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s.t. Ax = b
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But what we would like is xk

for which hc,⇡(xk)i  z⇤ + ✏,
where z⇤ is the optimal value
of the hyperbolic program.
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By relying on an approach which makes use
of a sequence of values z(j) for the optimization problem on the right,

we are able to devise an algorithm with the desired property,
except for error being measured relatively rather than absolutely:
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= level set

Diam := supremum of diameters of level sets for objective values  c · x0

x0
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Subsequently, PhD student Ben Grimmer designed a more attractive algorithm
and obtained a bound with the same dependence on ✏,
but nicer in other regards.
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error measurement is relative
rather than absolute
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(for fixed µ > 0)
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Easy to see: �min(x)� µ lnn  fµ(x)  �min(x)
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fµ(x) := �µ ln
P

j exp(��j(x)/µ)
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Smoothing
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Motivated by work of Nesterov pertaining to SDP,
we rely on the concave function
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In some important cases (e.g., Rn
+) the value re is easily computed,

but it not realistic to assume re is easily computable
when K is a general hyperbolicity cone.
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Thus we rely on a“universal” accelerated method by Nesterov
which requires only a guess of the Lipschitz constant . . .
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Pf: Thanks to Nesterov, Helton, Vinnikov and an old analysis result. ⇤
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Thm: Obtain iterate xk satisfying
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with the number of gradient evaluations
being only of order
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The paper also gives focus to showing that
if values and gradients can be e�ciently computed for p,
then they can be computed e�ciently for fµ
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This is made explicit for cones which are intersections of quadratic cones.
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Two facts helpful in motivating what follows:
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1) For SDP,
computing rfµ(X) requires a full eigen-decomposition of the matrix X,
whereas for computing a supgradient of the function X 7! �min(X),
it su�ces to compute (to high precision) an eigenvector only for �min(X).
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2) For a generic set of SDP’s, there is a unique optimal solution X⇤,
and the objective function at feasible points in a neighborhood of X⇤

grows quadratically in the distance to X⇤:
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This fact has been available for almost 20 years,
but recently PhD student Lijun Ding was the first
to provide characterizations of µ and � in terms natural to the SDP literature.
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From (2) follows for each of the generic SDP’s
that there exist positive �z and µz for which
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For non-di↵erentiable f , we relied on the subgradient method,
in which ↵k = ✏/kgkk2
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When ✏ is small and f(x0) � f⇤,
the step size ↵k = ✏/kgkk2 makes slow progress,
leading to 1/✏2 in the complexity bound.
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<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



20✏
<latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit>

21✏
<latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit>

22✏
<latexit sha1_base64="M1Fwi8WCSoN8LoQKv/vLFFOsJ6I="></latexit><latexit sha1_base64="M1Fwi8WCSoN8LoQKv/vLFFOsJ6I="></latexit><latexit sha1_base64="M1Fwi8WCSoN8LoQKv/vLFFOsJ6I="></latexit><latexit sha1_base64="M1Fwi8WCSoN8LoQKv/vLFFOsJ6I="></latexit>

23✏
<latexit sha1_base64="6PyoCvBr8dPqabSvP99ia14VBJg="></latexit><latexit sha1_base64="6PyoCvBr8dPqabSvP99ia14VBJg="></latexit><latexit sha1_base64="6PyoCvBr8dPqabSvP99ia14VBJg="></latexit><latexit sha1_base64="6PyoCvBr8dPqabSvP99ia14VBJg="></latexit>

24✏
<latexit sha1_base64="iIUDL0qQJz9FPSndgIYBrkAshdI="></latexit><latexit sha1_base64="iIUDL0qQJz9FPSndgIYBrkAshdI="></latexit><latexit sha1_base64="iIUDL0qQJz9FPSndgIYBrkAshdI="></latexit><latexit sha1_base64="iIUDL0qQJz9FPSndgIYBrkAshdI="></latexit>

subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



21✏
<latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit>

subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



20✏
<latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit>

22✏
<latexit sha1_base64="M1Fwi8WCSoN8LoQKv/vLFFOsJ6I="></latexit><latexit sha1_base64="M1Fwi8WCSoN8LoQKv/vLFFOsJ6I="></latexit><latexit sha1_base64="M1Fwi8WCSoN8LoQKv/vLFFOsJ6I="></latexit><latexit sha1_base64="M1Fwi8WCSoN8LoQKv/vLFFOsJ6I="></latexit>

subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



21✏
<latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit><latexit sha1_base64="PSX2nP0oee2WBUVdy4TB5pNaMOI="></latexit>

subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



20✏
<latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit><latexit sha1_base64="85Rei0pvqPzPXjHPrs8hzxhw0oc="></latexit>

subgrad4<latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit><latexit sha1_base64="eVI5Ec7ctMAfZeO/Eze/9A3AMUc="></latexit>

subgrad3
<latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit><latexit sha1_base64="6Lg3x/TRXie/xFIJtIX1x6awF44="></latexit>

subgrad2<latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit><latexit sha1_base64="KOK/PpZ3CbDCsP3L/7wdferdTNw="></latexit>

subgrad1<latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit><latexit sha1_base64="pdEmIZXdGGEcC5oWZQoLLvj+cMM="></latexit>

subgrad0
<latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit><latexit sha1_base64="1I6t5Iwvi/Hhg2BW/zVeqPblk/s="></latexit>

x+ = PQ( x� 2n✏ g/kgk2 )
<latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit><latexit sha1_base64="Ev49lBywpJ51WWUuVTt7TdgLvpA="></latexit>

subgradn
<latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit><latexit sha1_base64="KGyjf3yD4ZbjBIYy87beQT5P6bg="></latexit>



Then for the parallel scheme,
<latexit sha1_base64="JlIfLQVWH4H33s5gRAWPN/UszbA="></latexit>

min f(x)
s.t. x 2 Q

<latexit sha1_base64="lLd8Oej4AJfWbkDVmi/geV/5XXs="></latexit>

convex function
<latexit sha1_base64="BrrI/xpOqxmaCMDrr75uMPp1bqw="></latexit>

closed convex set
<latexit sha1_base64="w4vS01yl2f0zjJiroED1WKW173U="></latexit> xk+1 = PQ(xk � ↵kgk)

<latexit sha1_base64="rjz+XmqL8k/sPVQTApCPuVN6otg="></latexit>

“step size”
<latexit sha1_base64="oQL59VlhHV1fUOrnxusieyyja+M="></latexit>

gradient (or subgradient)
of f at xk

<latexit sha1_base64="OJFmiXgTx3p3hoZKsAaf/WYnJYM="></latexit>

orthogonal projection
onto Q

<latexit sha1_base64="KD+cwH/Po77PtDAYgx7PCM4umsI="></latexit>

Now assume f possesses quadratic growth:
<latexit sha1_base64="TUcdFJ12Ff9CbM54daDVc4ZMyKI="></latexit>

x feasible and dist(x,X⇤)  � ) f(x)� f⇤ � µ dist(x,X⇤)2
<latexit sha1_base64="LPzovXK7jfBCTCRq1NOOIU27Ij8="></latexit>

Then for the parallel method, subgradient evaluations su�ce to compute x
satisfying

<latexit sha1_base64="XJIVSntOE9xhUYWM4pimAx3hnYA="></latexit>

subgradient evaluations su�ce
<latexit sha1_base64="H/407tdqIOyvRgVqJwmgNhYAADE="></latexit>

O

✓
1

✏
log2

✓
1

✏

◆◆

<latexit sha1_base64="p9/pkINb1ZUgKb7QULAcBQQMHL0="></latexit>

to compute x 2 Q satisfying f(x)� f⇤  ✏
<latexit sha1_base64="Lhl1EfMcX9Am/n02H7LzTw5tHME="></latexit>

hiding everything besides ✏
in the big-O

<latexit sha1_base64="dM31t0WySlBL+Ubj9NI13troJws="></latexit>



max �min(x)
s.t. Ax = b

hc, xi = z
<latexit sha1_base64="oaZT81jtyr4hnoAoUqQV2vmCoZU="></latexit>

By applying the parallel scheme to solving the eigenvalue optimization problem,
it is possible to devise a method which within

<latexit sha1_base64="t7dH82WyQGWSVTBdoBujXdNVHPQ="></latexit>

computes a feasible symmetric matrix xk satisfying
<latexit sha1_base64="Laz4KgsF8NwHsGCmbdoevMFlTyQ="></latexit>

hc,⇡(xk)i � z⇤

hc, ei � z⇤
 ✏

<latexit sha1_base64="BoZ31pIWcvpudS24lEtRYrCuBHM="></latexit>

gradient evaluations
<latexit sha1_base64="OUzhH5NaFwIJzcYznfWPiKIzkW0="></latexit>

O

✓
1

✏

◆

<latexit sha1_base64="PWJ2KC+fJg6J2kCXLPWNLdEQ+Y0="></latexit>

here the big-O is relatively nice,

and applies to all SDP’s

with bounded level sets
<latexit sha1_base64="U6nVho8GTYjOgTJejIqwmsWLHaY="></latexit>

Recall, by contrast, the smoothing approach requires
<latexit sha1_base64="qOoEh/xREjLOTlgiBIu6Bqa+L6M="></latexit>

But a subgradient evaluation requires only
computing an eigenvector for �min(x),

whereas in the smoothed setting,
a gradient requires a full eigendecomposition of x.

<latexit sha1_base64="FIT7VnxP5G1X9JTjvbiCPQVZzHg="></latexit>

Which approach is “best”?
<latexit sha1_base64="WSUeXk+eqpi6hEexH3oUQsdnO6Y="></latexit>

x feasible ) �min(x⇤
z)� �min(x) � µzdist(x,X⇤

z )
<latexit sha1_base64="yTpSqyrjvOxrBByXzCq4F5u4sOE="></latexit>

O

✓
1

✏
log

✓
1

✏

◆◆

<latexit sha1_base64="ngs6A7ds5ag8NaJ9IEzaHHYhUqQ="></latexit>

subgradient evaluations,
<latexit sha1_base64="4Gnx6Zj78dW0QfIL4NiLG1i47io="></latexit>
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✓
1

✏

◆2
!

<latexit sha1_base64="KFtd09tSwjVPsLnEd8iSvvM4MXg="></latexit>

subgradient evaluations su�ce
<latexit sha1_base64="vHXhQVjnCsPXxbD+C4J1jdBbIr4="></latexit>

It’s not clear. However, the answer is clear

in the special case of linear programs.
<latexit sha1_base64="9P9jcmp6upeSBLpv1p48RC8kySQ="></latexit>

For the parallel scheme,
<latexit sha1_base64="p2GAs8S38LQRbuI+tfkt7Ytt3NQ="></latexit>

For every polyhedral cone K,
the convex function x 7! �min(x) is piecewise linear
and thus possesses “linear growth”:

<latexit sha1_base64="VnAPHX8Q1p8179PSck0720sJ5CM="></latexit>

lots is being hidden in the big-O
<latexit sha1_base64="j3bbCnCmoQmwZwa18cB6aUX9OGA="></latexit>



“E�cient” subgradient methods for general convex optimization
<latexit sha1_base64="TSC1oVu7xIHUIJwvnHpYrUqMgE8="></latexit>

Accelerated first-order methods for hyperbolic programming
<latexit sha1_base64="LU3hkMDQH26qRadU5ASgMY92/Y8="></latexit>

with Ben Grimmer:
A simple nearly-optimal restart scheme for speeding-up first order methods

<latexit sha1_base64="DiHmaNOOBnwfbNk4ssbRr35VBEM="></latexit>

Ben Grimmer: Radial subgradient method
<latexit sha1_base64="O3DonwfJiT0gc0PiHsre28nCP78="></latexit>

min hc, xi
s.t. Ax = b

x 2 K
<latexit sha1_base64="ucjZgq4xLkJZg+YKDvfEa3Pp4v8="></latexit>

max �min(x)
s.t. Ax = b

hc, xi = z
<latexit sha1_base64="LuRLwjKfT1BpviQqeIBPQSeqBcQ="></latexit>

⌘<latexit sha1_base64="iWZG4Nz4TBJMz6v4jOAnSNNin5c="></latexit>


