4FC7/CwgBCrIiNv8FtM0DLkSwfnXOv7r3HixmVyrK+jdza+sbmVn67sLO7t39gHh61ZJQITJo4YpHoeEgSRjlpKqoY6cSCoNBjpO0Nb2Z++4EISSN+r8Yx6YWoz2lAMVJacs2yI5PQTUfQoRx2ptCZQMeLmC/Hof5Sp0GnpdE5LMOxM3Grrlm0KtYccJXYGSmCDA3X/HL8CCch4QozJGXXtmLVS5FQFDMyLTiJJDHCQ9QnXU05ConspfOzpvBMKz4MIqEfV3Cu/u5IUShne+rKEKmBXPZm4n9eN1HBVS+lPE4U4XgxKEgYVBGcZQR9KghWbKwJwoLqXSEeIIGw0kkWdAj28smrpFWt2BeV2l2tWL/O4siDE3AKSsAGl6AObkEDNAEGj+AZvII348l4Md6Nj0Vpzsh6jsEfGJ8/5zGekQ==</latexit>X

x2X

k⇧(x)� yk2

<latexit sha1_base64="4SZv3bUtx8BBHsgYeoWCW57IVkg="></latexit> X

x2coreset

w(x)k⇧(x)� yk2

JL preserves cost up to 
w.p 0.9 

<latexit sha1_base64="ePWhDDpGjJEQ1JRSBBun38CrrqY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OLNCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSfdV73xQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdbqD/VK4yaPowgncApV8OAKGnAHTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f4DqNfA==</latexit>

O(1)

<latexit sha1_base64="Zw1dufdgWfm1iyszS+Q1htXG43U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3SzSbuboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuwIfSa9ccavuHGSVeDmpQI5Gr/zV7Scsi1EaJqjWHc9NTTChynAmcFrqZhpTykZ0gB1LJY1RB5P5sVNyZpU+iRJlSxoyV39PTGis9TgObWdMzVAvezPxP6+Tmeg6mHCZZgYlWyyKMkFMQmafkz5XyIwYW0KZ4vZWwoZUUWZsPiUbgrf88ippXlS9y2rtvlap3+RxFOEETuEcPLiCOtxBA3xgwOEZXuHNkc6L8+58LFoLTj5zDH/gfP4AbveOcw==</latexit> 

<latexit sha1_base64="QTWOPetvUKFHAU2fXBFjq4vf4sc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCRSiJFPVY9OKxgv2AJpTNdtou3WzC7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3C2vrG5lZxu7Szu7d/YB8etVWUSAotGvFIdgOigDMBLc00h24sgYQBh04wuZ35nUeQikXiQacx+CEZCTZklGgj9e2yp1kIClfdcw9ixXgkzvp2xak5c+BV4uakgnI0+/aXN4hoEoLQlBOleq4Taz8jUjPKYVryEgUxoRMygp6hgpiNfjY/fopPjTLAw0iaEhrP1d8TGQmVSsPAdIZEj9WyNxP/83qJHl77GRNxokHQxaJhwrGO8CwJPGASqOapIYRKZm7FdEwkodrkVTIhuMsvr5L2Rc29rNXv65XGTR5HER2jE1RFLrpCDXSHmqiFKErRM3pFb9aT9WK9Wx+L1oKVz5TRH1ifP41QlBM=</latexit>

⇥(1 + ✏)
Sampling distribution 

<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D
<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

JL preserves cost up to 
w.p 0.9 

<latexit sha1_base64="ePWhDDpGjJEQ1JRSBBun38CrrqY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OLNCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSfdV73xQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdbqD/VK4yaPowgncApV8OAKGnAHTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f4DqNfA==</latexit>

O(1)

Sampling distribution 
<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D

<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

JL preserves cost up to 
w.p 0.9 

<latexit sha1_base64="ePWhDDpGjJEQ1JRSBBun38CrrqY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OLNCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSfdV73xQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdbqD/VK4yaPowgncApV8OAKGnAHTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f4DqNfA==</latexit>

O(1)

<latexit sha1_base64="J/Mt2Lnv5xbWR64ZEqEpUINf6Sg="></latexit>

�0(⇧(x)) = sup
y2Rt

k⇧(x)� yk2P
x02X k⇧(x0)� yk2

Sampling distribution 
<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D

<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

JL preserves cost up to 
w.p 0.9 

<latexit sha1_base64="ePWhDDpGjJEQ1JRSBBun38CrrqY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OLNCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSfdV73xQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdbqD/VK4yaPowgncApV8OAKGnAHTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f4DqNfA==</latexit>

O(1)

<latexit sha1_base64="J/Mt2Lnv5xbWR64ZEqEpUINf6Sg="></latexit>

�0(⇧(x)) = sup
y2Rt

k⇧(x)� yk2P
x02X k⇧(x0)� yk2

<latexit sha1_base64="IwgiObFBYGLFaiEIRrobUN1+Tks="></latexit>

E
⇧,x


�
0(x)

�(x)

�
 O(1).Sampling distribution 

<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D
<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T



Final Step: Coreset Algorithm which “Commutes”
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd
<latexit sha1_base64="CdlYE6b6MjLOSxFolWri5ktwPtU=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KKfUATy2Q6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJIJrdJxvq7Syura+Ud6sbG3v7O5V9w/aOk4VZS0ai1h1A6KZ4JK1kKNg3UQxEgWCdYLxTe53npjSPJYPOEmYH5Gh5CGnBI3keRHBURBk99NH7FdrTt2ZwV4mbkFqUKDZr355g5imEZNIBdG65zoJ+hlRyKlg04qXapYQOiZD1jNUkohpP5tlntonRhnYYazMk2jP1N8bGYm0nkSBmcwz6kUvF//zeimGV37GZZIik3R+KEyFjbGdF2APuGIUxcQQQhU3WW06IopQNDVVTAnu4peXSfus7l7Uz+/Oa43roo4yHMExnIILl9CAW2hCCygk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gBRJ5Hh</latexit>

Rt

<latexit sha1_base64="HvSmYQzPYSdzxWHYoZkZFzosr88="></latexit>

�(x) = sup
c2Rd

kx� ck2P
x02X kx0 � ck2

JL preserves cost up to 
w.p 0.9 

<latexit sha1_base64="ePWhDDpGjJEQ1JRSBBun38CrrqY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OLNCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSfdV73xQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdbqD/VK4yaPowgncApV8OAKGnAHTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f4DqNfA==</latexit>

O(1)

<latexit sha1_base64="J/Mt2Lnv5xbWR64ZEqEpUINf6Sg="></latexit>

�0(⇧(x)) = sup
y2Rt

k⇧(x)� yk2P
x02X k⇧(x0)� yk2

Sample        more  
coreset points, 

decrease variance

<latexit sha1_base64="IwgiObFBYGLFaiEIRrobUN1+Tks="></latexit>

E
⇧,x


�
0(x)

�(x)

�
 O(1).Sampling distribution 

<latexit sha1_base64="YPN6HWASVu1hWz7oAMMZz2HVXQI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/d8uRYw==</latexit>D
<latexit sha1_base64="xbJtsPn3W8Y5sHqDXpLYZ2b/Ysc=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7ArQW2EoI1lhLwgu4TZyWwyZGZ2mZlVw5LCxl+xsVDE1o+w82+cJFto4oELh3Pu5d57gphRpR3n28qtrK6tb+Q3C1vbO7t79v5BS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdD3123dEKhqJhh7HxOdoIGhIMdJG6tnF+/LDCbyEXigRThuTlHuKDjgy6qRnl5yKMwNcJm5GSiBDvWd/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46e2ICj43Sh2EkTQkNZ+rviRRxpcY8MJ0c6aFa9Kbif1430eGFn1IRJ5oIPF8UJgzqCE4TgX0qCdZsbAjCkppbIR4iE4c2uRVMCO7iy8ukdVpxzyrV22qpdpXFkQdFcATKwAXnoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz92BJde</latexit>

w(x) =
T

m�(x)

<latexit sha1_base64="Tm9tMcacFXNHq0P9Lov0F+VrboY="></latexit>

Pr
D

[sample x] =
�(x)

T
<latexit sha1_base64="IwgiObFBYGLFaiEIRrobUN1+Tks="></latexit>

E
⇧,x


�
0(x)

�(x)

�
 O(1).



JL’d Dataset 

X = {x1, . . . , xn} ⇢ Rd

Dataset 
⇧(X) =

{⇧(x1), . . . ,⇧(xn)} ⇢ Rt

⇧

Coreset 
Algorithm

Summary: 
Coresets for Dimension Reduction

Coreset JL’d Coreset 
<latexit sha1_base64="bibQ9AKh1piXgMTajuDxmCMCrtE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVFWCKmBBqmBhLIK2SE0UOa7bWrWdyHYQVZSZhV9hYQAhVr6Ajb/BbTNAy5EsHZ9z77XvCWNGlXacb6uwsLi0vFJcLa2tb2xu2ds7LRUlEpMmjlgk70KkCKOCNDXVjNzFkiAeMtIOh5djv31PpKKRuNWjmPgc9QXtUYy0kQJ7/waeQy+FD0FKAzerQK8baVWZ3nkGvSywy07VmQDOEzcnZZCjEdhfZgZOOBEaM6RUx3Vi7adIaooZyUpeokiM8BD1ScdQgThRfjpZJYOHRunCXiTNERpO1N8dKeJKjXhoKjnSAzXrjcX/vE6ie2d+SkWcaCLw9KFewqCO4DgX2KWSYM1GhiAsqfkrxAMkEdYmvZIJwZ1deZ60jqvuSbV2XSvXL/I4imAPHIAj4IJTUAdXoAGaAINH8AxewZv1ZL1Y79bHtLRg5T274A+szx/7m5k4</latexit>

S = {xi1 , . . . , xim}
<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0

<latexit sha1_base64="77PIH4O++8IhBMt7AGo2o29jn34="></latexit>

⇧(S) =

{⇧(xi1), . . . ,⇧(xim)} ⇢ Rt

<latexit sha1_base64="95ZBYEk68RqYRrNReYUTHSx4kLg=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWoAsYKFsby6ENqoshxndaq4wTbAVVRdhZ+hYUBhFj5ATb+BqfNAC1HsnR0zr3X9x4/ZlQqy/o2SkvLK6tr5fXKxubW9o65u9eRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yP3uPRGSRvxWTWLihmjIaUAxUlryzOoDdPIpHN5AR0XQCZEa+X56nXmpMyR30Mo8s2bVrSngIrELUgMFWp755QwinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6S0ZPNTKAAaR0I8rOFV/d6QolHIS+royX1XOe7n4n9dPVHDmppTHiSIczz4KEgb10XkwcEAFwYpNNEFYUL0rxCMkEFY6vooOwZ4/eZF0juv2Sb1x1ag1z4s4yuAAVMERsMEpaIJL0AJtgMEjeAav4M14Ml6Md+NjVloyip598AfG5w/rqppc</latexit>

w : S ! R�0



Some Open Problems

1. “For-all” vs “Optimal” Guarantees? 

2. Avoiding the “curse of dimensionality:”  
• clustering, subspace approximation,  
• facility location, single-linkage clustering [Narayanan, Silwal, Indyk, Zamir ’21] 
• Wasserstein barycenters [Izzo, Silwal, Zhou ’21]  
•  … ?

[MMR ’19, BBCGS’19]:

<latexit sha1_base64="DlhKJQj4llQe4K5g2Et5KOGSdyw="></latexit>

min
c1,...,ck2Rd

cost(X, {c1, . . . , ck}) ⇡ min
c01,...,c

0
k2Rt

cost(⇧(X), {c01, . . . , c0k})

<latexit sha1_base64="NE9ufu9IVHtss6lC8Doz52ZShOY="></latexit>

8(S1, . . . , Sk) ⇢ X : cost(X;S1, . . . , Sk) ⇡ cost(⇧(X), S1, . . . , Sk)


