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ISBS 70.99 | 8.21 | 39.60
ooooil 48.65 | 7.25 | 27.95
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035 000000 0Udbeaelpyb 00O d Bidirectional Similarity U O O O d0
y=10-(r+p)0

¢ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0.1 |22.78 | 21.86 | 21.89 | 22.80 | 23.19 | 22.91 | 22.87 | 22.93
0.2 |23.09|22.11 | 22.11 | 23.17 | 23.08 | 23.17 | 22.93 -
0.3 |23.26 | 20.81 | 22.50 | 22.74 | 23.23 | 23.09 - -
0.4 |22.28]20.72 | 23.15 | 23.13 | 23.23 - - -
0.5 |[22.00 | 2274 | 22.57 | 23.23 - - - -
0.6 |21.95] 2248 |23.79 - - - - -
0.7 |20.63 | 20.82 - - - - - -
0.8 |20.57 - - - - - - -
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(c) bicubic (211 % (c) bicubic (213 x (c) bicubic (244 x (c) bicubic (229 x
188 [pixel]) 240 [pixel]) 240 [pixel]) 225 [pixel])

(d) Seam Carving (d) Seam Carving (d) Seam Carving (d) Seam Carving

(e) ISBS

-

(e) ISBS

(e) ISBS

(f) k =170,4 =10, () «x=250,4=10, ) «=100,4=10, (f)«=200,1=10,
a=02,=07,y= a=02,=07,y= a=0.1,=08,y= a=03,=0.6,y =
0.1 0.1 0.1 0.1
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(a) 320 x 240 [pixel] «=250,4=10

(b)=0.108=0.50(c) @ =0.10 8 = 0.80(d) @ = 0.20 g = 0.70(e) @ = 0.30 8 = 0.6
vy=04 v=0.1 v=0.1 v=0.1
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Ub000x00000x0:/000000000
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0, ifxeH,
tg(x) = “4.2)
oo, otherwise.

0042300000 proper0000) 00 F:RY 5RU{eo}000O0DODOO
0000000 00C0C fO00000 proper 00000000000

1. dom(f) = {x e RV | f(x) < oo} # 0.
2. leve(f)={(xeRV | f(x)<a}0 000 eeRODDOOOOODOODO
3 fQx+ (1= Dy) < Afx) + (1= Df@)0 Vx,y e RVO VA € 0, ).

0000000000000 00C0ORYODOODOOOOOOOO proper000
O0000T,®RYHYODOOO

004240 0000)000000y€e0,400)0 0000 felp@® O OO
gbobobogbgobobob

1
prox,, : RV SRV : x> arg min| f(y) + —||x — y||% . 4.3)
YeRrRV 27

004250 0000)00HCcRNO0ODO0O0OHOOOOOOOOODOODO
egfHOODOUOODOODODOHOOODODOO 00 00bO0oobooboo

ri(H) = {x € H | Ball(x,r) N affH € H,3r > 0}. (4.4)

000 O0Ballx,r)={y|lly-xl>r 0000
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43.2 ROIOO[O
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u*

arg min {(u)
UcR2

= arg lll‘I;]IRI;” Epos(u) +Eshape(u) +Ecohere(u)- (45)

00003000 EpD Egpaped 000 Eopere 1 0 00 0 MROID O O OM ROI
0000000000000 0000000000000000000000
0000000000000 000000000000000000000
0000000000000 000000O000000000000000
000000000000 «000000000000000000000
000000000000000000000000000000000
0@5000003000000000000000 @50000000
0000000000000 00000000000000000«*000
0000000000000 0000000000000000

ROIDOOOOOOOOODOOODOOODOO

4320000000000ROIDODODOOOODOODOODODODODOOOOO

gobuguobobog:gbgRrOoIcgoogooooboo oboon
00000 ,0000000000000g¢,eR?000000000000
¢g;€cR°00 0000000000000 00000O0OODOOg,eR?*00
gboboouoobobogq:oboRrOIcogbgbooboboooboba
gooobogbdgbscOROIDODODOODOOODOODODOODOODLDOD
gbogooobobobaobooogab

Eps) = 3 SHda (R + 2NGu -Gl + Y 3w, (R, (4.
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Eshape(u) LHf(Fu)’ (410)
Hy = {x|x=Fv)}. 4.11)
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A
Eoopere(tt) = anuué + 1y, (Bu) + 1 (w), (4.12)

O000DeR™O00000000000O000000O0OOOOOOOOO
guobouoboobooboubouobouoboobouoboo433000
b rgbogbogbodgpbRrROIDdbgoboobobbobobobn
gbobooooboobobobo

Ud0wBwyyOOOOSOOODOOOOOOOODOOOOOOOOOOO0
oooobboboorooboooooooboooooobtywwbbooood

gooooogd
H, = {x|x=Bu,Bu=1,)B.u=uwrly),
Byu = 1,,), Bpu = hrl,,,
B = (B, B;.B,B,)"}. (4.13)

H = {ull<u<wr1<ul<hpick}. (4.14)
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44 000000

gooo2000000000 @5 00000000 alternating directions
method of multipliers (ADMM) [36,37]0 000000000 0OOO0OOO0OO
gbogbobuogbobobuobuoboboobdgbo

4.4.1 Alternative Directions Method for Multipliers (ADMM)

gbogoobooboboboooon

min ¢(x) + ¢,(Mx), (4.15)
XeRM

O000¢ eToRMO g eyR™)H)ODODDOMeR>MO0O000O00O0OOO
gobogobooobodds=MMyydobooobbobobooonboo
gbogbobuoogodgbobobob

min  ¢(x) + ¢o(s), subject to s = Mx. (4.16)

XeRM ,SeRM2

O00OD0D0O0OD0O0O0O0O0O0O0OO O Alternative Directions Method for Multipliers
OADMM [36,37,38]00 0 00 00000ODODODO0O0OOOOODODODOOO
000000000 Algorithm?20 0 00O

U0OOADMMU OO O O Eckstein-Bertsekas 1 D 0 0D 0 0004410000
ooooog

0 O 4.4.1 (Eckstein-Bertsekas [36]) 0 (4./5)00000M'MO000000O
00 Lyx,y,2) =d1(x)+p(y) —(zMx—y)y OO DO D OO0OODOOOOOOO
O00Algorithm20 0000000000 (x)iexd 0O (41500000000

gboboboboooobo@lsy)boobobobooooooooo
gbobood

0 O 4.4.2 (Yamagishi-Ono-Yamada [39]) O (4./5)0 000000000 0O0ODO
000000000000 M™MOOOOOOOO € ri(dom(¢,) — Mdom(¢,)) 0 O
odo.00b0o0 LpOoOooooooooodn(h)Od ()ooboboOoOoooon
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Algorithm 2 ADMM [36, 37]
1: m =0, and choose u > 0, s, ¢.

2: repeat

3 Xy € arg min @y (x) + (u/2IMx — s, = tyll3.
XeRM

4 Spyr € arg mingo(s) + (/2)IMXye1 — 5 = )13,
SeRM

5: tuet = by — (MXpi1 = Sins1)-
6: me—m+1

7: until some stopping criterion is satisfied.

442 ADMMU O[O
gooo@Esuuoo AbDMMUO OO0 O0OoOOoO0ooOooooooooood
gboobobuooogbdgoo

J
min ¢(x) + Z JI(MPx), 4.17)
XeRM o

D000y el,RMOOODO00D0D000000§,el,®%)000000000
O00000000000000000000000MY eR¥*MOQ00QO
D00000000000000 (4.16)00000000000000

¢1(x) = Y(x), (4.18)
J
ba(s) = D IV, (4.19)
j=1
MO
M = i | e RV (4.20)
MW

OO0O0O0N, = N+, +NOs® € RM'Os = [(sO), (s@)T,....)110 O
O00000000000ADMMODODOOO 417)000000000000
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Algorithm 2[00 Step30 0000000 OO0OODOOOO

Xpi1 € arg minyg(x) + (u/2)||Mx — s, — t,|)>
XeRM
= arg miny(x)
XeRM
2
MO s ¢
K :
+ = x—| : |-
5 : : :
MO s(J) t(J)
m m 2
J
= arg miny(x)+(u/2) ) IMPx s~ £]5. 4.21)
XeRM

=1
yOOo0ooooooooog @2h)o0o0o0o0o0o0o0o0o0o0oooooooon
Ooo0oo

J
% Y(x) + (u/2) Z IMPx = s — 15| = 0. (4.22)
j=1

UO0OAlgorithm20 Step4 U0 00 000O0OODO0OOOOOOO

s

m+1
: — argmingV(sV) + - + gV (s
) sO_sV
Sm+1
2
MD s (D
K :
+ 5 Xm+l — . -
MY s o)
oAl
= arg mingPsV) + - + gV (V)
S(l) ..... s(!)
J
+ @2 ) MO = 50— 1D, (4.23)
Jj=1

DDDDDDDDDDDDDDDDDDDDDDDS}ZLD]’G{L...,J}DDDD
gog

") () ; )2
s =arg min FO(sD) +(u/2)IMP x40 =59 =t D)2,
SO

(4.24)
gboobobuooodbobobuobuoooooooobooan

sV = proxlz,@/#(M(j)me — ), (4.25)

m+1
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Algorithm 3 ADMM-2 [36, 37, 38]

1: m =0, and choose u > 0, s(()]), e, sgl), t(()]), R tgl).
2: repeat
‘ . ; ) ‘ ,
3 x eargminy(x) + (u/2) L1, IMOx = s — )3

XeRM

(solve Eq. (4.22)).

4 fori=1,...,Jdo
0)] i 0)]
5: $,0 1 € ProXgo, (MVx,y — t,;).
) ) i )
6 t) =ty - (MPx — 5" ).
7 end for

8 me—m+1

9: until some stopping criterion is satisfied.

0 @2)00 4250000 (4.17)0 000 ADMMO Algorithm 30 ADMM-20
0000000

443 000020000 ADMM

O0000O0ADMMOOOOO2000000000 4500000.0
(4500 @18)0@20000000000000000000000000

A A
W)= fnGu ~ Gul} + §||Du||§, (4.26)

&(U(S(l)) — %dii(s(l)), &(2)(5,(2)) — LWi(S(Z)),

PO = 1, (8), PG = 1, (57,

IO (D) = 1y,(s©), 4.27)
M=[G"D'R!---RIR!---RIF'B'U"] (4.28)

O00UOD2wx2x000000000W,00000000000,;0000
W, 0000000 (W=, Wi,00

000020000 ADMMO OO0 Algorithm4 0 0 000 O 0H,0H,0H,0
D00 W0000000000000000000 t4,06,064,0000 4,0
0000000000000000000000000000000000
D000000000000000CO00000000 (4/2wd:00000
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gboobobuoboogbdgobo

(A/WPc(x) + x
(/) +1
00000000000 45000000000 Algorithm40 000000

00000000 DoOooo

(4.29)

ProX p,nq2 (%) =

004430 @5 00000000)0 (45)0000000w*eR*000
god

gbooboboornigoooo

00 4.4.4 (Algorithm 40 00 0) Algorithm 40000000000 0 ()mer
00450000000« 000000

gobooobooIr2ooon

45 OO

451 0OO0O0OO

00000000 DODODbOOO000oooD22000b0000000000
000 45047°000000000000000000000000000
go0oooooobobooooobboooboDboooUogooooog
000000 O“Seam Carving (SC) [1]70 “Image Summarization via Bidirectional
Similarity (ISBS) 2]1’0“0 000 2.0 000 00000O0OOOOOO0O0OO0OO
000 O (Pixel based Arbitrary-shaped Image Retargeting, PAIR) ] “Axis-Aligned
Deformation (AAD) [7]”[ “Feature-Aware Texturing (FAT) (31”0 50000000
U 0O OSCOISBSOPAIRDAADOFATO DD D20 0000000000000
o0booobuoougoogugoogSCOISBSOPAIRD OO DOODOUAAD
OFATOODOOODOOODOOODOOODOOODOOOODO
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2The authors are permitted to publish and modify of the photographs released under the Creative
Commons. The photograph named “Deer” is from No€l Zia Lee, “Cars” is from Noel C. Hankamer, and

“Rope skipping” is from Jose Maria Cuellar.
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Algorithm 4 Specialized ADMM for solving Eq. (4.5)

() () & b I [ .
1: Set m = 0, and choose u > 0, sof , tOf , sg ) té ) sé), tg), si“o), tl(.f'o), sg’“(’)), tg’“(’))(z € K).

20 M = 1,G"G + D™D + puFF + uB™B + 21 Y,k R'R; + pU.

3: repeat
4 Ty = LGTGU+uF (sy) +£5)) + uB (sl + £0)) + (s + 60) + pu ik RI (1) +
)
1) + 1 Yiex RT () + ).

i,

5. Uy =M'r,.

6 sl = prox,, (Futy — 1)),
70 dD =t~ Fupy + 59,
8 8y, = Prox,, (Buy. —1,,).
9: tfi] = t,(cb) — Bu,,. + siﬁl.
10: 8, ) = prox,, @ — 1,,).
i 0 =t + 50

12:  for all i such thati € K do

13: si‘;)m = prOX(/h/zmdf,i Ry — tgj;).
4 = 9 Ry 459

15: sg”fzﬂ = proxtwi(R,-umH - tgf;).

6 £ = £~ Ry 450,

17:  end for

18: me—m+1

19: until some stopping criterion is satisfied.

gooboooobbooobuobbob470bb0O00bDbDOO0OObDOOODn
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