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#DUVTCEVÿ 6JG )GPGVKE 0GKIJDQTJQQF 5GCTEJ ö)05õ KU C J[DTKF OGVJQF HQT

EQODKPCVQTKCN QRVKOK\CVKQP RTQDNGOUÿ # OCKP HGCVWTG QH VJG CRRTQCEJ KU VJG

KVGTCVKXG WUG QH NQECN UGCTEJ QP GZVGPFGF PGKIJDQTJQQFUþ YJGTG VJG DGVVGT

UQNWVKQP YKNN DG VJG EGPVGT QH C PGY GZVGPFGF PGKIJDQTJQQFÿ 9G RTQRQUG WUKPI

C IGPGVKE CNIQTKVJO VQ GZRNQTG VJG GZVGPFGF PGKIJDQTJQQFUÿ %QORWVCVKQPCN

GZRGTKGPEGU UJQY VJCV VJKU CRRTQCEJ KU TQDWUV YKVJ TGURGEV VQ VJG UVCTVKPI RQKPV

CPF VJCV JKIJ SWCNKV[ UQNWVKQPU CTG QDVCKPGF KP TGCUQPCDNG VKOGÿ

ü ûPVTQýWEVÿQP

%QODKPCVQTKCN QRVKOK\CVKQP FGCNU YKVJ VJG RTQDNGO QH OKPKOK\KPI þQT OCZKOK\KPIý C

HWPEVKQP YJGTG VJG UQNWVKQP UGV KU QHVGP TGRTGUGPVGF D[ C UGV QH FGEKUKQP XCTKCDNGUÿ

YJQUG XCNWGU ECP JCXG EGTVCKP TCPIGU =ü?û # UQNWVKQP KU TGRTGUGPVGF D[ C XCNWG

CUUKIPGF VQ VJGUG XCTKCDNGUû 6Q HKPF C INQDCNN[ QRVKOCN UQNWVKQP EQPUKUVU KP HKPFKPI C

UQNWVKQP DGVYGGP VJG UGV QH HGCUKDNG UQNWVKQPUû /CVJGOCVKECNN[ÿ C RTQDNGO QH

EQODKPCVQTKCN QRVKOK\CVKQP KU FGHKPGF D[ VJG RCKT ÿ(þ Hý =ú?ù

FTTfmin ∈),( þÿý

9JGTG ( KU VJG UGV QH HGCUKDNG UQNWVKQPU HQT VJG RTQDNGOÿ CPF VJG HWPEVKQP Hÿ6ý

OGCUWTG VJG SWCNKV[ QH VJG UQNWVKQPÿ UWEJ VJCVù

ℜ→Tf : þþý

/CP[ JGWTKUVKE OGVJQFU HQT EQODKPCVQTKCN QRVKOK\CVKQP RTQDNGOU CTG DCUGF KP NQECN

UGCTEJû 6JG WUG QH C NQECN UGCTEJ CNIQTKVJO KORNKGU VJG FGHKPKVKQP QH C PGKIJDQTJQQFû

# PGKIJDQTJQQF HWPEVKQP 0 KU C OCRRKPIÿ

FFN 2: → þýý

9JKEJ FGHKPGU HQT GCEJ UQNWVKQP Fi ∈ þ C UGV FiN ⊆)( QH UQNWVKQPUÿ ECNNGF VJG

PGKIJDQTJQQF QH (ÿ VJCV CTG KP UQOG UGPUG ENQUG VQ Kû 6JG OGCPKPI QH øENQUG VQ Kø KU

VJCV VJG[ ECP DG TGCEJGF HTQO K D[ C UKPING OQXGû 6JKU UKPING÷OQXG EQPEGRV ECP DG

EQPUKFGTGF CU C HKTUV÷QTFGT PGKIJDQTJQQF YJKNG RGTHQTOKPI UGXGTCN EQPUGEWVKXG OQXGU
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CNNQYU VJG FGHKPKVKQP QH GZVGPFGF PGKIJDQTJQQFÿ VJG QTFGT QH VJG GZVGPFGF

PGKIJDQTJQQF EQTTGURQPFKPI VQ VJG PWODGT QH EQPUGEWVKXG OQXGUþ # OQXG KU CP

QRGTCVQTÿ YJKEJ VTCPUHQTOU QPG UQNWVKQP QPVQ CPQVJGT XKC UOCNN OQFKHKECVKQPU =ý?þ #

UQNWVKQP K KU NQECNN[ QRVKOCN YKVJ TGURGEV VQ VJG PGKIJDQTJQQF 0ÿ KHü

)(),()( iNxxfif ∈∀≤ ûÿú

# NQECN UGCTEJ RTQEGUU ECP DG XKGYGF CU VJG RTQEGFWTG QH OKPKOK\KPI VJG EQUV

HWPEVKQP H KP C PWODGT QH UWEEGUUKXG UVGRU KP GCEJ QH YJKEJ VJG EWTTGPV UQNWVKQP K KU

DGKPI TGRNCEGF D[ C UQNWVKQP L UWEJ VJCVü

)(),()( iNjifjf ∈< ûþú

6JGTG CTG OCP[ FKHHGTGPV YC[U VQ EQPFWEV NQECN UGCTEJ KP VJG PGKIJDQTJQQFU =ù?ü

$GUV KORTQXGOGPV NQECN UGCTEJ TGRNCEGU VJG EWTTGPV UQNWVKQP YKVJ VJG UQNWVKQP VJCV

KORTQXGU OQUV KP EQUV CHVGT UGCTEJKPI VJG YJQNG PGKIJDQTJQQFÿ CPF HKTUV KORTQXGOGPV

NQECN UGCTEJ CEEGRVU C DGVVGT UQNWVKQP YJGP KV KU HQWPFþ

6JG UVTCVGI[ RTGUGPVGF YKVJ VJG PCOG )GPGVKE 0GKIJDQTJQQF 5GCTEJ û)05ú KU C

PGY JGWTKUVKE DCUGF KP NQECN UGCTEJ DWV QH C URGEKCN OQFGÿ YJGTG C )GPGVKE #NIQTKVJO

û)#ú KU WUGF HQT GZRNQTG VJG PGKIJDQTJQQFU û=ý? CPF =ø?úþ

6JG TGUV QH VJKU RCRGT KU UVTWEVWTGF CU HQNNQYUþ +P UGEVKQP ÷ VJG DCUKE )05 CNIQTKVJO

KU FGRKEVGFþ +P UGEVKQP ý YG IKXG CP CEEQWPV QH VJG CRRNKECVKQP QH VJG OGVJQF VQ VJG

5[OOGVTKE 6TCXGNKPI 5CNGUOCP 2TQDNGOþ (KPCNN[ÿ KP UGEVKQP øÿ UQOG EQPENWUKQPU CTG

FTCYPþ

ú )GPGVÿE 0GÿIþDQTþQQý 5GCTEþ

6JG )GPGVKE 0GKIJDQTJQQF 5GCTEJ CNIQTKVJO YG RTQRQUG JCU VJG HQNNQYKPI UEJGOCü

IKXGP C KPKVKCN UQNWVKQPÿ Z
ÿ
ÿ CPF CP GZVGPFGF PGKIJDQTJQQF 0 QH QTFGT . CTQWPF Z

ÿ
ÿ VJG

)# RTQRQUGF YKNN RGTHQTO CP GZRNQTCVKQP QH VJKU PGKIJDQTJQQFþ 6JG DGUV UQNWVKQP

QDVCKPGF D[ VJG )# YKNN DGEQOG VJG EGPVGT QH C PGY GZVGPFGF PGKIJDQTJQQF YJKEJ

YKNNÿ KP VWTPÿ DG GZRNQTGF WUKPI VJG )#þ 6JG )05 KU CP KVGTCVKXG KORTQXGOGPV NQECN

UGCTEJÿ YJKEJ RUGWFQEQFG FGUETKRVKQP HQNNQYUü

Optimization: x0 × L × A × • → x*

k ← 0
optimum ← LOCAL
Neighborhood ← L
do

xk+1 ← GNS (Neighborhood, xk)
if ( Convergence (xk, xk+1, •)) then Neighborhood ← L
else if (Can_Increase (A))
then Neighborhood ← Neighborhood + L
else optimum ← GLOBAL

   k ← k + 1
while  (optimum = LOCAL)
return xk
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0QVG VJCV YJGP C )05 FQGUPÿV KORTQXG VJG EGPVGT QH VJG PGKIJDQTJQQFþ VJG QTFGT QH

VJG PGKIJDQTJQQF KU KPETGCUGF CPF VJKU ECP DG FQPG WR VQ # VKOGUý 6JG QDLGEVKXG KU VQ

CXQKF VJG NQECN QRVKOWOý 6JG OCZKOWO QTFGT QH VJG GZVGPFGF PGKIJDQTJQQF YKNN DGü

ALLmax ×= ûÿú

6JG QTFGT QH VJG PGKIJDQTJQQF . KU CP KPRWV RCTCOGVGT QH VJG CNIQTKVJOý 5KPEG KV

FGVGTOKPGU VJG UK\G QH VJG UGCTEJ TGIKQPþ QVJGT RCTCOGVGTU QH VJG CNIQTKVJO FGRGPF QH

VJG XCNWG QH .ý 5Qþ VJG UK\G QH VJG RQRWNCVKQP CPF VJG PWODGT QH IGPGTCVKQP QH VJG )#

CTG RTQRQTVKQPCN VQ .ü

Size_Pob = L/σ

0A)GP ÿ 5K\GA2QD þ θ
ûþú

ýüû 4GRTGUGPVCVKQP

6JG KPFKXKFWCNU CTG EQFGF CU C UWEEGUUKQP QH . OQXGOGPVU HTQO VJG EGPVGT RQKPV QH

VJG PGKIJDQTJQQFý 6JG OQXGOGPVU CTG FGRGPFGPV QH VJG URGEKHKE EQODKPCVQTKCN

RTQDNGOý +P VJG UGEVKQP ù YG UJQY JQY VJG KPFKXKFWCNU ECP DG EQFGF HQT VJG 6TCXGNKPI

5CNGUOCP 2TQDNGOý

ýüý (KVPGUU

6JG GXCNWCVKQP QH VJG KPFKXKFWCN EQPUKUV KP ECNEWNCVG VJG XCNWG QH VJG QDLGEVKXG

HWPEVKQP HQT GCEJ OQXG KP ECUG QH C OCZKOK\CVKQP RTQDNGO CPF OKPWU VJG QDLGEVKXG

HWPEVKQP HQT C OKPKOK\CVKQP RTQDNGOý 6JG DGVVGT UQNWVKQP KP VJG VTCLGEVQT[ QH VJG

KPFKXKFWCN KU VJG XCNWG QH VJG HKVPGUUý 5WEJ VJCVþ KH (KVPGUUKÿL KU VJG XCNWG QH VJG QDLGEVKXG

HWPEVKQP HQT VJG KPFKXKFWCN K CHVGT VJG OQXGOGPV Lþ VJG HKVPGUU QH VJG KPFKXKFWCN KUü

{ }LjjiFitnessmaxiFitness ,...,1,, == ûúú

0QVG VJCV VJG HKVPGUU QH VJG KPFKXKFWCN KU PQV VJG XCNWG KP VJG NCUV OQXGOGPVý

/QTGQXGTþ UKPEG VJG KPFKXKFWCN TGRTGUGPVU . RQUUKDNG UQNWVKQPUþ VJG )# RQRWNCVKQP

KORNKEKVN[ EQPVCKPU LPobSize ×_ UQNWVKQPUý

ýüù 1RGTCVQTU

6JG )# GORNQ[U VJTGG QRGTCVQTU HQT OWVCVKQP CPF VYQ HQT ETQUUQXGTý # UVGCF[ UVCVG

)# JCU DGGP KORNGOGPVGFý +P GCEJ KVGTCVKQP GKVJGT OWVCVKQP QT ETQUUQXGT KU CRRNKGFþ

UQ VJG RTQDCDKNKV[ QH OWVCVKQP û2/ú CPF VJG RTQDCDKNKV[ QH ETQUUQXGT û2% ú CTG

1=+ CM PP ý

©CEJ QRGTCVQT HQT OWVCVKQP JCU C RTQDCDKNKV[þ UWEJ VJCV VJG UWO QH VJGUG

RTQDCDKNKVKGU KU 2/ý 6JG VJTGG QRGTCVQTU HQT OWVCVKQP CTGü
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• ©ZEJCPIG /WVCVKQP EQPUKUVU KP VQ GZEJCPIG VJG RQUKVKQP QH UQOG RCKTU QH

OQXGOGPVUÿ 6JG PWODGT QH GZEJCPIG KU EMPL × þ YJGTG EMP KU VJG RTQDCDKNKV[

QH VJKU QRGTCVQTÿ

• /QFKH[ /WVCVKQP EQPUKUVU KP CNVGT VJG XCNWG QH UQOG OQXGOGPVUÿ 6JG PWODGT QH

OQFKH[ KU MMPL× þ YJGTG 2// KU VJG RTQDCDKNKV[ QH VJKU QRGTCVQTÿ

• /WVCVKQP &KTGEVGF D[ (KVPGUU EQPUKUVU KP CRRN[KPI VJG /QFKH[ /WVCVKQP DWV QPN[ VQ

VJG OQXGOGPVU HQNNQYKPI VJG OQXG VJCV FGHKPGU VJG HKVPGUU QH VJG KPFKXKFWCNÿ 6JG

PWODGT QH OWVCVKQP KU MDFPL× þ YJGTG 2/&( KU VJG RTQDCDKNKV[ QH VJKU QRGTCVQTÿ

©CEJ QRGTCVQT HQT ETQUUQXGT JCU C RTQDCDKNKV[þ UWEJ VJCV VJG UWO QH VJGUG

RTQDCDKNKVKGU KU 2%ÿ 6JG QRGTCVQTU HQT ETQUUQXGT CTGý

• 7PKHQTO %TQUUQXGT EQPUKUVU KP VQ IGPGTCVG C PGY KPFKXKFWCN YKVJ VJG

OQXGOGPVUþ UGNGEV TCPFQON[þ QH VJG VYQ RCTGPVUÿ

• %TQUUQXGT &KTGEVGF D[ (KVPGUU EQPUKUVU KP GZEJCPIKPI QPN[ VJG OQXGOGPVU

HQNNQYKPI VJG OQXG VJCV FGHKPGU VJG HKVPGUU QH VJG KPFKXKFWCNÿ 1PN[ VJG DGVVGT

EJKNF KU KPVTQFWEGF KP VJG PGY RQRWNCVKQPÿ 6JG HKIWTG ü UJQYU VJKU QRGTCVQTþ

YJGTG VJG ITC[ \QPGU CTG VJG OQXGU RTKQT VQ VJG QPG VJCV FGHKPGU VJG HKVPGUUÿ

(KIÿ þÿ 6JG %TQUUQXGT &KTGEVGF D[ (KVPGUUÿ

ÿþ 4   5GNGEVKQP

6JG QRGTCVQTU HQT OWVCVKQP CPF ETQUUQXGT TGSWKTG VJG UGNGEVKQP QH VJG RCTGPVUþ CPF VJG

KPFKXKFWCN VQ DG FGNGVGF HTQO VJG RQRWNCVKQPÿ +P DQVJ QRGTCVQTU ûETQUUQXGT QT

OWVCVKQPúþ VJG UGNGEVKQP QH KPFKXKFWCN HQT TGRNCEGOGPV KU HKVPGUUùDCUGFþ YJGTG VJG

KPFKXKFWCNU YKVJ YQTUG HKVPGUU JCXG C DKIIGT RTQDCDKNKV[ QH UGNGEVKQP VJCP VJG

KPFKXKFWCNU YKVJ DGVVGT HKVPGUUÿ

+P VJG ECUG QH OWVCVKQPþ VJG KPFKXKFWCN PGEGUUCT[ HQT VJG QRGTCVQT KU TCPFQON[

UGNGEVGFþ KÿGÿ VJG UGNGEVKQP KU PQV HKVPGUUùDCUGFÿ +P VJG ETQUUQXGTþ VJG VYQ RTQIGPKVQTU

CTG UGNGEVGF RTQRQTVKQPCN VQ VJGKT HKVPGUUþ PCOGN[ WUKPI VJG TQWNGVVG YJGGN RTQEGFWTG

=ø?þ YJGTG VJG KPFKXKFWCNU YKVJ YQTUG HKVPGUU JCXG C UOCNNGT RTQDCDKNKV[ QH UGNGEVKQP

VJCP VJG KPFKXKFWCNU YKVJ DGVVGT HKVPGUUÿ
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ÿþ5 6JG )GPGVKE #NIQTKVJO

6JG RUGWFQEQFG QH )# GORNQ[ HQT VJG GZRNQTCVKQP QH C PGKIJDQTJQQF KU VJG

HQNNQYKPIÿ

GNS: S POP × PC × PCU × PM × PMI × PMA × G × L × A × x0 → x*

t ← 0
Pt ← Initialize_Population (SPOB, L,  x

0 )
while  (t < G)
do
   t ← t + 1
   op ← Select_Operator (PC, PCU, PM, PMI, PMA)
   [ind1, ind2 ]  ← Select_Individual (Pt, op)
   new_ind ← Apply_Operator (Pt, op, ind1, ind2)
   old_ind ← Select_Individual_Deletion (Pt)
   Insert_Individual (Pt, old_ind, new_ind)
done
return Best_Individual (Pt)

6JG UVQRRKPI ETKVGTKQP KU VJG OCZKOWO PWODGT QH IGPGTCVKQPU QT C EQPUGEWVKXG

PWODGT QH IGPGTCVKQPU YKVJQWV QDVCKPKPI C DGVVGT UQNWVKQP VJCV VJG EGPVGT QH

PGKIJDQTJQQFþ YJKEJGXGT QEEWTU HKTUVý

ù #RRøÿECVÿQP VQ VþG 5÷ööGVTÿE 6TCXGøÿPI 5CøGUöCP 2TQDøGö

6JGTG CTG OCP[ XCTKCVKQPU VQ VJG 6TCXGNKPI 5CNGUOCP 2TQDNGO ü652û=ú?ý +P VJKU

TGRQTVþ YG EQPUKFGT VJG ENCUUKE 5[OOGVTKE 652ý 6JG RTQDNGO KU FGHKPGF D[ 0 EKVKGU

CPF C U[OOGVTKE OCVTKZ &þ QH FKOGPUKQPU 0 × 0þ YJGTG FKLÿFLK IKXGU VJG FKUVCPEG

DGVYGGP CP[ VYQ EKVKGU K CPF Lþ KþLÿýþüüüþ0ý 6JG IQCN KP 652 KU VQ HKPF C VQWT QH OKPKOCN

NGPIVJ YJKEJ XKUKVU GCEJ EKV[ GZCEVN[ QPEG =ù?ý 6JCV KUþ VJG QDLGEVKXG KU VQ HKPF C E[ENKE

RGTOWVCVKQP µ QP VJG 0 EKVKGUþ UWEJ VJCV OKPKOK\G VJG EQUV QH VJG VQWTÿ

),(),()( )1()()1(

1

1
)( µµµµµ ccdccdF ni

N

i
i += +

−

=
∑

üüû

ûþú 6JG ÿùGZEJCPIG OQXG

+P UGEVKQP øýù YG GZRNCKP VJCV VJG KPFKXKFWCNU QP )05 CTG C UWEEGUUKQP QH .

OQXGOGPVUý +P VJG 652þ VJG OQXG GORNQ[GF KU VJG ûúGZEJCPIGý +V EQPUKUVU KP

TCPFQON[ UGNGEV VYQ EKVKGUþ 2 CPF 3þ KP UWEJ C YC[ CU VJG CTEU ü2þΠù2øø CPF ù3þΠù3øø

CTG FGNGVGFþ CPF VJG PGY CTEU ù2þ3ø CPF ùΠù2øþΠù3øø CTG KPVTQFWEKPIý 6JG HKIWTG ø

UJQYU VJKU OQXGOGPVý
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(KIÿ þÿ 6JG ÿþGZEJCPIG OQXGý

6JG EQFKPI QH VJKU V[RG QH OQXGOGPV KU C XGEVQT QH VYQ EQORQPGPVUÿ YJKEJ

TGRTGUGPV VJG VYQ CTEU VQ FGNGVGþ ©CEJ CTE KU EQFGF YKVJ C XGEVQT QH VYQ GNGOGPVUý VJG

QTKIKP EKV[ CPF VJG FKTGEVKQP QH VJG CTEþ #NVJQWIJ VJG 5[OOGVTKE 652 VJG VQWT JCU PQV

C FKTGEVKQPÿ HQT VJG EQFKHKECVKQP QH KPFKXKFWCNU VJG VQWT JCU C FKTGEVKQPþ 5Qÿ VJG EQFG HQT

VJG FKTGEVKQP QH CP CTE JCU C XCNWG QH ü KH KVûU VJG UCOG FKTGEVKQPÿ QT ú KP QVJGT ECUGþ 6JG

HKIWTG ù UJQYU C VQWTÿ YJGTG VJG FKTGEVKQP KU ENQEMYKUGþ +P VJKU GZCORNGÿ VJG CTE

DGVYGGP VJG EKVKGU ù CPF ø KU EQFGF =ÿþý?ÿ YJKNG VJCV VJG CTE DGVYGGP VJG EKVKGU ù CPF ÷

KU =ÿþü?þ

(KIÿ ýÿ 6JG EQFGF QH CP CTE KP C OQXGOGPV

6JG RTQDNGO QH VJKU TGRTGUGPVCVKQP KU VJCV CP CTE ECP JCXG VYQ EQFGUþ 6JG UQNWVKQP

EQPUKUVU KP WUKPI VJG EQFG KPXQNXKPI VJG NQYGTöNCDGNGF EKV[þ +P VJG GZCORNG QH VJG

HKIWTG ùÿ VJG CTE DGVYGGP VJG EKVKGU ù CPF øÿ YKVJ EQFGF =ÿþý? CPF =ûþü?ÿ KU QPN[

TGRTGUGPVGF D[ =ÿþý?þ

ÿþý (KVPGUU QH VJG KPFKXKFWCNU

©CEJ OQXGOGPV QH CP KPFKXKFWCN JCU C EQUV FWG VQ VJG VYQ CTEU FGNGVGF CPF VJG VYQ

PGY CTEUþ 5Qÿ VJG KPFKXKFWCN K JCU CP KPETGOGPV KP VJG QDLGEVKXG HWPEVKQP FWG VQ VJG

OQXGOGPV Lý
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6JG XCNWG QH VJG KPFKXKFWCN K KP VJG M )05 CUUQEKCVGF VQ VJG OQXGOGPV L KUÿ YJGTG

VJG EGPVGT KPFKXKFWCN QH VJG PGKIJDQTJQQF KU Z
M
þ

∑
−

=

∆+∆+=
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1
, )(

j

h
ijih

k
ji xFFitness
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6JG HKVPGUU QH VJG KPFKXKFWCN KU VJG DGUV XCNWG KP VJG . OQXGOGPVUþ

{ }LjFitnessmaxFitness jii ,...,1,, == ýÿþü

ýüý %QORWVCVKQPCN GZRGTKGPEGU

6Q VGUV VJG RGTHQTOCPEG QH VJG )05ÿ VJG 652.+$ =û? YCU WUGFú #NN VJG VGUVU JCXG DGGP

TWP QP C ùø÷ /*\ 2% 2GPVKWO +++ú 9JCV YG TGRQTV JGTG CTG VJG TGUWNVU QDVCKPGF YKVJ

VJG RTQRQUGF CRRTQCEJ HQT UQOG QH VJG RTQDNGOU VGUVGFú # VJQTQWIJ UVWF[ VQ

DGPEJOCTM )05 YKNN DG VJG UWDLGEV QH CPQVJGT RCRGTú

(KIWTG ù UJQYU VJG TGUWNVU QDVCKPGF D[ VJG )05 KP ö÷÷ TWPU RGTHQTOGF YKVJ

WPKHQTO RTQDCDKNKV[ HQT GCEJ QRGTCVQT CPF CP QTFGT QH VJG PGKIJDQTJQQF .õöøÿ YKVJ

FKHHGTGPV XCNWGU QH VJG RQRWNCVKQP UK\Gÿ HQT VJG 56û÷ RTQDNGO ýYKVJ û÷ EKVKGUüú 6JG

SWCNKV[ QH VJG UQNWVKQP KU OGCUWTGF CU VJG RGTEGPVCIG GTTQT QXGT VJG QRVKOCN UQNWVKQPþ

100
_

__
×

−
CostOptimal

CostOptimalCostSolution ýÿýü

(KIÿ þÿ ©RQEJU CPF %27 VKOG XU SWCNKV[ QH UQNWVKQP HQT FKHHGTGPV UK\G QH RQRWNCVKQPÿ 56þý

RTQDNGOü

0QVG VJCV C UOCNN RQRWNCVKQP UK\G TGSWKTGU OQTG GRQEJU VJCP C NCTIGT UK\Gú

1DXKQWUN[ÿ C NCTIG RQRWNCVKQP TGSWKTGU OQTG EQORWVKPI VKOG DGECWUG KV PGGFU VQ

GXCNWCVG OQTG RQKPVU CPF OQTG IGPGTCVKQPU ýGSWCVKQP ûüú *QYGXGTÿ C TKUG KP VJG

EQORWVKPI VKOG FQGUPôV CNYC[U VTCPUNCVG KPVQ DGVVGT UQNWVKQPU WPNGUU CP GHHGEVKXG VTCFGó

QHH DGVYGGP KPVGPUKHKECVKQP CPF FKXGTUKHKECVKQP KU OCKPVCKPGFú 6JG EQORWVCVKQPCN

GZRGTKGPEGU UJQY VJCV VJG QRVKOWO RQRWNCVKQP UK\G KU CTQWPF öøóò÷ñ QH PWODGT QH

EKVKGUú
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6JG QTFGT . QH VJG GZVGPFGF PGKIJDQTJQQF KU VJG OCKP RCTCOGVGT QH VJG CNIQTKVJOÿ

(KIWTG þ UJQYUý HQT RTQDNGOU ©+.þü CPF 56ûú ùþü CPF ûú EKVKGUý TGURGEVKXGN[øý VJG

TGUWNVU QDVCKPGF D[ )05 HQT HKHV[ TWPU ECTTKGF QWVý WUKPI WPKHQTO RTQDCDKNKV[ HQT GCEJ

QRGTCVQTý C RQRWNCVKQP UK\G QH ÷úö QH PWODGT QH EKVKGU CPF FKHHGTGPV XCNWGU QH VJG

QTFGT QH VJG PGKIJDQTJQQFÿ

Cÿ ©+.þý 2TQDNGO Dÿ 56üû 2TQDNGO

(KIÿ þÿ %27 VKOG XU SWCNKV[ UQNWVKQP D[ FKHHGTGPV QTFGT QH PGKIJDQTJQQFú

0QVG VJCV C NCTIG PGKIJDQTJQQF QTFGT UGGOU VQ NGCF VQ DGVVGT UQNWVKQPU VJCP C

UOCNNGT PGKIJDQTJQQF QTFGTÿ 6JKU OC[ DG FWG VQ )05 YKVJ C NCTIG PGKIJDQTJQQF

QTFGT PGKIJDQTJQQF OQTG GHHGEVKXGN[ CXQKFKPI IGVVKPI VTCRRGF KP NQECN QRVKOCÿ

*QYGXGTý C UOCNN QTFGT QH PGKIJDQTJQQF JCU C NQYGT EQORWVKPI VKOGÿ +V KU VJWU

PGEGUUCT[ VQ TGCEJ C VTCFGõQHH DGVYGGP EQORWVKPI VKOG CPF SWCNKV[ QH VJG UQNWVKQPÿ

6JG EQORWVCVKQPCN GZRGTKGPEGU UJQY VJCV VJG QRVKOCN PGKIJDQTJQQF QTFGT KU DGVYGGP

üú CPF üþý CNNQYKPI HQT CV OQUV ô QT üú TKUGUÿ

Cÿ ©+.þý 2TQDNGO Dÿ 56üû 2TQDNGO

(KIÿ ýÿ +PKVKCN FKUVCPEG VQ QRVKOWO XU SWCNKV[ UQNWVKQP HQT ýûû TCPFQO UVCTVKPI RQKPVú

6JG RTQRQUGF CNIQTKVJO FGRGPFU QP VJG KPKVKCN UQNWVKQP QT UVCTVKPI VQWTÿ (KIWTG ô

UJQY VJG SWCNKV[ QH UQNWVKQP QDVCKPGF YKVJ )05 HQT ©+.þü CPF 56ûú UVCTVKPI HTQO

üúú TCPFQO VQWTU CPF VJG HKIWTG û UJQYU VJG %27 VKOG XGTUWU VJG KPKVKCN FKUVCPEG VQ

VJG QRVKOWOÿ 6JG RQRWNCVKQP UK\G WUGF KU ÷úö QH PWODGT QH EKVKGU ùKÿGÿ üú CPF üþ

TGURGEVKXGN[øÿ 6JG PGKIJDQTJQQF QTFGT KU üú CPF VJG RTQDCDKNKVKGU QH VJG FKHHGTGPV
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QRGTCVQTU CTG WPKHQTOÿ 0QVG VJCVþ KPFGRGPFGPVN[ QH VJG UVCTVKPI RQKPVþ )05 TGCEJGU C

IQQF CRRTQZKOCVG UQNWVKQP VQ VJG QRVKOWOÿ 5KOKNCTN[þ VJG %27 VKOG TGSWKTGFþ FQGU

PQV FGRGPF VQQ OWEJ QP VJG UVCTVKPI RQKPVÿ

Cÿ ©+.þý 2TQDNGO Dÿ 56üû 2TQDNGO

(KIÿ þÿ +PKVKCN FKUVCPEG VQ QRVKOWO XU %27 VKOG HQT ýûû TCPFQO UVCTVKPI RQKPVú

6CDNG ý UJQYU VJG TGUWNVU QDVCKPGF YKVJ UQOG RTQDNGOU QH 652.+$ HQT ýüü TWPUÿ

6JG RTQDCDKNKVKGU GORNQ[GF CTG 2%ûüÿú ù2%&(ûüÿø÷ [ 27%ûüÿýøö [ 2/ûüÿõ ù2©/ûüÿü÷þ

2//ûüÿü÷ [ 2/&(ûüÿýõöÿ 6JG UK\G QH VJG RQRWNCVKQP KU HKZGF VQ õüô QH VJG PWODGT QH

EKVKGUþ GZEGRV KP -41#õüü VJCV KV KU VJG ýóôÿ

6CDNG ýÿ 2TQDNGO 652.+$ EQORWVCVKQPCN TGUWNVUú

2TQDNGO
0Qÿ

+VGTCVKQPU

%27

6KOG

#XGTCIG

GTTQT

ùôö

2QRWNCVKQP

UK\G

0GKIJDQTJQQF

QTFGT

©+.óý ý÷ò ñÿò ðÿõ ýü ó

56òü ýøñ ýýÿõ óÿø ýó ýü

-41#õüü ýüóò õ÷ñÿõ òÿú ðü ýü

2%$÷÷õ ýõýð óõðÿó ýðÿó úü ýó

õ %QPEøWUÿQPU

6JKU RCRGT FGCNU YKVJ C PGY CRRTQCEJ VQ EQODKPCVQTKCN QRVKOK\CVKQPþ EQPUKUVKPI KP

RGTHQTOKPI UWEEGUUKXG GZVGPFGF NQECN UGCTEJGU WUKPI C )GPGVKE #NIQTKVJOÿ )GPGVKE

0GKIJDQTJQQF 5GCTEJ GZRNQTGU CP GZVGPFGF PGKIJDQTJQQF QH C FGVGTOKPCVG QTFGT

ù.ïýö CPF EQPUKFGTKPI VJG DGUV UQNWVKQP QDVCKPGF D[ VJG )# CU VJG EGPVGT QH C PGY

GZVGPFGF PGKIJDQTJQQFÿ 6JG QTKIKPCNKV[ QH VJG OGVJQF KU VJG GZRNQTCVKQP QH JKIJGTî

QTFGT PGKIJDQTJQQFU WUKPI C )# CPF VJG GXCNWCVKQP QH VJG HKVPGUU QH VJG KPFKXKFWCNU CU

VJG DGUV UQNWVKQP HQWPF CNQPI VJG .îOQXG VTCLGEVQT[ÿ $QVJ VJG EQFKHKECVKQP QH VJG

OQXGU CU YGNN CU VJG OWVCVKQP CPF ETQUUQXGT QRGTCVQTU FGRGPF QP VJG RTQDNGO DGKPI

UQNXGFÿ 6JG GZRGTKOGPVU ECTTKGF QWV HQT VJG U[OOGVTKE 652 UJQY VJCV )05 KU TQDWUV

552 J.J. Domínguez, S. Lozano, and M. Calle



YKVJ TGURGEV VJG UVCTVKPI RQKPV CPF IGPGTCNN[ QDVCKP UQNWVKQPU QH IQQF SWCNKV[ KP C

TGCUQPCDNG %27 VKOGÿ

4GHGTGPEGU

ÿþ #CTVUý ©þý .GPUVTCý ,þ-þü .QECN 5GCTEJ KP %QODKPCVQTKCN 1RVKOK\CVKQPþ ,QJP 9KNG[ û 5QPUý

.VFþ úÿùùø÷

öþ /KEJCNGYKE\ý <þý (QIGNý &þ$þü *QY VQ UQNXG KVÿ /QFGTP *GWTKUVKEUþ 5RTKPIGTõ8GTNCIý $GTNKP

*GKFGNDGTI 0GY ;QTMþ úÿùùô÷

óþ 8QWFQWTKUý %þý 6UCPIý ©þü )WKFGF .QECN 5GCTEJþ 6GEJPKECN 4GRQTV %5/õöòøý &GRþ QH

%QORWVGT 5EKGPEGý 7PKXGTUKV[ QH ©UUGZþ úÿùùñ÷

òþ )QNFDGTIý &þ©þü )GPGVKE #NIQTKVJOU KP 5GCTEJþ 1RVKOK\CVKQP CPF /CEJKPG .GCTPKPIþ

#FFKUQPõ9GUNG[ý 4GCFKPIþ úÿùôù÷

ñþ /KEJCNGYKE\ý <þü )GPGVKE #NIQTKVJOU ý &CVC 5VTWEVWTGU ü ©XQNWVKQP 2TQITCOUþ óTF GFPþ

5RTKPIGTõ8GTNCIý $GTNKP *GKFGNDGTI 0GY ;QTMþ úÿùùð÷

ðþ .CYNGTý ©þ.þý .GPUVTCý .þ-þý 4KPPQQ[ -CPý #þ*þ)þý 5JOQ[Uý &þ$þ ú©FUþ÷ü 6JG 6TCXGNNKPI

5CNGUOCP 2TQDNGOÿ # IWKFGF VQWT KP EQODKPCVQTKCN QRVKOK\CVKQPþ ,QJP 9KNG[ û 5QPUþ

úÿùôñ÷

øþ 4GKPGNVý )þü652.+$ ùñþ

JVVRüïïYYYþKYTþWPKõJGKFGNDGTIþFGïITQWRUïEQOQRVïUQHVYCTGï652.+$ùñ úÿùùñ÷
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