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minimize f(x) subjectto {(x eR":0<x;<1,i=1,..,n}

Lipschitzg-#: |f(x) —fW)| S L|x —yle, VX, y €C

#L=2. n=10, £ 2 E AR te=1%NHRILEBALEILEA

L n
|| =10%, =zssstim >10000%F1 ?



£, 4% AL
1084 F ¥A AT ...

& 44U

1984 % , Karmarkar £
H R RET 304
4] 47 Interior Point44 4L
Bk, ‘BE T &K
A4 19] A7 o

[Karmarkar’84, SCI: 1314]
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“The great watershed in optimization isn’'t between linearity
and non-linearity, but convexity and non-convexity”

|Rockafellar '93]
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Interior Point Method

minimize f(x) subjectto h;(x) <0

minimize f(x) — A 2 log(—hi(x))

32 iterations is all that you need ...
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Total Variation
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m minimize ||X(b) — XHZ

subject to |b;| <3./4;

[Cootes’gs, SCI: 1831]
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X AE & AR F A 6 £ KA
o Ai® %I B (Affinity)

af fc = exp(=llc(x) — cWl/20%)
c BHEHKA

af fp = exp(=llx — yll/205)
s REME

aff(x,y) = affc + A*affp
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#) & — > B (Graph)V: [Z. Wu '93]
HENEEAT S, A =

%+ BaE(0)% minimize cut(R,C) = z w(x,y)
F @& £ 9 69 £ T B ;EICQ

% 5f A ot iq) & o& [Ford & Fulkerson’ 62]



Normalized Cuts:

Ncut(R,C) =
cut(R,C) cut(R,(C)

SFRV) T aff(C,V)

[J. Shi 00, SCI: 1488]
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More Examples ...

Low-rank matrix approximation using L1 norm
|Eriksson’1i0, CVPR Best Paper]

Non-rigid surface detection [Pilet’o5, CVPR Best Paper]

Graph cut based inference with co-occurrence statistics
|Ladicky’10, ECCV Best Paper]

LMI relaxation in geometric reconstruction
|Kahl’'og, ICCV Best Paper]

Compressive Sensing (L1 Optimization)
Local Linear Embedding (Quadratic Optimization)
Support Vector Machine (Quadratic Optimization)
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f(x)

0 S AR = K ok

giveny; <y~ y, 2y
do
t= (x;+x,)/2
minimize 0 s.t. f(x) <t
if succeed y, =t
else y;=t

Whlle yu L yl > ©
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Nesterov ‘04| Introductory lectures on convex optimization : A Basic course
Karmarkar’84] “A new polynomial-time algorithm for linear programming”
Fergus’o6] “Removing camera shake from a single photograph”

Kahl'o8] “Practical global optimization for multi-view geometry”

|

|

|

|

[Schnorr’o6] “Convex and Non-Convex Optimization”

[Rudin’gz] “Nonlinear total variation based noise removal algorithms”
[Cootes’o1] “Active shape models-their training and application”

|

Z. Wu'g3] “An Optimal Graph Theoretic Approach to Data Clustering: Theory
and Its Application to Image Segmentation”

[Ford & Fulkerson’62] Flows in Networks

[J. Shi’00] “Normalized Cuts and Image Segmentation”



Fcdre

[Erriksson’10] “Efficient Computation of Robust Low-Rank Matrix
Approximations in the Presence of Missing Data using the L1 Norm"

[Pilet'o5] “Real-time non-rigid surface detection”
[Ladicky’10] “Graph cut based inference with co-occurrence statistics”
[Kahl'os] “Globally optimal estimates for geometric reconstruction problems”
[Donoho’'o6] “Compressive Sensing”

[Roweis & Saul’'oo] “Nonlinear Dimensionality Reduction by Locally Linear
Embedding”

[Cortes & Vapnik'gs] “Support-Vector Networks”
[Dijkstra’sg] “A note on two problems in connection with graphs”

[Chen'10] “Face Image Relighting using Locally Constrained Global Optimization”



Fcdre

[Gong'1] “Quasi-convex Optimization of Metrics in Biometric Score Fusion”

[Xia'n] “Segmenting the Subthalamic Nucleus Using Narrow Band Limited
Variational Level Set Method”

[Chen'12] “Robust Welding Seam Tracking using Image Seam Extraction”
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