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FirstExamply Finding a function that best fits data

Data P ll Y Pn In Yn for Yi ER

thisisDidat
More general data may be 2D Images

3D Medical Images

d Dbion

Lets fit data with constant f en
We need at cost penalty or fidelity n
Lets start with quadradic cost la Ela Yip Cla

is

eg Y 1,3 2,4 f q

h 4

Claim a aver Y s Eti In
pI Take derivative set to zero

C 2 a Yi O

n a Ex a EYi n
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Suppose we want to have a online running
average q gYYi
We use moments

DI Kth moment Mk Yi Kolo 1,2 3

eg Mo i Yion thus aver if
Our cost fan is just the standard deviation

fly indef 4 Y

i 175 2 EYi Eli

Mol 217 Ma Ma 174
Thus if we maintain Mz Mi Mo we

can compute this constant more work

tat T Ma MMM
we will use this fact later



Consider fittingwith piecewise constant
3

but with steps or breakpoints
Suppose we charge RENT for each step

Dej Sla b e 0 if a b
I O W

Goda Find f Sf fn fi E R
to mfin Englfi Yi t a Slfi fi

Such problems can be solved using
DynamieProgramming

We will think of DP as a 4 step process

Steph I def set of subproblems
j q.hffi.gr

Penalty f in fn I cost of opt for
Y Yj

Steph def reeurence

BaseCase C 11 0

Eli
sming

TY's Mi H

iYjn Eli 12 84 1 Y Mt



intuition 4
A Try fitting Y Yj with constant ten
A Try last step at i

Steps Show reecurence is correct E

Claim Cli Eli
Since step2 finds an f and correctly

computes its we get Vj Cli b El'D
to show C l j S Cli

proot Use induction on J
Base case 5 1 is OK

assume I I Vi Isis C i s Ci

Suppose opt solution is fig n f

Casey f has no steps ie f s fj
Penalty f f IT Hi Y Z C j

Cased Last step of f is at i
ie fit f fine Fj

Penalty f 3 Penalty f f at TYYin Yi
C i the 844 Y

3 C Cj
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StepI I determine runtime
1 subproblems is n
2 Costper subproblem

s 0 n

Total 01h31

Note Main cost was computing variances
T2 Yi Yj Vis j

Goal Compute the n variances is 01h27 time

TIen Maketable of moments Mi Mz

es DP M G y Yj it is j

B4MidYi Yj OW

Use formula TH 7 Ma MMM

Total Cost OfND

Open Queston Find o N alg for piecewise constant
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Thehcasy

Prod Input Y 94 Yn

Goal mjm.IE fi Yiltai Slfisfi
consider no step solution

a

e

1.1 If his odd

1 f medianly Yn
KY Yy Ys

Suppose n is even

tt
f between

2 medians work
Same fidelity

1

Det Median Yi Yn3s all Kisa31 11 7931

Penalty where

plYi syjlsj.ES Yz alaemedianEYi Yj

StepI Cli min cost for Y Yj
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Steph C i so

C i min PLY i Y

tin I c lil tat plyin Mj

step3 co essCiE
Same as last time

StepI Timing
subprobs Oln

Given take of values pli D pHi Yj
As last time
each ECD is OLD e ON time

Total time is 01h21plus costof Pli i table

Prod Input in
Compute table pli D kiss

iiSt
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Steph Recurrencey
56 D so if i j

Set Yms median Yi Yj if i it is odd

median Yi Yj O W

set pti i pl is i l t lYjtYml

Correctness Base case 0K
Assumetrue for pli D p Ii j for j ish

Let j i k

CI i i 11 odd then Ym multi j

note Ym c med i i it thus

pli.it Hm Ytl lYm Yl lYj Yml

pli.i il 1Yj Ym13pIii's 11 14 Ym
Fli j



Casey J it 1 even then Ym med i J l

note Ymemedli j
Pti D Mm 1 Mm Ytl t lYi YinI

p Ii j 1 ly Ym13Bliss lily Yml

o

HI Table of medians can be computed in

Olribn



Importantotherobjectirefunctions 9
TotalVariation L L

Mein Effi Y t a Elfi fi I
4 poss be types

Lj Li Li Li Li h hi hi
T 9
mostused

TVusedinimagedenoising
Kleinberg Tardos does case of
piecewise.hn

Total Variation over graphs
G N E f R

m's tin sash 3


