CARDIFF

UNIVERSITY
PRIFYSGOL

Online Research @ Cardiff <&

This is an Open Access document downloaded from ORCA, Cardiff University©s institutional
repository: http://orca.cf.ac.uk/111569/

This is the author's version of a work that was submitted to / accepted for publication.
Citation for final published version:

Yang, Jie, Gao, Lin, Lai, Yukun, Rosin, Paul and Xia, Shihong 2018. Biharmonic deformation
transfer with automatic key point selection. Graphical Models 98 , pp. 1-13.
10.1016/j.gm0d.2018.05.003 file

Publishers page: https://doi.org/10.1016/j.gmod.2018.05.003
<https://doi.org/10.1016/j.gmod.2018.05.003>

Please note:

Changes made as a result of publishing processes such as copy-editing, formatting and page
numbers may not be reflected in this version. For the definitive version of this publication, please
refer to the published source. You are advised to consult the publisher's version if you wish to cite

this paper.

This version is being made available in accordance with publisher policies. See
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications
made available in ORCA are retained by the copyright holders.

1formation services
gwasanaethau gwybodaeth



"B? "KQMB+ .27Q K iBQM h™ Mb72"
rBi? miQK iB+ E2v SQBMi a2H2+iBQM

CB2 uM;GBM - QUmM@EmMMS nBH GX*-@BBRMQ M- sB

"2BDBM; E2v G #Q  iQ'v Q7 JQ#BH2 *QKTmiBM; M/ S2'p bBp2 .2pB+2- AMbiBimi2 Q7
*QKTmiBM; h2+?MQHQ;v- *?BM2b2 + /2Kv Q7 a+B2M+2b
#IMBp2 bBiv Q7 *?BM2b2 + /2Kv Q7 a+B2M+2b
*a+?QQH Q7 *QKTmi2  a+B2M+2 M/ AM7Q K iB+b-* "/Bz IMBp2'bBiv- |IE

#bi® +i

.27Q K iBQM i Mb72° Bb M BKTQ'i Mi "2b2 “+?2 T'Q#H2K BM ;2QK2i'v T
M/ +QKTmi2® MBK iBQMX 7mM/ K2Mi HT Q#H2K 7Q" 2tBbiBM; /27Q K |
72° K2i?Q/b Bb iQ #mBH/ "2HB #H2 +Q "2bTQM/2M+2bX h?Bb Bb +? HH2
r?2M i?2 bQm +2 M/ i “;2i b? T2b /Bz2  bB;MB}+ MiHv M/ K Mm H H #2
ivTB+ HHv mb2/X q2 T'QTQb2 MQp2H /27Q K iBQM i° Mb72" K2i?Q/ i?
KBMBKBXBM; mb2" 2zQ'iX q2 / Ti #B? "KQMB+ r2B;?i /27Q 'K iBQM 7°
r?B+? Bb #H2iQ T°Q/m+2 TH mbB#H2 /27Q K iBQM 2p2M rBi? QMHv 72
g2 i?2M /2p2HQT M miQK iB+ H;Q 'Bi?KiQ B/2MiB7v KBMBKMmMK b2i Q7 F
QMi?2bQm +2KQ/2Hi? i+? ~ +i2°Bx2bi?2/27Q K iBQMr2HHX q?BH2 K
2zQ i Bb biBHH M22/2/iQ bT2+B7v +Q "2bTQM/BM; TQBMib QM i?2 i *;2i
b2H2+i2/ F2v TQBMib- Qm" TT'Q +? pQB/b i?2 /B{+mHi T'Q#H2K Q7 +7°
TQBMibX 1tT2 'BK2Mi H "2bmHib /2KQMbi® i2 i? i Qm® K2i?Q/- /2bTBi2
HBiiH2 mb2  2zQ i- T°Q/m+2b #2ii2° /27Q K iBQM "2bmHibi? M Hi2 M il
E2vrQ /b, b? T2 /27Q K iBQMc #B? "KQMB+ r2B;?ibc F2v TQBMi b2H2+]
/27Q K iBQM i® Mb72"

kyRy Ja*, yy@yR- NN@yy

*Q ' 2bTQM/BM; mi?Q", ; QHBM!B+iX +X+M UGBM : QV M/ th?!B+iX +X+M Ua?B?QM; s

S'2T ' BMi bm#KBii2/iQ :> T?B+ HJQ/2Hb J v ky- kyR3
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a? T2 /127Q°K iBQM Bb 7mM/ K2Mi H T'Q#H2K BM +QKTmi2"~ MBK iE
b? T2 KQ/2HBM;X qBi? i?2 BKQ7:2M2" iBM; 2 HBbiB+b? T2b-p 'BQmt
? p2#22M T QTQb2/-BM+HmM/BM; bF2H2iQM||B;;BM;-b? T2/27Q K iBQNM
7Q°'K iBQM i||Mb72" (j- 9)X aF2H2iQM "B;;BM; Bb bmBi #H2 7Q  b? T2b t
#Q/B2b rBi? r2HH@/2}M2/ bF2H2i Hbi'm+im'2X a? T2 /27Q 'K iBQM B
B#H2- #mi Q7i2M "2[mB 2b bT2+B7vBM; M/ KQpBM; ;:'QmT Q7 ? M/H2

[27Q K2/ b? T2X hQ T°Q/m+2 /[/27Q K iBQM b2[m2M+2- Bi MQi QMHv
FMQrH2/;2 M/ 2tT2 iBb2-#miBi Bb HbQ i2/BQmbiQT Q/m+22 +?2/27Q"

q?2M bQK2 /27Q K2/ b? T2b "2 p BH #H2- /27Q K iBQM i° Mb72" K |
TQbbB#H2 iQi> Mb72 i?2/27Q K iBQM Q7bQm +2b? T2biQi ";2ib? T2
"2mbBM; 2tBbiBM; /27Q K iBQMbX h?Bb K F2bBi Km+? KQ 2 2{+B2MiiQ T
127Q K2/ b? T2b-r?BH2 pQB/BM; i?2 "2[mB 2K2Mi Q7 ? pBM; b? T2 /27
2tT2°iBb2X S 2pBQmb rQ ' F7Q  /27Q K iBQM i® Mb72° K BMHv 7Q+mb2b
[27Q K iBQM i° Mb72° [m HBiv M/ 2ti2M/BM; Bi iQ ? M/H2 ;2M2" H b?
H ;2/27Q K iBQMX MQi?2  F2v bi2T 7Q  /27Q K iBQM i® Mb72  Bb }M/E
+Q "2bTQM/2M+2bX >Qr2p2 - i?Bb bi2T Bb +? HH2M;BM;- 2bT2+B HHV |
M/ i “;2i b? T2b /Bz2® bB;MB}+ MiHv U2X;X i° Mb72 "BM; i?2 /27Q K i
?mK MiQ M K /BHHQVX AM bm+? + b2b- +Q "2bTQM/2M+2b "2 2Bi?;
bT2+B}2/- Q 2p2M B7 bQK2 b2KB@ miQK iB+ H;Q Bi?Kb "2 mb2/- +Q
F2v +Q " "2bTQM/2M+2b "2 biBHH "2[mB 2/ iQ #2 bT2+B}2/ #v i?2 mb2"}
bT2+B7vBM; b2i Q7 bm{+B2Mi M/ 2z2+iBp2 +Q "2bTQM/2M+2b "2[mB’
BM+Hm/BM; mM/2 bi M/BM; Q7 i?2 mM/2"HvBM; /27Q K iBQM i® Mb72" i
T +iB+2-i?Bb Bb Q7i2M +?B2p2/ mbBM; i'BH@ M/@2 "Q  TT Q +?r
+Q "2bTQM/2M+2b "2 [//2/ B7 i?2 mb2" Bb mMb iBb7 +iQ v rBi? i?2 /27
i° Mb72" "2bmHibX

AM i?Bb T T2 - r2 T°TQTQb2 MQp2H TT ' Q +? iQ /27Q K iBQM i° Mb7
mMiQK iB+ F2v TQBMi b2H2+iBQMX :Bp2M bQm +2b? T2 M/ QM2 Q" KQ
bQm +2b? T2b- br2HH b i ";2ib? T2-/27Q 'K iBQMi> Mb72 T Q/m+2b
MmK#2" Q7 /27Q K2/ b? T2brBi?i?2b K2 ;2QK2i'v bi?2i *;2ib? T2 M/
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/27Q K iBQM Q7 i?2/27Q K2/ bQm +2 K2b? i Mb72 °2/X Pm" K DQ" Q#b:
i? ir?BH2BiBb/B{+mHi7Q° M Q'/BM ‘vmb2 rBi? HBiiH2 2tT2 ' B2M+2 i
r?B+? +Q "2bTQM/2M+2b 2 KQbi 2z2+iBp2- Bi Bb BMimBiBp2 7Q " mb2"|
b2K MiB+ HHv K2 MBM;7mH TQBMi QM i?2 i ;2i b? T2i? i +Q "2bTQM/b
TQBMi QM i?2 bQm +2 b? T2X "v T°Q/m+BM; bK HH b2i Q7 2bb2MiB H
mb2'b "2 QMHvV '2[mB 2/iQ bT2+B7vi?2B"  +Q "2bTQM/BM; TQBMib QM i
h?2°27Q°2- Qm" i2+?MB[m2 + M ;°2 iHv "2/m+2 i?2 iBK2 M/ 2tT2 iBb2 M
/27Q K iBQM i Mb72 X hQ i?2 #2bi Q7 Qm" FMQrH2/;2- i?Bb Bb i?2 } bi
/1°2bb2b i?2 T Q#H2K Q7 miQK iB+ F2vTQBMi b2H2+iBQM 7Q" /27Q K i
hQ +?B2p2 i?Bb-r2 / Ti #B? "KQMB+ r2B:?i[hb? T2 /27Q 'K iBQM (8- e) i
i72 T°'Q#H2K Q7 /27Q K iBQM i Mb72'-rBi? BKT ' Qp2/ +Hmbi2 'BM; M/ M
bmBi #H2 7Q" /27Q K iBQM i Mb72 X 1ti2MbBp2 2tT2 BK2Mib b?2Qri? i
QmiT2 7Q Kb bi i2@Q7@i?2@ ‘i /27Q K iBQM i° Mb72° K2i?Q/b- M/ Qn
B+ HHv b2H2+i2/ F2v TQBMib "2 KQ'2 2z2+iBp2 i? M i?Qb2 b2H2+i2/ ¢
mb2 bX

AM i?2 7QHHQrBM; b2+iBQMb- r2 }'bi “2pB2r i?2 KQbi “2H i2/ rQ F iQ
a2lX kX H;Q'Bi?K /2i BHb “2i?22M T°2b2Mi2/ BM a2+X j- TQHHQr2/ #v 2
“2bmHib M/ /Bb+mblBQMb BM a2+X 9X 6BM HHv-r2/ r +QM+HmMbBQMb

kX _2H i2/ qQ F

a? T2 /27Q K iBQM ? b "2+2Bp2/ bB;MB}+ Mi ii2MiBQM M/ K Mv i2+?
2 p2 #22M /2p2HQT2/iQ BKT Qp2i?2 2T 2b2Mi iBQM + T #BHBiv iQ ? |
b+ H2 /27Q K iBQM- M/ miBHBxXx2 2t KTH2b iQ T Q/m+2 #2ii2" /27Q K ik
(d)yX SH2 b2 [[2]72° iQ (R- k) 7Q " bm p2vb Q7 /Bz2 2Mi /27Q K iBQM i2+7
“2+2Mi rQ F (3) /2p2HQTb M miQK iB+ K2i?Q/ iQ /27Q K K2b?2b Q7 .
b? T2b iQ Q#i BM i?2B" TQHv+m#2 7Q KX h?2 rQ F (N) T'QTQb2b bKQ
TQH iBM; "2T 2b2Mi iBQM 7Q" b? T2b rBi? bT?2 B+ HiQTQHQ;v- M/ /2
Bib mb2 7Q  bm 7 +2 /27Q K iBQMX J Mv T +iB+ H T Q#H2Kb BMpQH
7Q°K iBQMX h?2 rQ F (Ry) bim/B2b bi BM 7Q K iBQM M/ 2pQHmiBQM G
+HQi?b{ M/ (RR) 2tTHQBib b? T2 /27Q K iBQM 7Q  bm ;B+ H bBKmH iB¢
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BKT Qp2 "2 HBbK- T?vbB+b@# b2/ K2i?Q/b (Rk- Rj) "2 HbQ /2p2HQT2
/[27Q K iBQMX AMi?BbrQ F-r27Q+mbQMi> Mb72 'BM;/27Q K iBQM 7°
iQ MQi?2-i FBM; bBKTH2 M/ KQ 2 2{+B2Mi/ i @/ 'Bp2M ;2QK2i'v@#
T Q +?2X

‘HQ# H "B;B/ i’ Mb7Q K iBQM Bb MQi bmBi #H2 r?2M MQM@ "B;B/ /27
BMpQHp2/X AMbi2 /- /27Q KBM; i?2 b? T2 HQ+ HHv "B;B/Hv ?2HTb F22
T°Q/m+BM; "B+? /27Q K iBQM "2bmHibX h?2 b@_B;B/@ b@SQbbB#H?2
KiBQM 2M2 ;v Bb # b2/ QM i?Bb B/2 - M/ ? b #22M rB/2Hv mb2/ BM ;2
T°Q+2bbBM;-bm+? bb? T2 K MBTmH iBQM (R9- R8- Re-Rd) M/ b? T2E
(RB{ RN)X _2+2MirQ F (R8) 2ti2M/b b@_B;B/@ b@SQbbB#H2 U _ SV iQ
_ S r?B+? Bb /B'2+iBQM /2T2M/2Mi- M/ + M bQHp2 M BKTQ i Mi T Q#
~ ii2MBM; 7TmM+iBQM H +QKT 2bbBQM ; "K2MjibX Pm™  rQ F Bb # b2/ QM
Bb 2{+B2Mi M/ HHQrb TH mbB#H2 /27Q K iBQM "2bmHib iQ #2 T Q/m+:
bT "b2 F2v TQBMibX

g2 MQr 7Q+mb QM "2pB2rBM; 2tBbiBM; /27Q K iBQM i Mb72  i2+?MB
"2 KQbi "2H i2/iQ Qm  rQ FX AMi?2 TBQM22'BM; rQ F (j)-i?2/27Q K
b? T2b "2 2M+Q/2/ mbBM; /27Q K iBQM ;° /B2Mib BM HQ+ H "2;BQMbX
+Q "2bTQM/2M+2b #2ir22Mi?2bQm +2b? T2 M/i?2i ;2ib? T2-i?22/27C
;7 IB2Mib 20 Mb72772/iQi?2i ";2ib? T2-r?B+? "2i?2M mb2/iQ "2+QN
i?72 /27Q K2/ i ";2ib? T2 #v bQHpBM; SQBbbQM 2[m iBQMbX h?2 K2i?Q/
++m” 2 +Q "2bTQM/2M+2b iQrQ F 2z2+iBp2Hv- M/ 2[mB 2b [mBi2 H
Q7 +Q "2bTQM/2M+2b /m2iQi?2HQ+ HM im'2Q7/27Q K iBQM ;" /B2Mil
iQi° Mb72 "BM; /27Q K iBQM-i?2/27Q K iBQMi® Mb72" “2bmHib Q#i BNM
#Qp2 K2i?Q/ K v HbQ +QMi BM ;2QK2i"B+ /2i BHb 7 QK i?2bQm +2 b? -
Bb mM/2bB™ #H2 M/ K v T°Q/m+2 mM 2 bQM |#H2 b? T2bX h?2 rQ F (ky)
Qp2 |(J- kR) #v //BM; M [//BiBQM H bi2T Q7 T'QD2+iBM; i?2 "2bmHiBM
i?72 K MB7QH/ Q7 TH mbB#H2 i ";2i b? T2bX h?2 K2i?Q/ ?Qr2p2° "2[mB "¢
i ;2ib? T2b i? i bm{+B2MiHv +Qp2°b i?2 TH mbB#H2 /27Q K iBQM bT +.
MQi Hr vb p BH #H2X

h?2 K2i?Q/b #Qp2 + M QMHv ? M/H2 i'B M;H2 K2b?2bX AM Q /2 iQ /:
;2M2° Hb? T2b-+ ;2bUBX2X b2iQ7TQHV?2/" iQ2M+HQb2i?2b? T2bV
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iQ? M/H2/Bz2 2Mib? T2 2T 2b2Mi iBQMbbm+? bi'B M;H2bQmTb M/ |
K2b?2b |(kk- kj)X h?2b2 irQ rQ Fb M22/ 2ti~ 2zQ i iQ ;2M2" i2 bmBi #H2
r?B+? Bb MQi QMHvV iBK2@+QMbmKBM; #mi HbQ "2[mB 2b 2tT2'B2M+2
JQ'2Qp2'-+ ;2b "2b2MbBiIiBp2iQiQTQHQ;B+ H+? M;2 M/IiQTQHQ;B+
i?72 KQ/2HbX 6Q 2t KTH2-irQ TQBMib rBi? H ;2:;2Q/2bB+ /Bbi M+2 + M
BM 1m+HB/2 MbT +2- M/ bQ K v #2 2M+HQb2/ BM i?2 b K2 + ;2 M/ i?2
7Q K2/ BMi?2b K2r v-r?B+? H2 /biQ mMM im> H/27Q K iBQM "2bmHib
rBi? b? T2b rBi? KmHIBTH2 +QKTQM2Mibr?2°'22 +? +QKTQM2Mi Bb K N
7 +2- M Hi2°M i2 bQHmMIBQM Bb T°QTQb2/ mbBM; ;> T? bi'm+im 2iQ "
;2M2° Hb? T2b7Q i Mb72 "BM;i?2/27Q K iBQM ;" /IB2MibQMi?2 ;" T?
h?Bb K2i?Q/ "2[mB 2b i?2 KmMHIB@Q+QKTQM2Mi bi'm+im 2 iQ #2 T ' QpB/2
Bb MQi bmBi #H2 7Q  b? T2b rBi?Qmi KmHIiBTH2 +QKTQM2MibX

AMbi2 / Q7 bT2+B7vBM; +Q "2bTQM/2M+2b QM b? T2b-" > M 2i HX (¢
b2K MiB+ /27Q K iBQMi® Mb72" K2i?Q/ #v 2tTHQBiIBM; i?2+Q "2H iBQM
b? T2 b2ib UbQm ™ +2 M/ i ;2iVX h?2v bbmK2 i? ii?2bQm +2 M/ i *;2il
b2ib +QMi BM +Q "2bTQM/BM; b? T2b rBi? i?2 b K2 b2K MiB+ K2 MBM; X
7TQ° K2/ bQm ' +2 b? T2 Bb T°'QD2+i2/ QMiQ i?2 bQm +2 b? T2 b2i- M/ i?2
+QK#BM iBQM r2B;?ib "2 mb2/ HQM; rBi? i?2 i *;2i b? T2 b2iiQ T°Q/m
127Q K2/ i ";2ib? T2 +Q "2bTQM/BM; iQ i?2 ;Bp2M bQm ™ +2 b? T2X h?2
+?B2p2b BKT 2bbBp2 "2bmHibX >Qr2p2'- Bi "2[mB 2b bQm +2 M/ i ;2
rBi? +Q° "2bTQM/BM; b2K MiB+b b BMTmir?B+? "2 QMHv p BH #H2 BM
iBQMbX

AMi?BbrQ F-r2 //°2bbi?2 T'Q#H2K Q7 /27Q K iBQMi® Mb72 Q7 K2b
i72 BK Q7 bB;MB}+ MiHv "2/m+BM; mb2" 2zQ iX Pm  K2i?Q/ QMHv 2]
i *;2ib? T2 bBMTmi- M//Q2b MQi '2[mB 2T QtB2bbm+? b+ ;2bX q2 ;2
M 2{+B2Mi /127Q K iBQM K2i?Q/ # b2/ QM #B? "KQMB+ r2B;?ib iQ /27Q"
i Mb72° b Bi T°Q/m+2b TH mbB#H2 "2bmHib 2p2M rBi? p2'v 72r +Q "2
g2 i?2M /2p2HQT M miQK iB+ F2v TQBMi b2H2+iBQM H;Q ' Bi?K bm+?i?
Bb QMHv "2[mB 2/ iQ bT2+B7v TQBMib QM i?2i *;2ib? T2 +Q "2bTQM/B
TQBMibi? ir2°2T°Q/m+2/ miQK iB+ HHv QM i?2bQm +2b? T2-r?B+? B
7Q Q' /BM "vmb2'bX 1tT2'BK2Mi H 2bmHibb?Qri? iQm  K2i?Q/ MQi QN



Rk8

Rjy

Rj8

ROy

Rederence

H
# w B L
(7} = Deformation ~

l g A : I ] SN
4 Farmest pmnl ' | L Auomatickey _ 1 & User specify il I -
% Sampling point selection point w \‘ - Transfer 4
z& . a4 ! "
A B B’

6B;m 2 R, h?2 TBT2HBM2 Q7 Qm"~ H;Q Bi?KX

mb2 2zQ i#mi HbQ T Q/m+2b Km+? #2ii2  /27Q K iBQM i Mb72  "2bmHi
+Q "2bTQM/2M+2b bT2+B}2/ #v MQ K H mb2 b-i? MFb iQ i?2 2z2+iBp2 +
TQBMibX

jiX Pm® H;Q Bi?K
iXRX H;Q'Bi?K Pp2 pB2r
h?2 BMTmi iQ Qm" H;Q Bi?K BY #DQn 2+/2KQbR iBQM- b2i
Q7 /27Q K2/ bQm AR K@b?2b;2i KRBBQm ™ /27Q K iBQM i® Mb72°
H;Q Bi?K T Q/m+2b b2i Q7 /27QBRR/6IQ™; 2i K2A 2N -
/127Q K2/ i “;2iBeBR Q#i BM2/ #v TTHVBM; i?2 /R7IQ K iBQM 7 QK
AiQ i?2 i “;2i bBXT22MQith#AY i?2 MmMK#2' Q7 /27Q K2/ bQm +2
K2b?2bX LQi2i? iBMi?2 ABK VHRMH~ H@Mi BM QM2 /27Q K2/ b? T2
UBMZX VX LQi2A? M/ K2b?22A°BM "2 i?2 b K2 K2b? +QMM2+iBpBiv-
#mii?2 K2b? iQTQHQ;v Q7 i?22bQm +2 M/i “;2ib? T2b + M #2 /Bz2 2Mi]
h?2 TBT2HBM2 Q7 Qm" H;Q Bi?K[Bb BHHmMbi" i2/ BM 6B;X RX q2 } bi
Q7 p2'iB+2b QM i?2 bQm +2 K2b? b + M/B/ i2bQ@®-: #2v TQBMib U/2MQi:
T2 '7Q KBM; 7 "i?2bi TQBMilb KTHBM; (k8- ke)iQ 2Mbm 2 + M/B/ i2 TQB
bm{+B2Mi +Qp2" ;2 Q7 i?2 b? M2X|Cj2iMQidmK#2" Q7 + M/B@
/ i2 TQBMibX Hi?Qm;? /2T2M/BM; QM i?2 > M/QK +?QB+2 Q7 i?2 }'bi +
F2v TQBMi-7 "i?2bi TQBMib KTHBM; K v ;2M2" i2 /Bz2 2Mi b2ib Q7 + M
TQBMib-Qm  K2i?2Q/ T°Q/m+2b p2'vbBKBH /27Q K iBQMi> Mb72" “2bm
bm#bi MiB HHv /Bz2 '2Mi + M/B/ i2 F2v TQBMib- bB?QrM #vi?2 2t KTH2
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Candidate points

Source

Key points

Target

Results

6B;m 2 k, *QKT 'BbQM Q7 /27Q K iBQM i Mb72" 2bmHib mbBM; /Bz2 2Mi ° M/QKHv BN\
+ M/B/ i2 F2v TQBMibX G27i, i?2 bQm +2 K2b? M/ i?2i *;2i K2b?- “B;?i, /27Q K iBQM "2b
1p2°v +QHMKM b?Qrb /Bz2 2Mi b2i Q7 > M/QKHv BMBiB HBx2/ + M/B/ i2 F2v TQBMib- Qm
F2v TQBMib M/ +Q "2bTQM/BM; /27Q K iBQM “2bmHibX aBKBH " /27Q K iBQM “2bmHib
2p2M B7 i?2 + M/B/ i2 F2v TQBMib "2 bB;MB}+ MiHv /Bz2 2MiX

h?2 F2v TGBM2bi?2M b2H2+i2/ 7 QK i?2GXM/BVI Q22 2
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"Qi iIBQM K i'Bt U i?2° i? M KB 'Q 2/ K i"BtVX g2 Hi2 M i2i?2 :HQ# H
M/ i?2 GQ+ H ai2T mMiBH +QMp2 ;2M+2 UBX2X i?2 2M2 ;v bi vb bi #H2\

R8



kd8

k3y

Reference
& ’ﬁ\ I 9
ﬁ' | ‘% .

6B;m 2 8, _2bmHib Q7 i’ Mb72 'BM; i?2 /27Q K iBQM QM i?2 bQm +2 K2b? U 2?2mK M 7
a* S1/ i b2iVQMiQ /Bz2'2Mii “;2i K2b? Ui?2 K /BHHQ KQ/2HV mbBM; Qm" K2i?Q/ rBi?
miQK iB+ F2v TQBMi b2H2+iBQMX *Q "2bTQM/2M+2b "2 ?B;?HB;?i2/ mbBM; +QHQ 2/ # H
b K2 +QHQ " BM/B+ i2b +Q " "2bTQM/BM; TQBMibX h?2 }'bi +QHMKM +QMi BMb i?2 bQm " +2
K2b?2b rBi?Qmi /27Q K iBQMX h?2 }'bi "Qr b?Qrbi?2 bQm +2 K2b?2b M/ i?2 b2+QM/ "Qr ;|
i?72 QmiTmi K2b?2bX h?2 /27Q 'K iBQMb Q7 BMTmi K2b?2b "2 "2T°Q/m+2/ bm++2bb7mH|I
i ;2i K2b?-2p2M rBi? bm#bi MiB H ;2QK2i'B+ /Bz2'2M+2 M/ H ;2 /27Q K iBQMbX

Source

Target

jX8X mMiQK iB+ E2v SQBMi a2H2+iBQM
MiQK iB+ F2v TQBMi b2H2+iBQMSB ICh7i@KVi? 20m MB B i 2
b2GX hQK F2i?2 T'Q#H2K i® +i #H2-r2mb2 ;°22/v TT Q +2X h?2 H;QE
rQ"Fb BM irQ bi ;2bX AM i?2 } bi bi ;2-r2 BM+ 2K2Mi HHv // M2r + M/B/
TQBMSiQM/ BM i?2 b2+QM/ bi :2-r2i'viQ BKT Qp22xBbiBM; F2v TQBMib
AM i?2 }'bibi ;2-r2bi i ®v bQgdBEMBM+2 r2 rBHH H i2° mT/ i2
F2v TQBMib BM i?2 b2i-i?2 +?QB+2 Q7 i?2 } bi F2v TQBMi /Q2b MQi mbm
"2bmHibX g2 i?2M Bi2" iBp2Hv /g i@2rrEBvTOBMI2 QM2 i? i
H2 /biQi?2 KBMBKmK 2M2 v,

X
= — min kDsp o g(A)  A%e; UkkV
c AO2A 0

r?22°Ds() Bb M QT2 iQ  i? i T'Q/m+2b i?2 /27T KERK2b? rBi?
TQBMiB-b i?2 MmMK#2" Q7 p@ BH+H2R-MKMK#2 Q7 KQ/2HbX h?2 T Q+2bb
"2T2 ib mMMiBH i?2 "2b&HBBMmMB2MiHV bK HH UmM/2° i? 2b?QH/

" =0:03- r?2°2 i?2 KQ/2Hb ‘2 b+ H2/ +QMbBbi2MiHV iQ }i BMiQ mMBi b"
h?2 MQ K HBx iBQM K F2b i?2 b K2 2°°Q  i? 2b?QH/ TTHB+ #H2 iQ rB

Re
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Euclidean Error

9 10 11 12 13 14 15 16 17 18

"Number of VHO H F W Bt NH \

6B;m 2e, h?21m+HB/2 M /BbAMMZ #2227 M VbBM; i?2 2t KTHE BM6B;X 8X
h?2 1m+HB/2 M /Bbi M+2 /2+ 2 b2b [mMB+FHv M/ +QMp2 ;2b rBi? bK HH MmK#2" Q7 F2v T

Q7 /i b2ibX
AM i?2 b2+QM/ bi ;2-1r2i'viQ "2TH 42 2 +? b2H2+i2/ F2v TQBMi BM ir
F2v TQBMS-r2 BKiQ }M/ i?2 #2bi "2TH +2K2Mi r?BH2 F22TBM; Qi?2" F2
TQBMib mM+? M;2/,
X

¢ = argmin kDst corf ¢g(A) A%e: UkjVv
c2C SIf Ctg p0pp O

q2 i?2M "2TcHrBRE X h?Bb T Q+2bb ;m * Mi22bi?22 °Q Bb MQM@BM+"2 I
bB7 MQ #2ii2° Hi2 M, iBPRHRIBKIB-M mM+? M:;2/X h?Bb "2T2 ib mMiBH
MQ 7m i?2  BKT Qp2K2Mi + M #2 7QmM/X

h?2 Th2m/Q+Q/2 Q7 i?2 H;Q Bi?K Bb bmRK "Bx2/ BM H;Q Bi?K RX

jXeX .27Q K iBQM h> Mb72°

7i2° miQK iB+ F2v TQBMi b2H2+iBQM} r2 mb2 i?2 K2i?Q/ (e) iQ Q#i
i° Mb7Q KTiBIM) +B i2/ rBi? 2 +? F2v TQBMi iQ /27@ K i?2 bQm +2 K2b?
iQ Bib /27Q K24°D?hP2M r2 bF mb2'b iQ b2H2+i F2v TQBMib QM i?2 i ;2]
272 2M+BK2AD?2bTQM/BM; iQ i?2 miQK iB+ HHVAXH2+i2/ F2v TQBMib

Rd



H;Q Bi?KR H;Q Bi?K 7Q  miQK iB+ E2v SQBMi a2H2+iBQM

AMTmi, aQmA2KQM?+2 /27Q K2A% 282 b2i Q7 + M/B/ i2 TQBMib
7°QK 7 Ti?2bi TQBMI b fEKTcHHBMG, ., g- r?2mg Bb i?2 MmK#2°
Q7 + M/B/ i2 MRBMObEKb mb2/ BM Qm™ 2tAk2 BKBMIlPR
MmK#2' Q7 b2H2+i2/" R iPRBMIDI?QH/ 7Q  i2 ' KBM iBQM Q7 //BM;
F2v TQBMibX

PmiTmi, h?2 b2i Q7 b2H2+32fF2 v{MQ BMI'R t

R, AMBIBSHBx?2

k, AMBiBertbBx 2

i, I/ ¢t BMSQC =C f g

9, r?BErBor>" /Q . }'bi QTiBKBxXx iBQM

8, 7Q@2CI/Q

e, sum; =0
d, TQR 2A°/Q
3, G2ii?2 /2bB 2/ /27Q ®%2% KpbM/ mB2f 6g b
2 M/H2b
N, aQHp2 f[[MX 8iQ Q#i BM /27Q KXY p2 i2t TQbBIiBQMb
Ry, ﬁ\rrj:Wlp Qj QfF
RR, sum; = sum; + err;
Rk, 2M/I 7Q°

Rj, 2M/ 7Q"

R9, G2tizargmin;sum; #2 i?2 BM/2t rBi? i?72 KBMBKmKQ "Q X //
S- M/ "2KQpR22 Q&X

R8, aZ2error = sum; X

Re2M/ r?BH2

R3°2T2 i b2+QM/ QTiBKBxX iBQM

RN, 8¢ 2S- KQp27 QX BMCQ

ky, 6BM/i?2 QTiBK H & B/EF-XBMi27 QK BMSQ
kRMMiBH i82Bb2M Qi +? M;2/

kk, 2imSMM/ i?2 +Q " 2bTIQM/BM:

R3



kN8
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Reference

Source

Target

6B;m 2 d, *QKT 'BbQM Q7 /27Q K iBQM “2bmHib UiQT “QrvV M//27Q K iBQM i° Mb72 “2bn
QK "QrvV rBi?Qmi U V M/ rEEgU#¥ ikoX

PM+2 i?Bb Bb /QM2- r2 /B 2+iHv TTHv i?2Ti QME7 @?KF2BQM K i Bt
TQBMi7°QKi?2bQm +2 A2MQI2M+@K2bTQM/BM: TQBMi Q7 i?2i ";2i
'272°2M+BK2M? mb2 i?2 KZi?Q/ (e) ; BM iQ Q#i BM i?2 /27Q K2/ K2b?
BO #v 1]k kX

9X _2bmHib M/ 1p Hm iBQM

Pm™ 2tT2'BK2Mib r2°2 + B2/ Qmi QM +QKTmi2 rBi? M AMi2H Bd¢
*SI M/ Re:" _ JX h?2 H;Q Bi?K +QKTH2tBiv rX XiX i?2 MmK#2™ Q7 + M
/ i2 b KTH2 TrQ BE[E) X aBM+2 i?2 + H+mH iBQM Q7 2°°Q b rBi? /Bz2 2M
/121 F2v TQBMi + M #2 T2 ' 7Q K2/ BM/2T2M/2MiHv-r2 T > HH2HBx2 i?2
mbBM; PT2MJSX h?2 "mMMBM; iBK2b 7Q° F2v TQBMi b2H2+iBQM- #B? °
+ H+rmH iBQM M/ /27Q K iBQMi®> Mb72" 7Q  /Bz2 2Mi 2t KTH2b BM i?2 T
TQ'i2/BM[) #H2 RX h?2 F2v TQBMi b2H2+iBQM T Q+2bb i F2b #2ir22Mm
iQ #Qmi? H7 M?Qm -r?2°2 bi?2/27Q 'K iBQMi® Mb72"BbmM/2° KBM
i? i F2v TQBMi b2H2+iBQM + M #2 +QMbB/2 2/ b M Q|BM2 T 2T Q+2bbh
i?72 " mMMMBM; iBK2 Bb ++2Ti #H2X

RN
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k8

6B;m\zan‘+2 h ;2i E2v SQBMiaghf? G"a hBH
UOofOgVUOOfO6B6Va2H2+iBQM|U?QIVbV UKbV
6B[X|8kReRfOJRBEYKkINYyy yXk3jR | RXj9k yX83
6B[X|Nkd8kf8g8yg3NyfRjide yXR98k | 9XRe9 RXj
6B} REReRfOjRBEkefNyk3 yXky3s RXee9 yXod
6BB Ry8ykf8yygyRkfRylyyy yXeNj3 RX333 yXd3
6B[% RERRkdfkRIBYSYfTNNNN yXy39 RX38e yXjR
GBB RIRBykf8yygyykfRyyyy yXkN8d kXRjB RXR
6B[} RR38efjdyBReRfIjR3 yXy8j9 yX99[3 yXyN3

h #H2 R, ai iBbiB+b Q7 "mMMBM; iBK2b Q7 miQK iB+ F2v TQBMi b2H2+iBQM M/ /27Q K iB
aqhf? Bbi?2 iBK2 Q7 + H+mH iBM; bFBMMBM; r2B;?ib T2" 2 M/H2X AMi?2 H bi +QHMKM Q7
i?72 G"a hBK2 Bb i?2 iBK2 7Q" HBM2 > #H2M/ bFBMM|BM;- BX2X + H+mH iBM; 1[MX kX

g2 mb2/p "BQmb/ i b2ibiQ +QKT “2rBi?i?2/RtBbiBM; "2b2
p "BQmb /i b2ib +QK2 7°QK (j) U>Q"b2- 6H KBM;QV- a* S1 (j9)- hPa
(K8) U.Q;- :Q BHH - JB+22 HV! JSA[JuL (jd) UBB]X R9V- JSA 6 lah (j:
U6Iﬂ;x NV- 6 +2¢ ‘2>Qm@ (jN) U6B;X R8V- * +imb M/ K /IBHHQX q?2
T "2/ rBi?7 (kk)-r2 mb2/i?2 "2H2 b2/ +Q/2X AM i?Bb b2+iBQM-r2rBHH b?
2t KTH2b iQ /2KQMbi® i2 i?2 T2 7Q°K M+2 Q7 Qm*™ K2i?Q/ M/ +QKT "2 B
i?72 2tBbiBM; bi i2@Q7@i?2@ i K2i?Q/bX

6BHX8 b?Qrbi?2 "2bmHib Q7i° Mb72 "BM; ?mK M /27Q K iBQM 7 QK i?
/i b2iiQi?2 'K /BHHQ KQ/2HX Ai+ M #2 b22M i? ii?2 ?2mK M M/ “K /E
KQ/2Hb/Bz2 bB;MB}+ MiHVBM ;2QK2i'v- M/ Qm  K2i?Q/rBi? miQK iB+ |
b2H2+iBQM 2z2+iBp2Hv T°Q/m+2b ?B;?@[m HBiv /27Q K iBQM i° Mb72°
p2'v bT b2 b2i Q7 +Q "2bTQM/2M+2b U?B;?HB;?i2/ b +QHQ 2/ # HHbV
b?Qr i?2 1m+HB/2 M 2 °Q  rBi? M BM+'2 bBM; MmK#2" Q7 F2v TQBMib
GBDX eX Ai b?Qrbi? ii?22M2 ;v /2+ 2 b2b [mB+FHv M/ +QMp2 ;2b rBi?
MmK#2 Q7 F2v TQBMibX hQ b?Qri?2 Eg+7Q7/BMOQKTIQQYIMM;
i° Mb727-r2 +QKT "2 i?2 "2bmHib U V rBi?Qmi M/ﬂJ#V rBi? i?Bb i2 K BN
h?2iQT "Qr b?Qrb i?2 /27Q K iBQM Q7 i?Bgh Qi@ K2?RQTDH X h?2

“+2 (kk-j)X

Ky



User1 User2 User3 Userd User5
User6 User7 User8 User9 User10
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AAAA

6B;m 23, *QKT 'BbQM /27Q K iBQMi® Mb72  "2bmHib Q#i BM2/rBi? miQK iB+ F2v TQBMi |
M/ mb2° K Mm H b2H2+iBQMX

(NN
TR
RRARRA

6B;m 2 N, .27Q K iBQM i’ Mb72" “2bmHib QM b2[m2M+2b Q7 i?2 JSA .uL /i b2iX 6°QK H2
“B;?i-r2 BM+ 2K2Mi HHv // MRYXb B 722HQQQK "Qr b?Qrb i?2 F2v TQBMibi? i "2
b2H2+i2/ #v Qm" H:Q 'Bi?K rBi? BM®X2 bBM;Hv H ;2

Reference

o =3
p
p_E

Source

|
o ==
> =3
t 3

Reference

Source

=0 3=

Key point

= >3-

kR
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Reference

Source

[Sumner et al. 2004]

Our

6B;m 2 Ry, _2bmHib Q7 i° Mb72 "BM;i?2/27Q K iBQM Q7 ?Q'b2iQ /Q;X h?2} bi +QHmK
i72 bQm +2 M/ i ;2i K2b?2b rBi? +Q "2bTQM/2M+2b ?B;?HB;?i2/X hQT "Qr, bQm +2 K2
b2+QM/ “Qr, i?2 “2[hmHib Q7 (j)- #QiiQK "Qr, Qm" “2bmHibX

iQK F2i?2/27Q K iBQM "2bmHi Km+? +HQb2 iQi?2 ;Bp2M /27Q K2/ bQr
A°X b “2bmHi-i?Bb HbQ ?2HTb BKT Qp2i?2/27Q K iBQM i Mb72" “2b]
“QrvXx

hQ 2p Hm i2 i?2 2z2+iBp2M2bb Q7 F2v TQBMi b2H2+iBQM- r2 T2 7Q"
bim/vX Ry T "iB+BT Mibr2°'2 BMpQHp2/ BM i?2 mb2  bim/v r?2 2 i?2v r2
iQ +?20MQbRQ " "2bTQM/2M+2b K Mm HHvX _2bmHib 7Q" i?2 ?2mK M iQ “K
i Mb72° 2t KTH2 "2 b?BrM BM 6B;X 3X h?2 /27Q K iBQM i° Mb72" "2b
Qm /27Q K iBQMi> Mb72 7" K2rQ F#mirBi? K Mm H+Q "2bTQM/2M+2t
bB;MB}+ MiHv rQ b2 i? Mi?2 "2bmHi rBi? Qm~ miQK iB+ HHv b2H2+i2/
rBi? Q#pBQmb ‘iB7 +ib- BM+HmM/BM; /BbiQ iBQMb M/ /BbbBKBH "Biv
MiQK iB+ F2v TQBMi b2H2+iBQM MQi QMHV “2/m+2b mb2" 2zQ'i #mi T

k k
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Reference

Source

[Sumner et al. 2004]

Our

6B;m 2 RR, _2bmHib Q7 i Mb72 "BM; i?2 /27Q K iBQM Q7 T2bQM iQ ;Q BHH X h?2
mMKM b?Qrb i?2 bQm +2 M/ i “;2i K2b?2b rBi? +Q " 2bTQM/2M+2b ?B;?HB:?i2/X hQT *Qr, b
K2b?2b- b2+QM/ “Qr, i?2]'2bmHib Q7 (j)- #QiiQK "Qr, Qm" “2bmHibX

KQ'2 2 HBbiB+ /27Q K iBQM i Mb72" “2bmHibX

g2 7m’i?2° 2p Hm i2 ?2Qr Qm” F2v TQBMi b2H2+iBQM +QT2b rBi? H °;
127Q K2/ bQm +R°KBB|26 N b?Qrb M 2t KTH2 # b2/ QM i?2 JSA .ul
/i b2iX h?2 2bmHib 7 QK H27iiQ 'B;?2ib?Qr F2v TQBMib b2H2+i2/rBi? K
112/ i@°X Ai + M #2 b22M i? i i?2 b2H2+i2/ F2v TQBMib "2 mT/ i2/iQ "2~
i72 M22/b Q7 M2rHv //2/ b? T2bX

g2 HbQ +QKT "2 Qm  /27Q K iBQM i® Mb72  K2i?Q/ rBi? bi i2@Q7@i?:
7Q K iBQM i° Mb72[|KRi?Q/b (kk- j) mbBM; p [B[2iv Q7 2t KTH2b U6B;t
h?2b2 2t KTH2b "2 +? HH2M;BM; b i?2 bQm +2 M/ i ;2i b? T2b /Bz2"
B+ MiHv U2X;X + +imb pbX[]T2'bQM BM 6B;X Rk- M/ T2'bQM pbX
BM 6BLX RjV M/ +QMi BM H “;2 /27Q K iBQMbX Pm" K2i?Q/ T Q/m+2b
/27Q K iBQM i Mb72" “2bmHib r?B+? ‘2 ‘iB7 +i@7°22 M/ b2K MiB+ F
Hi2 M iBp2 K2i[2|Q/b (kk-j) + M + 2 i2 /BbiQ i2/ QmiTmi /Im2 iQ iQQ 72r
bTQM/2M+2b-bm+? b/BbbBKBH */27Q K iBQMb 7 QKi?2bQm +2/27Q"}

K]
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Reference

Source

[Sumner et al. 2004]

[Ben-Chen et al.2009]

Our

6B;m 2 Rk, _2bmHib Q7 i° Mb72 'BM; i?2 /27Q K iBQM Q7 + +imbiQ T2'bQMX h?2 } bi
b?Qrb i?2 bQm +2 M/ i *;2i K2b?2bX hQT "Qr, bQm +2 K2b?2b{/b2+QM/ *Qr, i?2 “2bmHib
i?B/ "Qr, i?2 “2bmHib Q7 (kk)- #QiiQK “Qr, Qm" “2bmHibX

TH mbB#H2 b? T2b U2X; X rrQM;Hv #2Mi H2;b Q7 iﬁ ~ KBM;QVX aBM+2 i
mb2b + ;2b- //BiBQM H 2zQ i Bb M22/2/iQ +°2 i2 bm+? + ;2bX 6Q" bQl
TH2b- + ;2b K vBM+Hm/2 //BiBQM HT "ib Q7 i?2 K2b?-+ mbBM; TQQ "/
"2bmHibX TiB7 +ib Q7 i?2b2 K2i?Q/b "2 ?B;?HB;?i2/ mbBM; "2/ "2+i M;l

Ai Bb ;2M2" HHv /B{+mHi iQ T'QpB/2 [m MiBi iBp2 2p Hm iBQM 7Q" /:
i° Mb72  K2i?Q/bX g2 mb2i?2JSA6lah/ i b2ir?B+? +QMi BMb?mK M#Q
Q7/Bz2°2Mib? T2brBi?i?2b K2 b2|E|Q7 TQb2b Ub22 6B;X R9VX g2+ Mi?
Bi 7Q° +QKTmiBM; MmK2 B+ HK2 bm 2i FBM; i?2i ";2ib? T2rBi? /2bB
bi?2;"QmM/ i mi?X g2 mb2 #Qi? Qm~ miQK iB+ HHv b2H2+i2/ F2v TQBN
K Mm HHv bT2+B}2/ QM2b Ui?2 #2bi "2bmHIi Qmi Q7 i?2 Ry T "iB+BT MibV

k9



je8

Source

[Ben-Chen et al. 2009]

Our

6B;m"2 Rj, _2bmHib Q7 i Mb72 "BM; i?2 /27Q K iBQM Q7 T2'bQM 7 QK i?2 a* S1/ i b2
~ KBM;QX h?2 }'bi +QHMKM b?Qrb i?2 bQm +2 M/ i ;2i K2b?2bX hQT “Qr, bQm +2 K2b"
b2+QM/ “Qr, i?2 “2BmHib Q7 (j)-i?B / |dr, i?2 *2bmHib Q7 (kk)- #QiiQK "Qr, Qm" “2bmHib:

/27Q K iBQM i Mb72  "2bmHib rBi? Qm" K2i?Q/ |[M/ Hi2 M iBp2 K2i?Q/l
g2 K2 bm 2 i?2 p2° ;2 1m+HB/2 M /Bbi M+2 #2ir22M +Q "2bTQM/BM; p2
i72/27Q K iBQM i~ Mb72  "2bmHib M/i?2;°QmM/i mi?X q2 b?2Qri?2T°Q
Q7 +Q "2bTQWE@2VBHAD (Bi?BM M 2X @ tBRW®T7 UBz2 2Mi “2bmHibX
Pm" K2i?Q/ Bb +QMbBbi2MiHv #2ii2  i? Mi?2 Hi2 M iBp2 K2i?Q/bX JQ":
Qm  K2i?Q/-Qm’ miQK iB+ HHvb2H2+i2/ F2v TQBMib QmiT2 7Q K mb2"
TQBMibX

g2 HbQ b?Qr +? HH2M;BM; 2t KTH2 Q7 i° Mb72 "BM; ?mK M 7 +B H 2t
iQ /Q; Ub22 BB;X R8VX Pm" K2i?Q/ Bb #H2 iQ T'Q/m+2 M im" H /27Q

k8
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—Our(Auto select)
--Our(User select(best))
Sumner et al. 2004(Auto select)
Sumner et al. 2004(User select(best))
—Ben-chen et al. 2009(Auto select)
"""'Een—chen et a!. 2009(User sglect(best)) ‘

. 1 1
0 0.002 0.004 0.006 0.008 0.01 0.012

Euclidean Error

SVUuUl

o
~

% Correspondence

o
N

6B;m 2 R9, *QKT 'BbQM rBi? K2i?Q/b (kk- j) QM i?2 JSA 6 lah /i b2iX g2 b?Qr i?2
T'QTQ iBQM Q7 +Q " 2b@QBBYMB2BBM M 2 X@ #BWMBW? “2bmHib ;2M2° i2/

#v /Bz2 2Mi /27Q K iBQM i Mb72  K2i?Q/b- b r2HH b miQK iB+ M/ K Mm HHv b2H2+i2/
TQBMibX

"2bmHib 2p2M rBi? H ;2 /Bz2°'2M+2 Q7 b? T2bX

8X *QM+HmMbBQMb

AM i?Bb T T2 -r2 / Ti bFBMMBM; rBi? #B? "KQMB+ r2B;?ib iQ /27Q"
i Mb72°- M/ T'QpB/2 M miQK iB+ K2i?Q/ iQ b2H2+i 2z2+iBp2 F2v TQE
+Q/BM;iQi?2 KQmMi Q7 /27Q K iBQM M/ i?2 H2p2H Q7 /27Q K iBQM /
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