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Billooard problem
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distance parameter
D Cannot place ads that are closer than D miles apart

p—



-9 —»D
X1 X2 X3 X4 X5 X6 X7 X8 X9  X10
V4 V2 V3 V4 V5 V6 V7 Vs Vg V10

=T W w wmm w me

locetterS  tes cool] e distence
Inputis (1, -, 2n) (V1. -, 00), D)

Bestn = ’H\e UK dim %o{ Jrewes Fﬁr Youl QO\M/)c.Zﬁc,\ o L 93
Su\ysci\ to Khe  D- re[)ﬁﬂc?aa d\u\cf €, do

el plce s ik D—Jﬂczfgf 3

cn S\



-3 —

X1 X2 X3 X4 X7 X8 X9 X10
V1 Vo V3 V4 V7 Vs Vo V10
e O T T w=
|ﬂput |S ((CBl,,ZIZn>(’Ul,,Un),D)
Besth = Max viewers for a campaign that uses

billboards {1...n} with separation D.
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|ﬂput |S ((ZEl,,ZUn>(U1,,’lJn),D)
Besth = Max viewers for a campaign that uses

billboards {1...n} with separation D.

Bestn — max

v, + Best,

Best, _,

losestp(n)
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Familiar?

Best, =



Familiar?

Best, _,
v, + Best,

Bestn — max{

losestr(n)



Familiar?

Best,_,
v, + Best,

losestr(n)
-

Bestn — max

This equation is very similar to the log-
cutter equation, with one difference.
We cannot simply use the price to pick
the sub-problem, we have to use D:
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Sillboard Problem

BEST; 1

BEST; = max
v+ BEST ()

best[0] = 0
for i=1 to n

return best[n]



Sillboard Problem

BEST; 1 . fn7
vj 4+ BEST () @Q‘/‘) Tat-

{(\[\C Co J\cQ \“7\'@6_

BEgyxnax{

b -0 00
estlBl= 0 70 s
for i=1 to n

fﬁl 7 R & plewesf~,
1

while( (x[i]-x[cl])< D && c1>0) cl=cl- Cégvt5(’9 7%w&m.

e —————aaa

best[i] = max(best[i-1], vit+best[cl])

return best[n]
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Sillboard Problem

BEST; 1

BEST,; = max
’ { Uj + BEST¢;()

best[0] = 0
for i=1 to n
cl = i-1
. _ This line can take (i)
while( (x[i]l-x[cll)< D && c1>0) cl=cl-1  geisinthe worst case

best[i] = max(best[i-1], vi+best[cl])

return best[n]

Running time (worst case): ©(n?)



Sillboard Problem

BEST; 1

BEST,; = max
’ { Uj + BEST¢;()

best[0] = 0
for i=1 to n
cl = i-1
. , This line can take (i)
while( (x[i]l-x[cll)< D && c1>0) cl=cl-1  geisinthe worst case

best[i] = max(best[i-1], vi+best[cl])

return best[n]
How can we improve?

Running time (worst case): ©(n?)
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Faster way to find each billooard’s buddy:

Pre-process to find every board’s buddy.
right = n, left =n

H
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X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
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Faster way to find each billboard’s buddy: ‘ {
Pre-process to find every board’s buddy. (10]=8

right = n, left =n

move left until dist(x[right], x[left]) > D
buddy[right] = left
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X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
T T FEF =F = ==

Faster way to find each billboard’s buddy: ‘ [
Pre-process to find every board’s buddy. ~ b[10]=8

right = n, left =n

move left until dist(x[right], x[left]) > D

—_—

buddy[right] = left
move right to right
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X1 X2 X3 Xa X5 X6 X7 X8 X9 X10
V1 V3 V4 Ve V7 Vg V10
T T = e =E 3 ==

Faster way to find each billooard’s buddy: ‘

Pre-process to find every board’s buddy.
right =n, left =n
while right and left are valid

move left until dist(x[right], x[left]) > D
buddy[right] = left
move right to right

b[f]=%
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X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
T T FEF =F = ==

Faster way to find each billboard’s buddy: ‘ ‘
Pre-process to find every board’s buddy. b[10]=8

right = n, left =n
while right and left are valid

move left until dist(x[right], x[left]) > D
buddy[right] = left
move right to right

handle all of the remaining buddies for right

Ola)



Setter Billboard

. BEST; 1
. BESTj = max{ s 4 BEST. ¢,
<Preprocess buddies> J cl(5)
best[0] = 0
for i=1 to n
eb—=4-1

white btk < D —&&—€1>0)—cl=clt-1

best[i] = max(best[i-1], vI[jl+best[buddyl[il]) (9(\)
—
return best[n]

O La)

N

-—



Typesetting

It was the best of times, it was the worst of
times, it was the age of wisdom, it was the age of
foolishness, it was the epoch of belief, it was the
epoch of incredulity, it was the season of Light,
it was the season of Darkness, it was the spring
of hope, it was the winter of despair, we had ev-
erything before us, we had nothing before us,
we were all going direct to heaven, we were all
going direct the other way - in short, the period
was so far like the present period, that some of
its noisiest authorities insisted on its being re-
ceived, for good or for evil, in the superlative
degree of comparison only.



It was the best of times, it was the

worst of times, it was the age of wisdom, it e
age of foolishness, it was the epoch of beli

was the epoch of incredulity, it was the seaspn of
Light, it was the season of Darkness, it was

spring of hope, it was the winter of despair,] we had

everything before us, we had nothing before , we
were all going direct to heaven, we were all [going
direct the other way - in short, the period S soO

far like the present period, that some of its
noisiest authorities insisted on its being rekeived,
for good or for evil, in the superlative degrlee of

comparison only.




First rule of typesetting

never print in the margin!

<«—> gre simply not allowed



It was the best of times, it was the worst
of times, it was the age of wisdom, it was
the age of foolishness, it was the epoch
of belief, it was the epoch of
incredulity, it was the season of Light,
it was the season of Darkness, it was the
spring of hope, it was the winter of
despair, we had everything before us, we
had nothing before us, we were all going
direct to heaven, we were all going direct
the other way - in short, the period was

so far like the present period, that some o
noisiest authorities insisted on its being
for good or for evil, in the superlative de
comparison only.
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It was the best of times, it was the worst
of times, it was the age of wisdom, it was
the age of foolishness, it was the epoch
of belief, it was the epoch of
incredulity, it was the season of Light,
it was the season of Darkness, it was the
spring of hope, it was the winter of
despair, we had everything before us, we
had nothing before us, we were all going
direct to heaven, we were all going direct
the other way - in short, the period was

so far like the present period, that some o
noisiest authorities insisted on its being
for good or for evil, in the superlative de
comparison only.
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It was the best of times, it was the

worst of times, it was the age of wisdom,
it was the age of foolishness, it was the
epoch of belief, it was the epoch of
incredulity, it was the season of Light,
it was the season of Darkness, it was the_
spring of hope, it was the winter of
despair, we had everything before us, we
had nothing before us, we were all going
direct to heaven, we were all going direct
the other way - in short, the period was
so far like the present period, that some
of its noisiest authorities insisted on
its being received, for good or for evil,
in the superlative degree of comparison
only.
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Typesetting problem

input:

output:

such that



Typesetting problem

input: W = {wy, w2, ws, ..., w,} .Adf

OUtpUt: L = (wla <. ’wfl)a (w€1+1a <. ,wéz), ceey (w€m+1,...,’wn)

such that



Typesetting problem

input: W =A{wi,ws,ws, ..., Wy }

such that c; < M Vi

min g — cZ




how to solve

define the right variable:



imagine optimal solution




magine optimal solution
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imagine optimal solution

s

X
X Sen last line

fwoll is  wy slack when line starts with  wy
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imagine optimal solution

(

| :

( )

( X

( =y

) St,n last line
fwoll is  wy slack when line starts with — wy

BEST,, = BEST,_| + S




How many candidates
are there for the twoll?



Is w, fwoll?

Cw X

there is no slack (no solution even)
because words go beyond edge!

define S1,» = o0 if this happens




Is w. fwoll?

Cw )

Cw2 J(

Sz,n =




Is w, fwoll?
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Which word is fwoll?



Which word is fwoll?

BEST + 57 ,,
BEST + S5,
BEST: + 53 ,,

BEST,, = min e
n BEST/—1 + S},

BEST,—1 + Sa ,



How to compute S, ;
Sij
=) 3

slack when line
starts with  w;
and ends w;j




Simplest case

S

Wi

slack when line
starts with wi
and ends wi




Simplest case

Sip

w) bw

slack when line
starts with wi
and ends ws




how to compute 5; ;
S'L,]
) 3

slack when line
starts with  w;
and ends w;j




S1.1 Stn

822 .....

Sa3

Sa,4

int infty = MxMx2;

// compute S_ij
int S[I[] = new int[n+1] [n+1];
for(int i=1;i<=n;i++) {
S[il[i] = M - lens[i];
for(int j=i+l; j<=n; j++) {
S[il[j] = S[il[j-1]1 - lens[j] - 1;
if (S[ill[jl<e) {
while(j<=n) { S[il[j++] = infty; }



Typesetting algorithm

make table for S 1,9



Typesetting algorithm

make table for S 1,9

fori=1ton

best[i] = min{ best[§] + s[§+1][i]? }

// compute best_0,...,best_n
int best[] = new int[n+1];
int choice[] = new int[n+1];
best[0] = 0;
for(int i=1l;i<=n;i++) {

int min = infty;
int ch = 0;

for(int j=0;j<i;j++) {
int t = best[j] + S[J+1][i]*S[Jj+1][1i];
if (t<min) { min = t; ch = j;}

}
best[i] = min;
choice[i] = ch;




Example

It was the best of times, it was the worst of times; it was the age of
wisdom, it was the age of foolishness; it was the epoch of belief, it was
the epoch of incredulity; it was the season of

2334262335262333 33
2

2723
212 2335272335212 3362



ﬁrst step: makeS i

1 le 11 12 ...

2334262335262333272333
212 233527233521223362 M =42

Sii =M — |w,]

Sij = Sij—1—1— |wy]




1

First step: make S; ;

|

2334262335262333
212 23352723352122

Sii = M — w]

Sij = Sij-1—1—|wj

272333
3362

M =42



1

First step: make S; ;

|

2334262335262333
212 23352723352122

Sii = M — w]

Sij = Sij-1—1—|wj

272333
3362




second ste

0 1 2 3 4 5

P:

compute

7 8 9 107 .

best | 0

1—1

BEST; = min {BEST; + S7,4,}

7=0

1 2 3 4 5 6 7 8 9 1o 11 12 13




best

choice

1—1
. — ] . 2
BEST; = min {BEST; + 5%, ;}

0 1 10 11 12 13
0 1600
0 0 0
It
1o 11 12 13




best

choice

1—1
i , 2
BEST; = min {BEST; + Sj+1ﬂ-}

0 1 2 10 11 12 13
0 1600 | | 1296
0 0 0 (0]
It was
10 11 12 13




best

choice

1—1
i , 2
BEST; = min {BEST; + Sj+1’z-}

0 1 2 3 10 11 12 13
0 1600 | 1296 | | 1024
0 0 0 0 (0]
It was the
10 11 12 13




best

choice

1—1
i , 2
BEST; = min {BEST; + Sj+1’z-}

0 1 2 3 4 5 6 7 8 9 10 11 12 13
0 1600 | 1296 | | 1024 729 576 289 196 100 36 0
0 0 0 0 0 0] 0 0 0 0 (0]
It was the best
1 2 3 4 5 10 11 12 13




best

choice

1—1
i , 2
BEST; = min {BEST; + Sj+1’z-}

0 1 2 3 4 5 6 7 8 9 10 11 12 13
0 1600 | 1296 | | 1024 729 576 289 196 100 36 0
0 0 0 0 0 0] 0 0 0 0 (0]
It was the best of
1 2 3 4 5 6 10 11 12 13




1—1
i , 2
BEST; = min {BEST; + Sj+1,z-}

0 1 2 3 4 5 6 7 8 9 10 11 12 13

best 0 1600 | [1296| | 1024 | | 729 | | 576 | | 289 196 100 36 0

choice © 0] 0] (0] 0 0] 0] 0 0] 0] 0]

It was the best of times, it was the worst




1—1
i , 2
BEST; = min {BEST; + Sj+1’z-}

0 1 2 3 4 5 6 7 8 9 10 11 12 13

best 0 1600 | | 1296 | | 1024 | | 729 | | 576 | | 289 196 100 36 0

choice © 0] 0] (0] 0 0] 0] 0 0] 0] 0]

It was the best of times, it was the worst

of

Best11 = min {




1—1
i , 2
BEST; = min {BEST; + Sj+1’z-}

0 1 2 3 4 5 6 7 8 9 10 11 12 13
best | 0 1600| | 1296 | 1024 || 729 | | 576 | | 289 | | 196 | | 100 | | 36 0
choice © 0] 0] (0] 0 0] 0] 0 0] 0] 0]

It was the best of times,

it was the

worst of

( BEST1g + 5%1’11
BEST9 + 57011
BESTs + 53 11
BEST7 + 53 11
BESTg + 57 1

BEST{1 = min {




1—1
i , 2
BEST; = min {BEST; + Sj+1’z-}

choice © 0]

0] 1 2 3 4 5 6 7 8 9 106 11 12 13
best 0 1600 [ 1296 | 1024 | | 729 576 289 196 100 36 0
0] (0] 0] 0] (0] 0] (0] 0] 0]
It was the best of times, it was

BEST{1 = min {

the worst of

BESTlO + S%l,ll




1—1
i , 2
BEST; = min {BEST; + Sj+1’z-}

0 1 2 3 4 5 6 7 8 9 10 11 12

13

best 0 1600 | [1296| | 1024 | | 729 | | 576 | | 289 196 100 36 0 818

choice © 0] 0] (0] 0 0] 0] 0 0] 0] 0]

It was the best of times,

it was the worst of

( BEST1g + 5%1’11
BEST9 + 57011
BESTs + 53 11
BEST7 + 53 11
BESTg + 57 1

BEST{1 = min {




1—1
i , 2
BEST; = min {BEST; + Sj+1ﬂ-}

0 1 2 3 4 5 6 7 8 9 10 11 12 13
best 0 1600 | [1296| | 1024 | | 729 | | 576 | | 289 196 100 36 0 818 | | 545
choice © 0 0 0 0 0 0 0 0 0 0 6 6

BEST13 = min <

It was the best of times,

BEST12 + 3123’13
BESTll + 5122’13

BESTg + 57 13

it was the worst of times, it




1—1
i , 2
BEST; = min {BEST; + Sj+1’z-}

0 1 2 3 4 5 6 7 8 9 10 11 12 13
best | 0 1600 | [1296| | 1024 | | 729 | | 576 | | 289 196 100 36 0 818 | | 545
choice © 0 0 0 0 0 0 0 0 0 0 6 6

It was the best of times, it

was the worst of times, it

BEST{2 + 5%3’13
BEST{1 + 5%2’13
BEST13 = min ¢ ...
BEST7 + 5% 13
BESTg + 57 13




d-172-25-159-219: typeset abhi$ java typeset charly 42
best: @ ch 0

best: 1600 ch @

best: 1296 ch @

best: 1024 ch @

best: 729 ch @
best: 576 ch @
best: 289 ch 0
best: 196 ch 0
best: 100 ch @
best: 36 ch @
best: @ ch 0
best: 818 ch
best: 545 ch
best: 452 ch
best: 340 ch
best: 244 ch
best: 164 ch
best: 117 ch
best: 37 ch 9
best: 16 ch 10
best: @ ch 10
best: 509 ch 14
best: 413 ch 15
best: 344 ch 15
best: 133 ch 17
best: 118 ch 17
best: 62 ch 18
best: 32 ch 19
best: 4 ch 20
best: 444 ch 23
best: 348 ch 23
best: 277 ch 24
best: 197 ch 24
best: 149 ch 24
best: 87 ch 26
best: 66 ch 26
best: 446 ch 31
best: 377 ch 31
best: 297 ch 32
best: 233 ch 32
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best:
best:
best:
best:
best:
best:
best:
best:
best:
best:

best:
best:
best:
best:
best:
best:
best:
best:
best:
best:
best:
best:
best:
best:
best:
best:
best:

0 ch
1600
1296
1024

0

ch 0
ch 0
ch 0

729 ch @
576 ch @
289 ch 0
196 ch 0
100 ch 0
36 ch @
0 cho

818
545
452
340
244
164
117

ch

o
>
WO NNO O

ch

37 ch 9
16 ch 10
0 ch 10

509
413
344
133
118

ch 14
ch 15
ch 15
ch 17
ch 17

62 ch 18

It
It
It
It
It
It
It
It
It
It
It
It
It
It
It
It
It
It

It
It
It
It
It

It

was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was
was

the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the
the

best
best
best
best
best
best
best
best
best
best
best
best
best
best
best
best
best
best
best
best
best
best
best

times,
times,
times,
times,
times,

it
it
it
it

was
was the
was the worst

times,\nit was the worst
times,\nit was the worst
it\nwas the worst
it\nwas the worst

times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,

it
it
it
it
it
it

it
it
it
it
it

was\nthe worst
was\nthe worst
was the\nworst
was the\nworst

of
of
of
of
of
of
of
of

was the worst\nof
was the worst\nof
it\nwas the worst

was\nthe worst
was\nthe worst
was the\nworst
was the\nworst
was the\nworst

of
of
of
of
of
of

times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
times,
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it
it
it
it
it
it
it
it
it
it
it

it

was
was
was
was
was
was
was

was
was
was
was
was

the

the age

the age of

the age of wisdom,
the age of wisdom, it

the age of wisdom, it was
was\nthe age of wisdom, it

the\nage of wisdom, it
the\nage of wisdom, it
the age of\nwisdom, it
the age of\nwisdom, it
the age of wisdom,\nit

was
was
was
was
was
was

the
the
the
the
the
the

age
age of

age of foolishness,
age of foolishness, it
age of foolishness, it was



// read input

try {
BufferedReader bin = new BufferedReader(new FileReader(args[0]));
String line = bin.readLine();
String words[] = line.split(" ");
int anftyord¥rNedgth;
int M = Integer.parselnt(args([1]);
{Atcompyle S_hdw int[n+1];
0t ($ht [1=2;newnjntiny1] (n+1];
for(iehsitl; #<wordsfi-1]. length();
sfil{ahstilom) lens[il;
for($pstamiolt. ﬂ)ﬁiﬁtlﬂmf‘*‘\hofd t00 lon%")
isiém]exﬁ(;}h 1] - lensljl
} T (S[il[jl1<0) {
} while(j<=n) { S[i]l[j++] = infty; }
}



int infty = MMx2;

// compute S_ij
int S[I1[] = new int[n+1] [n+1];
for(int i=1;i<=n;i++) {
S[il[i]l = M - lens[il;
for(int j=i+1; j<=n; j++) {
S[il[j]1 = S[il[j-1]1 - lens[j]l - 1;
if (S[il[jl<e) {
while(j<=n) { S[il[j++] = infty; }

// compute best_0,...,best_n
int best[] = new int[n+1];
int choicel[]l = new int[n+1];
best[0] = 0;
for(int i=1;i<=n;i++) {
int min = infty;
int ch = 0;
for(int j=0;j<i;j++) {
int t = best[j] + S[j+1]1[i1%S[j+1][i]l;
if (t<min) { min = t; ch = j;}

best[i] = min;
choicelil = ch;



int infty = MxMx2;

// compute S_ij
int S[1[] = new int[n+1] [n+1];
for(int i=1;i<=n;i++) {
S[il[i] = M - lens[i];
for(int j=i+1; j<=n; j++) {
S[il[j] = S[il[j-1] - lens[j] - 1;
if (S[il[jl<0) {
while(j<=n) { S[il[j++] = infty; }
¥



int infty = MxMx2;

// compute S_ij
int S[1[] = new int[n+1][n+1];
for(int i=1;i<=n;i++) {
S[il[i] = M - lens[il;
for(int j=i+1; j<=n; j++) {
S[il[j] = S[il[j-11 - lens[j] - 1;
if (S[il[jl<e) {
while(j<=n) { S[il[j++] = infty; }
¥

b

// compute best_0,...,best_n
int best[] = new int[n+1];
int choice[] = new int[n+1];
best[0] = 0;
for(int i=1;i<=n;i++) {
int min = infty;
int ch = 0;
for(int j=0;j<i;j++) {
int t = best[j] + S[j+1]1[i1*S[j+1]1[i];
if (t<min) { min = t; ch = j;}
¥
best[i] = min;
choicel[i] = ch;



// backtrack to output linebreaks

int end = n;

int start = choicelend]+1;

String lines[] = new Stringl[n];

int cnt = 0;

while (end>0) {
StringBuffer buf = new StringBuffer();
for(int j=start; j<=end; j++) {

buf.append(words[j-11 + "™ ");

lines[cnt++] = buf.toString();
end = start-1;
start = choicelend]+1;



Knapsack

‘l;.,".



Sack has Capacity W

@'
4
W

W1 V1

W2 V2

W3 V3

Each item
has a weight wi
and a value v;

Goal is to select

a set of items that

“fit” into the Knapsack
and have the greatest
value.



Define a quantity that captures the optimal solution:
Best( {1,...,n}, C) :

Consider the very first item. Is it part of the max solution?

. W1 Vi1



Define a quantity that captures the optimal solution:

max value obtainable from items

Best({1,....n}, C) - {1...n} that fit in sack of size C

Consider the very first item. Is it part of the max solution?

' W1 Vi1



Define a quantity that captures the optimal solution:

max value obtainable from items

Best({1,....n}, C) - {1...n} that fit in sack of size C

Consider the very first item. Is it part of the max solution?

' W1 Vi1

B2...n,C) if not included }

B(l...n,C) = "
(1.7, C) max{v1+B(2...n—1,C—w1) if in



SRecursive structure

Either the best solution doesn’t include item i

B({i...n}, C) = max

Or, it includes item i and the best solution for the
remaining space, C-w;



—Recursive structure

Either the best solution doesn’t include item i

B({i+1...n}, C)
B({i...n}, C) = max .
vi+ B({i+1...n}, C - w)

Or, it includes item i and the best solution for the
remaining space, C-w;



B({}, 0...W)

B({n},0..W)

Pick an order

Start from the last item

0

0

0

0

0

0

0

0




B({},0..W) olo|lolo]o]olo]olo]o

B({n},0..W)

Pick an order

Start from the last item

{B({},C)
B( {n}, C) = max
vn+ B({}, C-wn)




Pick an order

Start from the last item

B({},0..W) 0

0

0

0

0

0]0{0({0]|0

B({n},0..W) 0

B( {n}, C) = max {

B({},C)
vn+ B({}, C-wn)

Vn

Vn




B({}, 0...W)

B({n},0..W)

B({n-1..

.n} 0..W)

Pick an order

Start from the last item

0

0

0

0

0

0

0

Vn

Vn

Vn

Vn

15

17

Vn

Vn

40




Pick an order

Start from the last item

B({},0...W) olojo|olololololofo]| - o]0
B({n},0...W) ololo]olo]o]va|valvalwa] = [wa]wa
15 17 40

B({n-1...n}, 0...W)

B({i+1...n}, C)
B({i...n}, C) = max ,
vi+ B({i+1...n}, C - w)



Knapsack( {w;,Viin, W)

Initialize B( {n-1}, 0...W) =0
forifromnto 1

for j from O to W B(i+1 ., ])
B(1i, ] ) = max L
vi+ B(i+1,j - w)

aslongasj>w
because otherwise,
this term is negative

Return B(1,W)



Knapsack( {w;,Viin, W)

Initialize B( {n-1}, 0...W) =0
forifromnto 1

for j from O to W
B(i,j)=B(i+1,])

if j > wiand B(i+1, j-wi )+ vi > S(1i, j)
B(i,j) = B(i+1, j-wi )+ vi

Return B(1,W)

How can we determine WHICH items are selected?



Knapsack( {w;,Viin, W)

Initialize B( {n-1}, 0...W) =0
forifromnto 1

for j from O to W

B(i,j)=B(i+1,])
pick(i, j) = false
if j >wiand B(i+1, j-wi )+ vi > B(, j)
B(i,j) = B(i+1, j-wi )+ vi
pick(i, j) = true

//Backtrack to find solution

cap =W, sol = {}
forifrom 1 ton

if picked(i,cap) = true { sol = sol + {i}; cap =cap - w;; }



PROBLEM: REDUCE IMAGE WIDTH

scaling: distortion
deleting column: distortion
delete the most invisible seam



http://www.youtube.com/watch?v=gadw0OBRKeMKk



http://www.youtube.com/watch?v=qadw0BRKeMk

O -ioix

‘Tmage Resizing

Shai Avidan
Mitsubishi Electric Research Lab

Ariel Shamir
The interdisciplinary Center & MERL

http://www.youtube.com/watch?v=gadwOBRKeMk



http://www.youtube.com/watch?v=qadw0BRKeMk
http://www.youtube.com/watch?v=qadw0BRKeMk

DEMOQO?

http://rsizr.com/



http://rsizr.com




WHICH SEAM TO DELETE?




ENERGY OF AN IMAGE

e(I) =

“magnitude of gradient at a pixel”

9,
0x

9.,

ox "

—1

0

Yy

y Ia:+1,y

|




energy of sample image

thanks to Jason Lawrence for gradient software






BEST SEAM HAS LOWEST ENERGY




FINDING LOWEST ENERGY SEAM?




DEFINE A VARIABLE:

Si(J)



definition: Sn (])

n— HHNNNENENEEEEEEEEEEEN
n-1  HHNEEEEEEEEEEEEEEEEEN
ENEEEEEEEEEEEEEEEEEENm
ENEEEEEEEEEEEEEEEEEENm
EEEEEEEEEEEEEEEEEEEEN
EEEEEEEEEEEEEEEEEEEEN
ENEEEEEEEEEEEEEEEEEENm
ENEEEEEEEEEEEEEEEEEENm
EEEEEEEEEEEEEEEEEEEEN
EEEEEEEEEEEEEEEEEEEEN
2 AN EEEEEEEEEEEE.
] IS EEEEEe



definition:
Sn(J) best seam ending at (n,))

- ANNIEEEENEEEEEEEEEEE
n-1 [ HENEEERENEEEENEEENEEN
EEEEEEEEEEEEEEEEEEE.
L rrtrrtattrrrrrrelrd
CLrrrtrrerperrrrtrrbrr
CLrrrrrererrrrrtrrbrr
EEEEEENNEEEEEEEEEEEE .
L rrtrrbrertrrrrrrrelrd
L rrtrelrerrrtirrbrr
L rrtrAaArterrrrtrrbrr
2 HNEEEENEEEEEEEEEEEE.
s ettt rrtr e



BEST SEAM TO DELE

E HAS TO

BE THE BEST AMONG

7%27

Sn(m)



IDEA: COMPUTE + COMPARE

n HNNENENEEEEEEEEEEEEE.
n-1 [ HHNEEEEEEEEEEEEEEEEE
ENEEEEEEEEEEEEEEEEEEN
EEEEEEEEEEEEEEEEEEEE .
EEEEEEEEEEEEEEEEEEEE .



IMAGINE YOU HAVE THE
SOLUTION TO THE
FIRST N-T ROWS




EZEEZEEEEN

Sn-1(2) S, (m)

-~ AN



141141111

n 1(2

~AAIIEEEENE




Sp(1)

n-1(2) S

~AAIIEEEEEN

Sp(1) =e(n,1) + min{S,_1(1),5,-1(2)}



J
Il EREEENE
= 1 1 EEEN

Si(j) —




J
: IIII%IIIII
-1 [ EEEN
Si_l(j:—l)

Si(7) = e(i,j) + min { Si—1(7)
Si—1(7 +1)




ALGORITHM

start at bottom of picture

ey <lim
Y TTTITTITD



ALGORITHM

start at bottom of picture.  initialize  S1(4) = e(1,1)

- INNEEEEEEE



ALGORITHM

start at bottom of picture.  initialize  S1(4) = e(1, 1)
for i=2 to n use formula to compute Sit+1()
Si1(G—1)
Si(j) = eli,j) + min{ Si—1(7)
Si1(j+1)

L
A 111111111
+ | [ I I O O



ALGORITHM

start at bottom of picture.  initialize  Si(¢) = e(1,1)
Si— 1(] - 1)
Si— 1( )

Sl 1(.7 + 1)

for i=2, n use formula to compute  Si+1()
Si(5) = e(i, j) +min{

Sv(




ALGORITHM

start at bottom of picture. initialize  S1(¢) = e(1,7)
for i=2, n use formula to compute  Si+1() Seal—1)
Si(7) =e(i,7) —i—min{ Si—1(J)
Si—1(j+1)

pick best among top row, backtrack.



RUNNING TIME

start at bottom of picture.  initialize  Si(2) = e(1,1%)
for 1=2, n use formula to compute Sit1() (¢ 1)
Si(4) = e(i, j) +min{ Si-1(J)
Sz 1(] + 1)

pick best among top row, backtrack.



