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Bctusbdu/ Ugiogpvkpi cp kocig kpvq ugocpvkecnn{ ogcpkpihwn rctvu ku c
hwpfcogpvcn cpf ejcnngpikpi vcum kp eqorwvgt xkukqp0 Cwvqocvke ogvj/
qfu ctg cdng vq ugiogpv cp kocig kpvq eqjgtgpv tgikqpu. dwv uwej tgikqpu
igpgtcnn{ fq pqv eqttgurqpf vq eqorngvg ogcpkpihwn rctvu0 Kp vjku rc/
rgt. yg ujqy vjcv gxgp c ukping vtckpkpi gzcorng ecp itgcvn{ hceknkvcvg
vjg kpfwevkqp qh c ugocpvkecnn{ ogcpkpihwn ugiogpvcvkqp qp pqxgn kocigu
ykvjkp vjg ucog fqockp< kocigu fgrkevkpi vjg ucog. qt ukoknct. qdlgevu
kp c ukoknct ugvvkpi0

Qwt crrtqcej eqpuvtwevu c pqp/rctcogvtke tgrtgugpvcvkqp qh vjg gz/
corng ugiogpvcvkqp d{ ugngevkpi rcvej/dcugf tgrtgugpvcvkxgu0 Vjku cnnqyu
wu vq tgrtgugpv eqorngz ugocpvke tgikqpu eqpvckpkpi c nctig xctkgv{ qh eqn/
qtu cpf vgzvwtgu0 Ikxgp cp kprwv kocig. yg �tuv rctvkvkqp kv kpvq uocnn
jqoqigpgqwu htciogpvu. cpf vjg rquukdng ncdgnkpiu qh gcej htciogpv ctg
cuuguugf wukpi c tqdwuv xqvkpi rtqegfwtg0 Itcrj/ewvu qrvkok|cvkqp ku
vjgp wugf vq ncdgn gcej htciogpv kp c inqdcnn{ qrvkocn ocppgt0

1 Introduction

Kocig ugiogpvcvkqp. vjg rtqeguu qh kfgpvkh{kpi jqoqigpgqwu tgikqpu kp cp kocig.
ku c hwpfcogpvcn vcum kp c nctig pwodgt qh crrnkecvkqpu kp kocig cpf xkfgq rtq/
eguukpi0 C rctvkewnctn{ ejcnngpikpi kpuvcpeg qh kocig ugiogpvcvkqp ku vjg rtqdngo
qh cwvqocvkecnn{ kfgpvkh{kpi ugocpvkecnn{ ogcpkpihwn tgikqpu kp cp kocig0 Vjku
rtqdngo ku qhvgp tghgttgf vq cu image labeling. ukpeg kvu iqcn ku vq cuuqekcvg gcej
rkzgn kp vjg kocig ykvj c ncdgn fgpqvkpi c ugocpvkecnn{ ogcpkpihwn rctv0

Yjkng vjg qdlgevkxg qh itqwrkpi rkzgnu ceeqtfkpi vq eqnqt. vgzvwtg. cpf qvjgt
ewgu jcu dggp fgcnv ykvj kp ocp{ yc{u. vjg ejcnngpig qh ciitgicvkpi rkzgnu kpvq
ugiogpvu tgrtgugpvkpi ogcpkpihwn rctvu ku owej jctfgt0 Vjku ku fwg vq vjg hcev
vjcv uwej rctvu ctg qhvgp vqq eqorngz vq dg ejctcevgtk|gf wukpi nqy/ngxgn kocig
hgcvwtgu. uwej cu eqnqt qt vgzvwtg0 Hwtvjgtoqtg. vjg ugocpvke kpvgtrtgvcvkqp qh
cp kocig ku jkijn{ uwdlgevkxg. fgrgpfkpi qp dqvj vjg crrnkecvkqp. cpf vjg wugt0
Hqt gzcorng. yjkng uqog crrnkecvkqpu ctg eqpegtpgf ykvj ugrctcvkpi c rgtuqp
htqo vjg dcemitqwpf. qvjgtu okijv tgswktg vjg rctvkvkqpkpi qh c rgtuqp�u dqf{
kpvq kvu xctkqwu rctvu. cu fgoqpuvtcvgf kp Hkiwtg 30

Kp vjku rcrgt. yg rtgugpv c pqxgn ncdgnkpi ogvjqf. yjkej eqorwvgu c ugocp/
vkecnn{ ogcpkpihwn rctvkvkqpkpi qh cp kprwv kocig. cu kpfwegf htqo qpg *qt oqtg+
eqttgevn{ ugiogpvgf vtckpkpi kocig0 Dqvj vjg kprwv cpf vjg vtckpkpi kocig*u+
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c d e f
Vtckpkpi Kocig Fguktgf Ncdgnkpi

c d e f
Vguv Kocig Kpfwegf Ncdgnkpi

Gjh/ 2/ Joevdjoh ej!fsfou tfnboujdbmmz nfbojohgvm tfhnfoubujpot/ Vjku �iwtg
knnwuvtcvgu jqy hqwt fk!gtgpv ncdgnkpiu ctg kpfwegf0 C ukping vtckpkpi ncdgnkpi ku rtqxkfgf
gcej vkog. cnn ykvj tgurgev vq vjg vtckp kocig kp nghv wrrgt eqtpgt0 Ncdgnkpi *c+ ku c
dkpct{ rctvkvkqpkpi dgvyggp hqtgitqwpf cpf dcemitqwpf0 Ncdgnkpi *d+ cnuq fkuvkpiwkujgu
dgvyggp umkp cpf enqvjgu0 Ncdgnkpi *e+ fgeqorqugu vjg �iwtg kpvq jckt cpf enqvjgu.
yjkng ncdgnkpi *f+ dtgcmu wr vjg dcemitqwpf kpvq ugxgtcn rctvu0 Pqvg vjcv kp igpgtcn.
vjg xctkqwu rctvu ecppqv dg ejctcevgtk|gf d{ eqooqp kocig urceg cvvtkdwvgu. cpf vjg{
ecppqv dg kphgttgf ykvjqwv cp gzrnkekv fguetkrvkqp qt cp gzcorng0

ctg cuuwogf vq dg htqo vjg ucog fqockp< jcxkpi ukoknct knnwokpcvkqp. tguqnwvkqp
cpf uecng ejctcevgtkuvkeu. cpf fgrkevkpi ukoknct uegpgu0 Vjg ogcpkpihwn rctvu kp
vjg vtckpkpi kocig ctg tgeqipk|gf kp vjg kprwv kocig. cpf vjg eqttgev cuukipogpv
qh rkzgnu kpvq ncdgnu ku kpfwegf0 Uwej c ogejcpkuo ku tgswktgf kp xctkqwu crrnk/
ecvkqpu. nkmg tgoqxcn. tgrncegogpv. qt tgeqnqtkpi qh c egtvckp qdlgev kp c ugtkgu qh
kocigu0 Hqt gzcorng. qpg okijv ycpv vq ejcpig vjg eqnqt qh c ictogpv yqtp d{
c oqfgn kp cnn vjg rjqvqitcrju vcmgp fwtkpi c rctvkewnct uguukqp0

Qwt ogvjqf eqpuvtwevu c non-parametric oqfgn qh vjg rtqxkfgf vtckpkpi rckt
d{ ugngevkpi c ugv qh rcvej/dcugf tgrtgugpvcvkxgu kpukfg gcej ncdgngf tgikqp kp
vjg vtckpkpi kocig0 Vjgug tgrtgugpvcvkxgu ctg wugf vq swcpvkh{ vjg fgitgg qh
tgugodncpeg dgvyggp uocnn tgikqpu kp vjg kprwv kocig cpf vjg ncdgngf tgikqpu
kp vjg vtckpkpi ugv0 Vjku ukorng. {gv kphqtocvkxg tgrtgugpvcvkqp. yjkej ku fgtkxgf
fktgevn{ htqo vjg kocig. jcu rtqxgf kvu yqtvj kp qvjgt crrnkecvkqpu. uwej cu
vgzvwtg u{pvjguku ]3_. kocig cpcnqikgu ]4_. tgeqnqtkpi ]5_. cpf kocig cpf xkfgq
eqorngvkqp ]6. 7_0 Jgtg yg gzvgpf vjku crrtqcej vq kocig ncdgnkpi0

Kocig cpcnqikgu cpf vgzvwtg vtcpuhgt ]4. 8_ ctg c igpgtcn htcogyqtm d{ yjkej
xctkqwu v{rgu qh �nvgtu ctg ngctpgf htqo c ukping wp�nvgtgf cpf �nvgtgf kocig
rckt. cpf kpfwegf qp pqxgn kocigu0 Cu ogpvkqpgf cdqxg. vjgug ogvjqfu ickp vjgkt
uvtgpivj htqo c ukorng rcvej/dcugf ucornkpi uejgog0 Vjg ogvjqf yg rtgugpv
jcu c ukoknct �cxqt cpf ujctgu vjgkt ukornkekv{0 Jqygxgt. vjg hqtogt ogvjqfu
ecppqv kpfweg ncdgnkpi ukpeg vjg fgekukqpu vjg{ ocmg ctg kpjgtgpvn{ nqecn0 Kp
eqpvtcuv. qwt ogvjqf ocmgu wug qh c inqdcn qrvkok|cvkqp uvgr hqt �pfkpi cp
qrvkocn rkzgn ncdgnkpi0
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Gjh/ 3/ Cp qxgtxkgy qh qwt ogvjqf< Vjg ncdgngf vtckpkpi kocig ku ucorngf. etgcvkpi ugvu
qh uswctg rcvejgu. qpg ugv hqt gcej ncdgn0 Ikxgp cp kprwv kocig kv ku �tuv qxgt/ugiogpvgf
kpvq c eqnngevkqp qh uocnn jqoqigpgqwu htciogpvu0 Cuukipogpv equvu ctg vjgp eqorwvgf
hqt gcej htciogpv/ncdgn rckt0 Hkpcnn{. c itcrj/ewvu ownvk/ncdgn qrvkok|cvkqp ku wugf vq
�pf vjg inqdcnn{ qrvkocn ncdgnkpi qh vjg htciogpvu0

Kp vjku yqtm. yg cuuwog vjcv uocnn jqoqigpgqwu tgikqpu cnyc{u dgnqpi vq
vjg ucog ugocpvke rctv qh vjg kocig0 Jgpeg. yg qxgt/ugiogpv vjg kprwv kocig
kpvq fragments. uocnn ctdkvtctkn{/ujcrgf cpf ukorn{/eqppgevgf rkzgn enwuvgtu. cpf
eqorwvg vjg ncdgnkpi cv vjg htciogpv ngxgn0 Vjg htciogpvcvkqp jcu c rtqhqwpf
g!gev qp vjg �pcn tguwnv. cu kv gphqtegu c nqecnn{ eqjgtgpv ncdgnkpi cpf hceknkvcvgu
c xqvkpi uejgog cu c ogcpu hqt c tqdwuv rgt htciogpv ncdgn cuukipogpv0 Hwtvjgt/
oqtg. yqtmkpi cv vjg htciogpv ngxgn tgfwegu vjg eqorwvcvkqpcn eqorngzkv{ cpf
kortqxgu rgthqtocpeg0

Hkiwtg 4 qwvnkpgu qwt ogvjqf0 Rcvej ucornkpi ku rgthqtogf qxgt vjg ncdgngf
vtckpkpi kocig. fg�pkpi c ugv qh rcvejgu. gcej tgrtgugpvkpi c ncdgngf tgikqp
qh vjg kocig0 Fwtkpi ncdgnkpi kpfwevkqp. vjg kprwv kocig ku �tuv rctvkvkqpgf
kpvq uocnn htciogpvu0 Vjgp. cuukipogpv equv ku eqorwvgf hqt gxgt{ htciogpv/
ncdgn rckt0 Pgzv. vjgug equvu vqigvjgt ykvj cffkvkqpcn eqpvkiwkv{ eqpuvtckpvu ctg
kpeqtrqtcvgf kpvq c itcrj/ewvu ownvk/ncdgn qrvkok|cvkqp. vq {kgnf c inqdcn ncdgnkpi
qh vjg htciogpvu0 Vjg eqodkpcvkqp qh rcvej/dcugf ucornkpi. htciogpvcvkqp. cpf
vjg itcrj/ewvu qrvkok|cvkqp tguwnvu kp c ugiogpvcvkqp uejgog vjcv kpeqtrqtcvgu
dqvj nqecn cpf inqdcn kphqtocvkqp. cnnqykpi g!gevkxg kpfwevkqp qh ugocpvkecnn{
ogcpkpihwn ncdgnkpiu htqo qpg kocig vq cpqvjgt0

2 Background and Related Work

Ugiogpvcvkqp ku c ygnn/uvwfkgf rtqdngo0 C eqooqp crrtqcej hqt ugiogpvcvkqp
ciitgicvgu nqecn ewgu uwej cu eqnqt. vgzvwtg. gfigu qt xctkqwu �nvgt tgurqpugu. d{
yjkej rkzgnu ctg enwuvgtgf kpvq eqpvkiwqwu. jqoqigpgqwu tgikqpu *g0i. ]9. :_0 Hqt
c uwtxg{ qh ugiogpvcvkqp ogvjqfu. ugg ];_0
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Yjkng vjgug ogvjqfu ctg uweeguuhwn kp enwuvgtkpi kocig rkzgnu kpvq jqoqig/
pgqwu tgikqpu. vjg{ ecppqv cwvqocvkecnn{ itqwr vjg tguwnvkpi enwuvgtu kpvq ug/
ocpvkecnn{ ogcpkpihwn rctvu0 Jqygxgt. vjg{ fq rtqxkfg pcvwtcn kocig dwknfkpi
dnqemu. qt kocig htciogpvu. yjkej ecp hceknkvcvg xctkqwu tgikqp dcugf fgekukqpu.
uwej cu ncdgn cuukipogpvu0 Yg ctiwg vjcv fgvgtokpkpi yjgvjgt cp gpvkv{ dgnqpiu
vq c rctvkewnct ugocpvke rctv ku oqtg gcukn{ fqpg cv vjg htciogpv ngxgn. vjcp qp
c rkzgn/d{/rkzgn dcuku0

Vjg nkokvcvkqpu qh c rkzgn ngxgn fgekukqp ctg cnuq cfftguugf d{ inqdcn ogvj/
qfu0 D{ inqdcn ogvjqfu yg tghgt vq ogvjqfu vjcv hqtowncvg vjg rtqdngo cu c
okpkok|cvkqp rtqdngo qxgt vjg urceg qh ncdgnkpiu1ugiogpvcvkqpu0 Vjg hgcukdknkv{
qh vjg inqdcn crrtqcejgu ku dqwpfgf d{ vjg gzrqpgpvkcn eqorngzkv{ qh vjg urceg
qh cnn rquukdng uqnwvkqpu0 Vjgtghqtg. fk!gtgpv cniqtkvjou tguvtkev vjg urceg kp qt/
fgt vq ocmg vjg okpkok|cvkqp vtcevcdng0 Vjg tguvtkevkqpu ctg wuwcnn{ hqtowncvgf
ykvj rtkqtu. uwej cu eqpvkpwkv{ qt uoqqvjpguu0 Vjg{ {kgnf c okpkok|cvkqp qh cp
gttqt hwpevkqp eqortkugf qh vyq gttqt vgtou< vjg fcvc eqpuvtckpv. cpf c rckt/
ykug eqpuvtckpv0 Gzcorngu qh inqdcn ogvjqfu kpenwfg pqtocnk|gf ewvu ]32_. dgnkgh
rtqrcicvkqp ]33_. cpf itcrj/ewvu ]34_. yjkej ku wugf kp vjku rcrgt0

Cpqvjgt nkokvcvkqp qh rtgxkqwu ugiogpvcvkqp ogvjqfu ku vjg fguetkrvkxg rqygt
qh vjg rctcogvtke oqfgn vjcv vjg{ wug vq tgrtgugpv c ugiogpv. g0i0. fkuvtkdwvkqp
qh eqnqtu. vgzvwtgu qt uqog qvjgt hgcvwtgu0 C rqygthwn cnvgtpcvkxg ku vq wug gz/
corngu cu cp kornkekv tgrtgugpvcvkqp0 Gzcorng/dcugf pqp/rctcogvtke oqfgnkpi
cxqkfu vjg eqornkecvkqpu qh rctcogvtke oqfgnkpi0 Vjku crrtqcej jcu dggp crrnkgf
uweeguuhwnn{ kp crrnkecvkqpu tcpikpi htqo vgzvwtg u{pvjguku vq kocig eqorngvkqp
]3. 4. 8. 35. 5. 6_0

Cp gzcorng dcugf tgrtgugpvcvkqp ku cnuq wugf hqt fgvgevkqp cpf ugiogpvcvkqp
qh qdlgevu htqo c urgek�e encuu ]36_0 Vjgtg. vjg vcum ku vq ugiogpv cp qdlgev kp cp
kocig. dcugf qp c nctig ugv qh rtg/ugiogpvgf kocigu. cnn htqo vjg ucog hcokn{
*g0i0. jqtugu+0 Kp eqpvtcuv. yg ctg kpvgtguvgf kp ncdgnkpiu kpfwegf d{ cu hgy cu c
ukping gzcorng0 Vjg kocig dwknfkpi dnqemu wugf kp vjgkt ogvjqf ctg cnuq vgtogf
htciogpvu0 Jqygxgt. vjgkt htciogpvu ctg tgevcpiwnct vkngu qh xctkcdng uk|g. yjkng
kp qwt yqtm. htciogpvu oc{ jcxg cp ctdkvtct{ ujcrg fgvgtokpgf d{ vjg eqpvgzv
qh vjg kocig0

Ugiogpvcvkqp ku cnuq enqugn{ tgncvgf vq vjg rtqdngo qh gzvtcevkpi qdlgevu htqo
kocigu0 Dgecwug vjg vcum ku uq ejcnngpikpi. kpvgtcevkxg uqnwvkqpu ygtg fgxgnqrgf.
yjgtg vjg wugt cuukuvu vjg ugiogpvcvkqp rtqeguu0 Kp rctvkewnct. itcrj/ewvu qrvk/
ok|cvkqp jcu rtqxgf vq dg cp g!gevkxg vqqn hqt kpvgtcevkxg kocig ugiogpvcvkqp
]37. 38_0 Vjg qrvkok|cvkqp ku wugf vq �pf ugiogpvcvkqpu. yjkej ctg eqpukuvgpv ykvj
eqnqt. gfigu. cpf vjg wugt fg�pgf eqpuvtckpvu0 Itcrj/ewvu jcxg dggp gzvgpfgf vq
jcpfng ownvkrng *oqtg vjcp vyq+ ugiogpv rtqdngou. wukpi vjg cnrjc/gzrcpukqp
cniqtkvjo ]39_0 Tgegpv yqtmu qp xkfgq vqqpkpi ]3:_ cpf tqvqueqrkpi ]3;_ ctg
tgncvgf vq qwt yqtm0 Vjg{ cnuq hceg vjg rtqdngo qh rtqfwekpi c eqpukuvgpv ugi/
ogpvcvkqp hqt c ugswgpeg qh ukoknct kocigu0 Vjgkt crrtqcej vcmgu cfxcpvcig qh
htcog eqjgtgpeg. eqorwvkpi 5F enwuvgtu qh rkzgnu kp vjg urceg/vkog xkfgq xqnwog0
Vjg wugt vjgp qwvnkpgu vjg ugocpvke tgikqpu wukpi c tqvqueqrkpi kpvgthceg0 Yg ctg
cnuq kpvgtguvgf kp ugiogpvkpi ukoknct kocigu. dwv ocmg pq cuuworvkqpu tgictfkpi
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eqjgtgpeg coqpi vjg kocigu. cpf kfgpvkh{ ugocpvke tgikqpu cwvqocvkecnn{ dcugf
qp c uocnn vtckpkpi ugv0

3 Algorithm

Kp vjku ugevkqp yg fguetkdg qwt cniqtkvjo hqt kpfwekpi vjg ncdgnkpi qh vjg vtckpkpi
kocig qpvq vjg vguv kocig0 Ngv Ltrain fgpqvg vjg vtckpkpi kocig cpf Otrain vjg
ncdgnkpi qh kvu rkzgnu d{ n fk!gtgpv ncdgnu0 Ikxgp cp kprwv *vguv+ kocig Ltest qwt
iqcn ku vq eqorwvg kvu eqttgurqpfkpi ncdgnkpi Otest0 Yg dgikp d{ fguetkdkpi jqy
rcvejgu kp Ltrain ctg wugf vq eqorwvg ncdgnkpi equvu hqt rkzgnu kp Ltest *Uge0 503+0
Tcvjgt vjcp cvvgorvkpi vq ncdgn gcej kpfkxkfwcn rkzgn kp Ltest yg rctvkvkqp kv kpvq
uocnn jqoqigpgqwu htciogpvu *Uge0 504+ cpf eqorwvg oqtg tqdwuv ncdgnkpi equvu
hqt gcej htciogpv *Uge0 505+0 Hkpcnn{. yg wug itcrj/ewvu qrvkok|cvkqp vq cuukip c
ncdgn vq gcej htciogpv kp c inqdcnn{ qrvkocn ocppgt *Uge0 506+0

3.1 Pixel Labeling Costs

Ikxgp Ltrain cpf Otrain yg etgcvg c rcvej/dcugf encuuk�gt d{ tgrtgugpvkpi gcej
ncdgn d{ c ugv qh uswctg rcvejgu. ucorngf htqo vjg eqttgurqpfkpi tgikqp kp Ltrain0
Yg igv n uwej ugvu �Vl�k

l=1. qpg hqt gcej ncdgn0 Gcej ugv eqpvckpu c xctkcdng
pwodgt qh rcvejgu. fgrgpfkpi qp vjg pwodgt qh rkzgnu ykvj vjcv ncdgn kp Ltrain0
Cnn rcvejgu ctg qh wpkhqto uk|g p ª p. yjkej ku ejqugp dghqtgjcpf uq kv ku
rtqrqtvkqpcn vq vjg uecng qh fgvcknu kp vjg kocig. uwej cu p ? 9 qt p ? 420
Hkiwtg 5 fgrkevu vjg tgrtgugpvcvkqp qh gcej ugiogpv encuu d{ c ugv qh ucorngf
rcvejgu0 Pgzv. yg fg�pg !*s/ o+ vq dg vjg equv qh cuukipkpi ncdgn o vq c rkzgn
s ! Ltest0 Kphqtocnn{. c nqy equv !*s/ o+ kpfkecvgu vjcv vjgtg ku c jkij nkmgnkjqqf
vjcv s ujqwnf dg ncdgngf ykvj o. cpf xkeg xgtuc0 Yg eqorwvg !*s/ o+ d{ ocvejkpi
S . vjg p ª p uswctg rcvej egpvgtgf cv s. ykvj vjg rcvejgu kp vjg ugv Vl0 Vjg
equv ku rtqrqtvkqpcn vq vjg fkuvcpeg vq vjg pgctguv pgkijdqt qh S ykvjkp Vl<

!*s/ o+ ? okp
P !"Sl

vvg*S/ S #+

P
/

yjgtg vvg*S/ S #+ ku vjg uwo qh uswctgf fkuvcpegu dgvyggp vjg rcvejgu S cpf S #.
dqvj vtgcvgf cu P /ngpivj xgevqtu. yjgtg P ? p ª p ª 5 kp vjg ecug qh vjtgg
TID eqnqt ejcppgnu0

Gjh/ 4/ Rcvej/dcugf encuuk�gt0 Gcej ugocpvke rctv ku tgrtgugpvgf d{ c ugv qh uswctg
rcvejgu. ucorngf htqo ykvjkp vjg eqttgurqpfkpi tgikqp kp vjg vtckpkpi kocig0
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Gjh/ 5/ Xkuwcnk|cvkqp qh htciogpv ncdgnkpi equvu0 Equvu tcpig kp vjg kpvgtxcn ]2.3_ cpf
ctg eqnqtk|gf ceeqtfkpi vq gcej ncdgn�u tgrtgugpvcvkxg eqnqt. cu fg�pgf kp vjg Hkiwtg 50

3.2 Fragmentation

Vjg ugctej hqt vjg pgctguv/pgkijdqtkpi rcvejgu ykvjkp gcej ugv Vl ku eqorwvcvkqp/
cnn{ kpvgpukxg0 Kp qtfgt vq tgfweg vjg pwodgt qh uwej ugctejgu. yg rctvkvkqp Ltest

kpvq uocnn. eqnqt/jqoqigpgqwu tgikqpu. yjkej yg tghgt vq cu fragments0 Vjgug
htciogpvu ctg ctdkvtctkn{/ujcrgf cpf oc{ eqpvckp htqo c hgy rkzgnu vq vjqw/
ucpfu qh rkzgnu0 Yg gzrnqkv vjg tguwnvkpi uvtwevwtg vq ceegngtcvg vjg cniqtkvjo
d{ gxcnwcvkpi vjg ncdgnkpi equvu qpn{ hqt c uocnn htcevkqp qh vjg rkzgnu ykvjkp
gcej htciogpv. cpf vjgp wug xqvkpi vq cttkxg cv c ugv qh ncdgnkpi equvu hqt gcej
htciogpv0

Vjg htciogpvcvkqp ku rgthqtogf uwej vjcv htciogpvu ctg uocnngt kp oqtg fg/
vckngf ctgcu qh Ltest. cpf nctigt kp oqtg jqoqigpgqwu tgikqpu0 Kp cffkvkqp. kv ku ko/
rqtvcpv vjcv htciogpv dqwpfctkgu cnkip ykvj gfigu kp vjg kocig. ukpeg uwej gfigu
oc{ eqttgurqpf vq vjg dqwpfct{ dgvyggp fk!gtgpv ugocpvke tgikqpu0 Htciogpvu
yjkej eqorn{ vq vjgug etkvgtkc oc{ dg eqorwvgf wukpi ogcp/ujkhv ugiogpvcvkqp
]:_ ykvj uw"ekgpvn{ uocnn mgtpgn dcpfykfvju0 Hkiwtg 7 fgoqpuvtcvgu vjg tguwnv qh
htciogpvcvkqp0 Pqvkeg jqy uocnn htciogpvu hqto kp jkijn{ fgvckngf ctgcu *uwej
cu vjg jckt cpf ujktv tgikqpu+. yjkng nctig htciogpvu hqto kp jqoqigpgqwu ctgcu
*uwej cu vjg ycnnu kp vjg dcemitqwpf+0

Kp cffkvkqp vq tgfwekpi vjg eqorwvcvkqpcn equv. htciogpvcvkqp cevwcnn{ jgnru
rtqfweg dgvvgt tguwnvu. hqt vyq tgcuqpu0 Hktuv. htciogpvcvkqp eqpuvtckpu rkzgnu
ykvjkp vjg ucog htciogpv vq dg cuukipgf vq vjg ucog ncdgn. vjgtgd{ gphqtekpi
c nqecnn{ eqjgtgpv ncdgnkpi0 Ugeqpf. vjg xqvkpi rtqegfwtg rgthqtogf qp rkzgnu
ykvjkp gcej htciogpv rtqfwegu oqtg tqdwuv ncdgnkpi equvu0

tcpfqo eqnqtk|cvkqp ogcp xcnwg eqnqtk|cvkqp fgvckngf enqug/wr tgrtgugpvcvkxg rcvejgu

Gjh/ 6/ Htciogpvcvkqp0 Vjg kprwv kocig ku htciogpvgf kpvq ctdkvtctkn{/ujcrgf jqoqig/
pgqwu tgikqpu. yjkej yg ecnn htciogpvu0 Htciogpv uk|gu xct{ ceeqtfkpi vq vjg coqwpv
qh fgvckn kp xctkqwu kocig ctgcu. cpf vjgkt dqwpfctkgu ctg cnkipgf ykvj gfigu kp vjg
kocig0 Vjg ncdgn cuukipogpv qh gcej htciogpv ku eqorwvgf d{ ejqqukpi tgrtgugpvcvkxg
rcvejgu0
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3.3 Fragment Labeling Costs

Yg crrn{ c xqvkpi uejgog kp qtfgt vq eqorwvg vjg ncdgnkpi equvu qh gcej htci/
ogpv0 Hqt gcej htciogpv i ! Ltest yg rkem c hgy tgrtgugpvcvkxg rkzgnu<

Uhs*i+ ? �si ! i�
Rf

i=1/

yjgtg Uf ku rtqrqtvkqpcn vq vjg pwodgt qh rkzgnu kp i . hqt gzcorng< Uf ? "
!
�i �#1

Hkiwtg 7 xkuwcnk|gu htciogpvu cnqpi ykvj vjgkt tgrtgugpvcvkxg rkzgnu *cpf vjg
eqttgurqpfkpi rcvejgu+0 Vjg equv qh cuukipkpi ncdgn o vq htciogpv i ! Ltest ku
fg�pgf cu<

!*i/ o+ ? ogfkcp �!*s/ o+�s ! Uhs*i+� 1

Ejqqukpi vjg ogfkcp xcnwg ku c tqdwuv xqvkpi uejgog. yjkej ku kpugpukvkxg vq
qwvnkgtu0 D{ vjg gpf qh vjku rtqeguu. gcej htciogpv ku cuuqekcvgf ykvj n fk!gtgpv
equvu. qpg hqt gcej ncdgn0 Hkiwtg 6 ujqyu c xkuwcnk|cvkqp qh vjg ncdgnkpi equvu vjcv
ygtg eqorwvgf hqt vjg gzcorng kp Hkiwtg 30

Cu rcvejgu cpf htciogpv fkogpukqpu ctg htgswgpvn{ ukoknct. kv ku qhvgp vjg
ecug vjcv vjg rcvejgu egpvgtgf cv vjg tgrtgugpvcvkxg rkzgnu eqpvckp rkzgnu qwvukfg
vjg htciogpv. c!gevkpi vjg htciogpv�u ncdgnkpi equvu0 C ukorng uqnwvkqp yqwnf dg
vq kpvtqfweg ygkijvu kpvq vjg eqorwvcvkqp qh vjg fkuvcpeg dgvyggp rcvejgu. dwv
vjku kpvgthgtgu ykvj vjg g"ekgpv pgctguv pgkijdqt ugctej vjcv qwt korngogpvcvkqp
ewttgpvn{ gornq{u0 Kv ujqwnf dg pqvgf jqygxgt vjcv vjg g!gev qh vjgug qwvnkgtu ku
ukipk�ecpvn{ tgfwegf d{ vjg xqvkpi uejgog0

3.4 Graph-Cuts Optimization

Chvgt cnn rkzgnu kp vjg vguv kocig Ltest jcxg vjgkt ncdgnkpi equvu. yg pggf vq �pf
Otest. vjg inqdcnn{ qrvkocn ncdgnkpi0 C ncdgn cuukipogpv vjcv okpkok|gu vjg vqvcn
ncdgnkpi equv cpf cnuq ku fgxqkf qh uocnn. fkueqppgevgf ugiogpvu0 Vjwu. yg cnuq tg/
swktg vjg ncdgnkpi vq dg eqpukuvgpv ykvj vjg rtgugpeg *qt cdugpeg+ qh gfigu kp Ltest0

Kp qtfgt vq ucvkuh{ vjgug tgswktgogpvu. yg cff cp cffkvkqpcn rcktykug eqp/
uvtckpv " *s/ t/ O*s+/ O*t++ dgvyggp gcej rckt qh pgkijdqtkpi rkzgnu $s/ t%0 Vjku
eqpuvtckpv gphqtegu ncdgn cuukipogpvu vq ejcpig qpn{ cetquu gxkfgpv gfigu kp
Ltest0 Vjg eqpuvtckpv "*s/ t/ O*s+/ O*t++ ku 2 yjgp vjg ncdgnu cuukipgf vq s cpf t
ctg vjg ucog *O*s+ ? O*t++ cpf qvjgtykug. rtqrqtvkqpcn vq vjg gxkfgpeg qh $s/ t%
pqv dgkpi cp gfig kp Ltest0 Urgek�ecnn{.

" *s/ t/ O*s+/ O*t++ ?

"
2 O*s+ ? O*t+

3 �&*s/ t+ qvjgtykug
*3+

yjgtg &*s/ t+ ku vjg fk!gtgpeg *kp TID fkuvcpeg+ dgvyggp rkzgnu s cpf t. cvvgp/
wcvgf cpf uecngf vq vjg tcpig ]2/ 3_0 Hwtvjgtoqtg. yg gphqteg vjg tguvtkevkqp vjcv
rkzgnu ykvjkp gcej htciogpv ujqwnf dg ncdgngf vjg ucog. kp qtfgt vq tgfweg vjg
eqodkpcvqtkcn ugctej/urceg cpf cejkgxg c ucvkuhcevqt{ crrtqzkocvkqp cv tgfwegf
eqorwvcvkqpcn equvu0 Vjku ku korngogpvgf vjg d{ urgek�pi qwt gpgti{ vgto H*O+
kp vgtou qh htciogpvu kpuvgcf qh rkzgnu<

H*O+ ?
#

f

�i � � ! *i/ O*i++ - #
#

$f1,f2%

" *i1/ i2/ O*i1+/ O*i2++ 1
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Vtckpkpi Kocig Vtckpkpi Ugiogpvcvkqp Kprwv Kocig

*c+ Rkzgn Ncdgnkpi *d+ Htciogpv Ncdgnkpi
*e+ Ncdgnkpi chvgt

Itcrj/Ewvu Qrvkok|cvkqp

Gjh/ 7/ Vjg eqpvtkdwvkqp qh htciogpvcvkqp cpf inqdcn qrvkok|cvkqp0 Vjg vtckpkpi ugv
eqpukuvu qh hqwt ugocpvkecnn{ ogcpkpihwn ugiogpvu< vjtgg rncpvu cpf vjg dcemitqwpf0
Pqvkeg vjcv vjg rncpvu� ugiogpvu jcxg xgt{ ukoknct nqecn ejctcevgtkuvkeu. gzegrv kp vjgkt
wrrgt rctv. yjkej jcu c wpkswg eqnqt0 *c+ ujqyu vjcv c fktgev ncdgnkpi qh rkzgnu hcknu
vq kpfweg c nqecnn{ eqjgtgpv ugiogpvcvkqp. fwg vq vjg enqug ukoknctkv{0 *d+ ujqyu vjcv
ncdgnkpi qh htciogpvu rtqfwegu eqjgtgpv ncdgnkpi. dwv vjg ncdgnkpi ku qxgt/ugiogpvgf0
*e+ ujqyu vjcv c inqdcn eqodkpcvqtkcn qrvkok|cvkqp ecrvwtgu ugocpvkecnn{ ogcpkpihwn
rctvu. cpf cuukipu vjg eqttgev ncdgn0

Jgtg $i1/ i2% ctg pgkijdqtkpi htciogpvu kp Ltest0 ! *i/ O*i++ ku vjg equv fg�pgf kp
Uge0 505. ygkijvgf d{ vjg uk|g qh gcej htciogpv0 Vjg rcktykug eqpuvtckpv "*+ ku
gzvgpfgf vq pgkijdqtkpi htciogpvu d{ uwookpi vjg eqpuvtckpv qxgt vjgkt ujctgf
dqwpfct{<

" *i1/ i2/ O*i1+/ O*i2++ ?
#

$p,q%,p"f1,q"f2

" *s/ t/ O*i1+/ O*i2++ 1

Hkpcnn{. Otest ku fgvgtokpgf d{ uqnxkpi< Otest ? okpL H*O+1 Yg crrn{ vjg itcrj/
ewvu ownvk/ncdgn qrvkok|cvkqp vgejpkswg hqt vjg htciogpv/dcugf gpgti{ vgto
H*O+. wukpi vjg cnrjc/gzrcpukqp ogvjqf ]34_0

4 Implementation and Results

Kocig htciogpvcvkqp ku korngogpvgf ykvj vjg ogcp/ujkhv cniqtkvjo htqo ]42_0
Itcrj/ewvu qrvkok|cvkqp ku korngogpvgf ykvj vjg Max�ow cniqtkvjo htqo ]43_.
yjkej eqorwvgu vjg qrvkocn ewv hqt gcej cnrjc/gzrcpukqp oqxg0 Kp vjku korng/
ogpvcvkqp vjg vtcfg/q! dgvyggp tgikqpu cpf dqwpfctkgu. ku eqpvtqnngf d{ c ukping
rctcogvgt #0 Hkiwtg 9 fgoqpuvtcvgu vjg rtqhqwpf g!gev qh vjku rctcogvgt qp vjg
tguwnvu0 Kp cnn qwt gzrgtkogpvu yg wugf c �zgf # xcnwg hqt cnn vjg kocigu ykvjkp
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vjg ucog ugtkgu. v{rkecnn{ ugvvkpi # vq qpg qt c pgctd{ xcnwg0 Hqt ugctejkpi uswctg
rcvejgu yg wugu c mf/vtgg ]44_0 Kp oquv qh qwt tguwnvu. yg wug rcvejgu qh uk|g 9ª90
Vq tgfweg eqorwvcvkqp vkog. yg ucorng qpn{ 7' qh rquukdng rcvejgu ykvjkp gcej
ncdgn kp vjg vtckpkpi rckt0 Ncdgnkpi qh kocigu qh uk|g 478 ª 478 rkzgnu. ykvj vjtgg
vq ukz ncdgnu vcmgu c hgy ugeqpfu qp c 30: IJ| Rgpvkwo 6 ocejkpg0

Yg vguv qwt ogvjqf kp vjg hqnnqykpi uegpctkq< Ykvjkp c ugv qh ukoknct kocigu.
qpg kocig ku ejqugp vq dg vjg vtckpkpi kocig0 Yg ocpwcnn{ ugiogpvgf vjg kocig
kpvq ownvkrng ugocpvkecnn{ ogcpkpihwn rctvu. cpf eqnqtgf gcej rctv ykvj c wpkswg
eqnqt0 Codkiwqwu rkzgnu ygtg octmgf kp dncem0 Vtckpgf d{ vjku kocig rckt. qwt cn/
iqtkvjo ku wugf vq kpfweg vjg eqttgev ncdgnkpi qp vjg tgockpkpi kocigu0 D{ kocig
ukoknctkv{ yg tgswktg vjcv cnn kocigu ujqwnf fgrkev vjg ucog uwdlgev *g0i0. dktfu
qp vjg itcuu+. jcxg ukoknct knnwokpcvkqp eqpfkvkqpu cpf ctg qh ukoknct tguqnwvkqp
cpf uecng0 Kp uqog qh vjg gzcorngu. yg crrn{ ocpwcn jkuvqitco gswcnk|cvkqpu
cpf uecnkpi kp qtfgt vq gphqteg vjgug tgswktgogpvu0

Fgrgpfkpi qp vjg crrnkecvkqp. vjgtg ctg ocp{ yc{u vq ugiogpv c rctvkewnct
kocig kpvq ugocpvkecnn{ ogcpkpihwn rctvu0 Hkiwtg 3 fgrkevu qwt gzrgtkogpvu qh
etgcvkpi fk!gtgpv eqpegkxcdng ncdgnkpiu cpf vjgkt kpfwevkqp qp cpqvjgt kocig
ykvjkp vjg ucog fqockp0 Pqvg vjcv egtvckp ugocpvkecnn{ ogcpkpihwn ncdgnkpiu.
nkmg vjg qpg vjcv ogtigu enqvjgu cpf jckt wpfgt vjg ucog ncdgn. ecppqv dg ejct/
cevgtk|gf kp vgtou qh ukorng kocig hgcvwtgu. cpf vjwu ecppqv dg kphgttgf ykvjqwv
cp gzrnkekv fguetkrvkqp qt cp gzcorng0

Cu fguetkdgf cdqxg. yg wug htciogpvcvkqp vq gphqteg nqecnn{/eqjgtgpv ncdgnkpi
qh rkzgnu. cpf itcrj/ewvu qrvkok|cvkqp vq kpfweg vjg inqdcnn{ qrvkocn cuukipogpv
qh ncdgnu vq htciogpvu0 Rctvkewnctn{. rtqrcicvkqp qh kphqtocvkqp cetquu htciogpvu
ku etwekcn kp uegpctkqu yjgtg fk!gtgpv ugocpvke rctvu ujctg ukoknct uwd/rctvu0 Yg

Vtckpkpi Kocig Vtckpkpi Ugiogpvcvkqp Kprwv Kocig

! ? 2/3 ! ? 7 ! ? 3

Gjh/ 8/ Vjg vtcfgq! dgvyggp htciogpv ncdgnkpi equvu cpf vjg rcktykug uoqqvjpguu
eqpuvtckpvu ku eqpvtqnngf d{ c ukping rctcogvgt !0 C nqy ! xcnwg hcxqtu dqwpfctkgu cpf
rtqfwegu c qxgt/ugiogpvcvkqp. yjkng c jkij ! xcnwg rgpcnk|gu dqwpfctkgu. rtqfwekpi
wpfgt/ugiogpvcvkqp0
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Vtckpkpi Ugv *c+ *d+ *e+

Gjh/ 9/ Ctdkvtct{ ugiogpv ujcrgu0 Vjg ugiogpvcvkqp dgvyggp dgct cpf ycvgt ku kpfwegf
qp vjtgg fk!gtgpv kocigu0 Pqvkeg vjcv vjg kpfwegf ugiogpvcvkqp oc{ eqpvckp jqngu *c+.
cpf dg pqp/eqpvkiwqwu *d+. dwv qwt ogvjqf ecppqv ugrctcvg ownvkrng qdlgevu dgnqpikpi
vq vjg ucog ncdgn *e+0

Vtckpkpi Ugv *c+ *d+ *e+ *f+

Gjh/ :/ Qdlgev fgvgevkqp cpf kfgpvk�ecvkqp0 Kocigu qh vyq v{rgu qh dktfu ctg ikxgp cu c
vtckpkpi ugv. gcej dktf octmgf d{ c fkuvkpev ncdgn0 Ncdgnkpi tguwnvu *c/e+ fgoqpuvtcvg
qwt cniqtkvjo�u cdknkv{ vq fgvgev vjg rtgugpeg qh gcej dktf0 Vjg itc{ uecng kocig *f+
fgoqpuvtcvgu vjg ncdgnkpi cuukipogpv equvu qh kocig *e+. fkuenqukpi c itgcvgt eqp�fgpeg
qxgt vjg ncdgnkpi qh vjg nghv dktf vjcp vjg tkijv dktf. cu vjg ncvvgt fk!gt htqo vjg vtckpkpi
kocig0 Tguwnvu ykvjqwv itcrj ewv qrvkok|cvkqp *f+ knnwuvtcvg kvu eqpvtkdwvkqp0

fgoqpuvtcvg vjg g!gev qh vjg htciogpvcvkqp cpf inqdcn qrvkok|cvkqp kp Hkiwtg 8.
d{ ujqykpi vjg eqpugswgpegu qh qokvvkpi gcej qh vjgo0

Qwt ogvjqf ku kpxctkcpv vq vjg pwodgt qh kpuvcpegu qh gcej ugocpvke rctv
ykvjkp vjg kocig. cpf kpugpukvkxg vq vjg ujcrg qh gcej rctv0 Hkiwtg : ujqyu vjg
ncdgnkpi qh rctvu ykvj fk!gtgpv vqrqnqi{. kp rctvkewnct. jqngu *d+ cpf fkueqp/
vkpwkvkgu *e+0 Qp vjg qvjgt jcpf. qwt ogvjqf ecppqv ugrctcvg ugiogpvu yjkej
eqttgurqpf vq ownvkrng kpuvcpegu qh vjg ucog ugocpvke ncdgn. cu kp vjg dgct hcokn{
kocig *e+0
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Vjg cdknkv{ vq ugiogpv cp kocig cpf fgvgev vjg ugocpvke ogcpkpi qh gcej rctv
ku fgoqpuvtcvgf kp Hkiwtg ;0 Kocigu qh vyq v{rgu qh dktfu ctg ikxgp cu c vtckp/
kpi ugv. yjgtg gcej dktf ku octmgf d{ c fkuvkpev ncdgn0 Vjg tguwnvu fgoqpuvtcvg
vjg cdknkv{ vq eqttgevn{ fgvgev cpf fkuvkpiwkuj dgvyggp vjg dktfu *c+0 Vjg dqv/
vqo kocig kp *d+ cnuq fgoqpuvtcvgu vjcv ukpeg htciogpvu tgurgev kocig gfigu.
vjg ncdgngf tgikqpu jcxg eqttgev dqwpfctkgu. yjkej citgg ykvj vjg wpfgtn{kpi
kocig0

Pqvg vjcv vjg nqygt tkijv dktf kp *e+ vqr eqpuvkvwvgu c fk"ewnv ecug. ukpeg kv ku
c dkv fctmgt vjcp kvu eqwpvgtrctv kp vjg gzcorng kocig. ocmkpi kv oqtg ukoknct
vq vjg ugeqpf v{rg qh dktf0 Vjku ku gxkfgpv kp vjg itc{/uecng �iwtg *f+ vqr. yjkej
xkuwcnk|gu vjg qrvkocn equv qh vjg inqdcnn{ qrvkocn ncdgnkpi. fgoqpuvtcvkpi vjg
rtqdngo qh ocmkpi engct ewv fgekukqp0 Vjku kocig ecp dg vtgcvgf cu c eqp�fgpeg
ocr. cpf kv fkuenqugu c itgcvgt eqp�fgpeg qxgt vjg ncdgnkpi qh vjg nghv dktf vjcp
vjg tkijv dktf0

5 Discussion and Future Work

�The whole is greater than the sum of its parts� ]45_ ku qpg qh vjg Iguvcnv rtkp/
ekrngu0 Kp vjku rcrgt. yg kfgpvkh{ vjg rctvu *htciogpvu+ qh vjg yjqng *ogcpkpihwn
qdlgev+ d{ cuukipkpi vjgo c eqooqp ncdgn0 Kp igpgtcn. ncdgnkpi ogcpkpihwn rctvu
ku mpqyp vq dg c fk"ewnv vcum0 Yg jcxg ujqyp vjcv kpfwekpi c ncdgnkpi htqo
cp gzcorng ecp g!gevkxgn{ rgthqto vjku vcum hqt c ugv qh kocigu htqo vjg ucog
fqockp0 Yg ecp cvvtkdwvg vjku vq vjg hqnnqykpi tgcuqpu< *k+ Vjg gzcorng fg�pgu
vjg itcpwnctkv{ qh vjg fguktgf qwvrwv0 Vjcv ku. yjgvjgt yg gzrgev vq ncdgn c
eqorngvg jwocp dqf{. qt kvu uwd/rctvu< jcpfu. vqtuq. jgcf. gve0 *kk+ Vjg gzcorng
cnnqyu vjg wug qh c pqp/rctcogvtke oqfgn vq cnngxkcvg vjg jwig urceg qh rctvu0
Vjgug jcxg oqtg fkuetkokpcvkxg rtqrgtvkgu vjcp rctcogvtke oqfgnu0 Hkiwtg 8
fgoqpuvtcvgu vjcv crrn{kpi vjg ncdgnkpi vq htciogpvu tcvjgt vjcp rkzgnu rtq/
xkfgu dgvvgt tguwnvu0 Pqvg vjcv vjg ujcrgu qh qwt htciogpvu ctg fcvc fgrgpfgpv
tcvjgt vjcp dgkpi rtgfg�pgf *g0i0. tgevcpingu qt gnnkrugu+0 Yg dgnkgxg vjcv vjg
ncdgnkpi rtqdngo ujqwnf cfftguu ogcpkpihwn dwknfkpi dnqemu. cpf vjcv rkzgnu ctg
vqq uocnn vq dg kphqtocvkxg0

Kp vjg hwvwtg yg yqwnf nkmg vq kpxguvkicvg vjg crrnkecdknkv{ qh qwt ogvjqf
vq c ugtkgu qh kocigu ykvj uqog urcvkcn eqjgtgpeg0 Uwej eqjgtgpeg ecp cuukuv
vjg ncdgnkpi qh htciogpvu cetquu vjg kocigu d{ eqpukfgtkpi vjgkt tgncvkxg urcvkcn
rqukvkqp kp vjg kocig0 Vjku ecp vjgp ngcf vq xctkqwu vtcemkpi ogvjqfu crrnkecdng
vq xkfgq ykvj uegpctkqu yjkej kpenwfg qeenwukqpu cpf htgswgpv uegpg ewvu0
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80 Ghtqu. C0C0. Htggocp. Y0V0< Kocig swknvkpi hqt vgzvwtg u{pvjguku cpf vtcpuhgt0
CEO Vtcpucevkqpu qp Itcrjkeu. *UKIITCRJ+ *4223+ 563�568

90 Xkpegpv. N0. Uqknng. R0< Ycvgtujgfu kp fkikvcn urcegu< Cp g"ekgpv cniqtkvjo dcugf
qp koogtukqp ukowncvkqpu0 Vtcpu0 qp Rcvvgtp Cpcn{uku cpf Ocejkpg Kpvgnnkigpeg
24 *3;;3+ 7:5�7;:

:0 Eqocpkekw. F0. Oggt. R0< Ogcp ujkhv< C tqdwuv crrtqcej vqyctf hgcvwtg urceg
cpcn{uku0 Vtcpu0 qp Rcvvgtp Cpcn{uku cpf Ocejkpg Kpvgnnkigpeg *4224+ 825�83;

;0 Nweejgug. N0. Okvtc. U0M0< Eqnqt kocig ugiogpvcvkqp< C uvcvg/qh/vjg/ctv uwtxg{0
Rtqe0 Kpfkcp Pcvkqpcn Uekgpeg Cecfgo{ *KPUC/C+ 78 *4223+ 429�443

320 Ujk. L0. Ocnkm. L0< Pqtocnk|gf ewvu cpf kocig ugiogpvcvkqp0 Vtcpu0 qp Rcvvgtp
Cpcn{uku cpf Ocejkpg Kpvgnnkigpeg 33 *4222+ :::�;27

330 [gfkfkc. L0U0. Htggocp. Y0V0. Ygkuu. [0< Wpfgtuvcpfkpi dgnkgh rtqrcicvkqp cpf
kvu igpgtcnk|cvkqpu0 Gzrnqtkpi ctvk�ekcn kpvgnnkigpeg kp vjg pgy oknngppkwo *4225+
45;�48;

340 Dq{mqx. [0. Lqnn{. O0< Kpvgtcevkxg itcrj ewvu hqt qrvkocn dqwpfct{ cpf tgikqp
ugiogpvcvkqp qh qdlgevu kp P/F kocigu0 Kp< Kpvgtpcvkqpcn Eqphgtgpeg qp Eqorwvgt
Xkukqp. Xcpeqwxgt . DE0 *4223+ 327�334

350 Htggocp. Y0. Lqpgu. V0. Rcu|vqt. G0< Gzcorng/dcugf uwrgt/tguqnwvkqp0 KGGG Eqo/
rwv0 Itcrj0 Crrn0 33 *4224+ 78�87

360 Dqtgpuvgkp. G0. Wnnocp. U0< Encuu/urgek�e. vqr/fqyp ugiogpvcvkqp0 Kp< Gwtqrgcp
Eqphgtgpeg qp Eqorwvgt Xkukqp0 Xqnwog 40. Eqrgpjcigp. Fgpoctm *4224+ 32;�346

370 Nk. [0. Uwp. L0. Vcpi. E0M0. Ujwo. J0[0< Nc|{ upcrrkpi0 CEO Vtcpucevkqpu qp
Itcrjkeu. *UKIITCRJ+ 34 *4226+ 525�52:

380 Tqvjgt. E0. Mqnoqiqtqx. X0. Dncmg. C0< �ItcdEwv�< kpvgtcevkxg hqtgitqwpf gzvtce/
vkqp wukpi kvgtcvgf itcrj ewvu0 CEO Vtcpucevkqpu qp Itcrjkeu 34 *4226+ 52;�536

390 Dq{mqx. [0. Xgmungt. Q0. \cdkj. T0< Hcuv crrtqzkocvg gpgti{ okpkok|cvkqp xkc
itcrj ewvu0 KGGG Vtcpu0 Rcvvgtp Cpcn0 Ocej0 Kpvgnn0 34 *4223+ 3444�345;

3:0 Ycpi. L0. Zw. [0. Ujwo. J0[0. Eqjgp. O0H0< Xkfgq vqqpkpi0 CEO Vtcpucevkqpu
qp Itcrjkeu. *UKIITCRJ+ 34 *4226+ 796�7:5

3;0 Cictycnc. C0. Jgtv|ocpp. C0. Ucngukp. F0. Ugkv|. U0< Mg{htcog/dcugf vtcemkpi hqt
tqvqueqrkpi cpf cpkocvkqp0 CEO Vtcpucevkqpu qp Itcrjkeu. *UKIITCRJ+ 34
*4226+ 7:6�7;3

420 Ejtkuvqwfkcu. E0O0. Igqtiguew. D0< Gfig fgvgevkqp cpf kocig ugiogpvcvkqp *gfk/
uqp+ u{uvgo0 *jvvr<11yyy0eckr0twvigtu0gfw1tkwn1tgugctej1tqdwuv0jvon+

430 Dq{mqx. [0. Mqnoqiqtqx. X0< Ocz�qy uqhvyctg0 *jvvr<11yyy0eu0eqtpgnn0gfw1
Rgqrng1xpm1uqhvyctg0jvon+

440 Oqwpv. F0. Ct{c. U0< Cpp< Nkdtct{ hqt crrtqzkocvg pgctguv pgkijdqt ugctejkpi0
*jvvr<11yyy0eu0wof0gfw1 oqwpv1CPP1+

450 Ygtvjgkogt. O0< Rtqfwevkxg Vjkpmkpi0 Eqnnkpu. P[ *3;67+


