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*XR Pp2`pB2r T`Q+2bb Q7 QTiBKBx2/ T�`�K2i2`bX X X X X X X X X X X X X X X e8

*Xk Pp2`pB2r T`Q+2bb Q7 72�im`2 2M;BM22`BM; �M/ QTiBKBx2 ;`�/B2Mi

#QQbi i`22X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ee

 



*>�Sh1_ A

ALh_P.l*hAPL

EM22 Pbi2Q�`i?`BiBb UEP�V Bb � +QKKQM Kmb+mHQbF2H2i�H /BbQ`/2` �M/ i?2

+�mb2 Q7 /Bb�#BHBiv BM QH/2` �/mHib r?B+? ?2�pBHv �z2+ib � T�iB2MiǶb /�BHv HB72X h?2

;HQ#�H T`2p�H2M+2 Q7 EP� r�b 22W Q` �`QmM/ e89 KBHHBQMb BM BM/BpB/m�Hb �;2/ 9y

�M/ Qp2` BM kyky rQ`H/rB/2 U*mB 2i �HX- kykyVX LQr�/�vb- 17.57W Q7 h?�BH�M/Ƕb

TQTmH�iBQM Bb Qp2` ey v2�`b QH/- /BpB/2/ BMiQ 9.82W rQK2M �M/ 7.75W K2M U.2@

T�`iK2Mi Q7 PH/2` S2`bQMb- kykyV- �M/ BM i?2 7mim`2 i?2b2 T2`+2Mi�;2b K�v i`2M/

iQ BM+`2�b2X

�i i?2 T`2b2Mi iBK2- i?2 /B�;MQbBb Q7 FM22 Qbi2Q�`i?`BiBb Bb /QM2 #v b2p2`�H

K2i?Q/QHQ;B2b BX2X- T?vbB+�H 2t�KBM�iBQM- +HBMB+�H ?BbiQ`v- s@`�v �M/ J_A BK�;2

B7 M22/2/X 6Q` 2�bv 2biBK�i2 Q7 i?2 H2p2H Q7 FM22 Qbi2Q�`i?`BiBb- bQK2 `2b2�`+?2`b

?�p2 +`2�i2/ [m2biBQMM�B`2b iQ 2p�Hm�i2 Qbi2Q�`i?`BiBb- QM2 Q7 r?B+? Bb i?2 q2bi2`M

PMi�`BQ �M/ J+J�bi2` lMBp2`bBiB2b �`i?`BiBb AM/2t UqPJ�*V iQ 2p�Hm�i2 >BT

�M/ EM22 Pbi2Q�`i?`BiBbX qPJ�* Bb mbm�HHv mb2/ #2+�mb2 Bi Bb 2�bv iQ /Q �M

�bb2bbK2Mi �M/ MQi r�bi2 iBK2X

�i i?Bb iBK2- �`iB}+B�H AMi2HHB;2M+2 U�AV- J�+?BM2 G2�`MBM; UJGV �M/ .22T

G2�`MBM; U.GV �`2 TH�vBM; BM+`2�bBM; `QH2b BM K2/B+BM2 7Q` /B�;MQbBb Q` i`2�iK2Mi

TH�MbX 6Q` 2t�KTH2- EmQ@*?BM; um�M 2i �HX /2p2HQT2/ �A 7Q` 2�`Hv b2TbBb /B�;MQbBb

BM i?2 BMi2MbBp2 +�`2 mMBi- rBi? �M �++m`�+v Q7 82W Uum�M 2i �HX- kykyVX JQbi Q7

i?2 rQ`Fb Q7 JG �BK iQ T`2/B+i Q` +H�bbB7v T�iB2Mib Q` 2p�Hm�i2 T�iB2MiǶb /Bb2�b2-

2X;X �H2Fb2B hBmHTBM 2i �HX T`2/B+i2/ i?2 TQi2MiB�H M22/ 7Q` iQi�H FM22 `2TH�+2K2Mi

mbBM; :`�/B2Mi "QQbi J�+?BM2 U:"JV �M/ *QMpQHmiBQM�H L2m`�H L2irQ`F U*LLV-

 



k

rBi? �M �`2� mM/2` +m`p2 U�l*V �++m`�+v Q7 yXdN UyXd3@yX3RV UhBmHTBM 2i �HX- kyRNVX

:"J �M/ 72�im`2 2M;BM22`BM; �`2 i2+?MB[m2b i?�i i?2 /�i� b+B2MiBbib mbm�HHv mb2

iQ BKT`Qp2 2{+B2M+v Q7 � KQ/2HX

RXR _2b2�`+? Q#D2+iBp2

h?2 Tm`TQb2 Q7 i?Bb `2b2�`+? r�b iQ bim/v i?2 :`�/B2Mi "QQbi J�+?BM2 �M/

62�im`2 1M;BM22`BM; iQ +QMbi`m+i i?2 KQ/2H iQ T`2/B+i i?2 T�iB2MibǶ TQbiQT2`�iBp2

qPJ�* b+Q`2 �7i2` iQi�H FM22 `2TH�+2K2MiX

RXk a+QT2 �M/ HBKBi�iBQMb

h?2 h2+?MB[m2b 7Q` bQHpBM; i?2 `2;`2bbBQM T`Q#H2K BM i?Bb bim/v +QMbBbi Q7

i?2 :`�/B2Mi #QQbi J�+?BM2 �M/ 62�im`2b 1M;BM22`BM; mbBM; i?2 /�i� Q#i�BM2/

7`QK �bbiX S`Q7X GiX *QHX J.X"m`� aBM/?mT�FQ`M r?Q ?�b +QHH2+i2/ BM7Q`K�iBQM

Q7 T�iB2MiǶb TQbiQT2`�iBp2 FM22 `2TH�+2K2Mi 7Q` Rk v2�`bX

RXj _2b2�`+? T`Q+2/m`2

h?2 `2b2�`+? rQ`F T`Q+22/2/ �b 7QHHQrb,

RX aim/v 62�im`2b 1M;BM22`BM; i2+?B[m2b- M�K2Hv �miQK�iB+ 72�im`2 2M;BM22`@

BM;X

kX aim/v `2;`2bbBQM �H;Q`Bi?K BM /�i� KBMBM;- M�K2Hv /2+BbBQM i`22- `2;`2bbBQM

i`22- �M/ ;`�/B2Mi #QQbi i`22X

jX aim/v i?2 T`Q;`�K _�TB/ JBM2` aim/BQ o2`bBQM NXyX

9X lM/2`bi�M/ �M/ T`2T�`2 i?2 /�i� b2i Q7 T�iB2MibǶ TQbiQT2`�iBp2 FM22 `2TH�+2@

K2MiX

 



j

8X *QMbi`m+i i?2 KQ/2H 7Q` T`2/B+i iQ TQbiQT2`�iBp2 iQi�H FM22 `2TH�+2K2Mi

T�iB2MiǶb qPJ�* b+Q`2X

eX J2�bm`2 i?2 �++m`�+v Q7 i?2 T`2/B+iBM; KQ/2H #v mbBM; `QQi K2�M b[m�`2

2``Q`- K2�M �#bQHmi2 /2pB�iBQM- �M/ b[m�`2 2``Q`X

RX9 _2bmHib

Pm` Q#i�BM2/ KQ/2H +�M #2 mb2/ iQ T`2/B+i i?2 T�iB2MibǶ TQbiQT2`�iBp2

qPJ�* b+Q`2 �7i2` iQi�H FM22 `2TH�+2K2Mi 2{+B2MiHv �M/ rBi? ;QQ/ �++m`�+vX

 



*>�Sh1_ AA

GAh1_�hl_1 _1oA1q

AM i?Bb b2+iBQM- i?2 FMQrH2/;2 Q7 #�bB+ K�i?2K�iB+b �M/ K�+?BM2 H2�`MBM;

`2H�i2/ rBi? qPJ�* Bb T`2b2Mi2/X h?2 +QMi2Mib +QMbBbib Q7 i?2 K�BM B/2� Q7

;`�/B2Mi #QQbi K�+?BM2 �M/ �miQK�iB+ 72�im`2 2M;BM22`BM; r?B+? �`2 BKTQ`i�Mi BM

i?2b2 bim/B2bX

kXR Zm2biBQMM�B`2

LQr�/�vb- 7Q` +QK7Q`i�#H2 iQ 7QHHQr mT bvKTiQK �M/ /B�;MQb2 Qbi2Q�`i?`B@

iBb- i?2`2 2tBbib i?2 b+B2MiBbi /2p2HQT �M/ +`2�i2 i?2 [m2biBQMM�B`2 iQ 2p�Hm�i2

Qbi2Q�`i?`BiBb r?B+? ?�b b2p2`�H [m2biBQMM�B`2b bm+? �b q2bi2`M PMi�`BQ �M/ J+@

J�bi2` lMBp2`bBiB2b �`i?`BiBb AM/2t UqPJ�*V- EM22 BMDm`v �M/ Pbi2Q�`i?`BiBb

Pmi+QK2 a+Q`2 UEPPaV- AMi2`M�iBQM�H EM22 .Q+mK2Mi�iBQM *QKKBii22 UAE.*V-

�M/ Pt7Q`/ EM22 a+Q`2 UPEaVX

kXRXR qPJ�*

qPJ�* r�b /2p2HQT2/ BM RN3k- Bi Bb �p�BH�#H2 BM Qp2` e8 H�M;m�;2b �M/ ?�b

#22M HBM;mBbiB+�HHv p�HB/�i2/- �M/ Bb � b2H7@�/KBMBbi2`2/ [m2biBQMM�B`2 i?�i i�F2b

�TT`QtBK�i2Hv Rk KBMmi2b iQ +QKTH2i2 iQ 2p�Hm�i2 >BT �M/ EM22 Pbi2Q�`i?`BiBb

�M/ Bi ?�b #22M mb2/ 2ti2MbBp2Hv BM `2b2�`+? bim/B2bX h?2 qPJ�* +QMbBbiBM;

Q7 k9 Bi2Kb /BpB/2/ BMiQ i?`22 bm#b2+iBQMb r?B+? �`2 S�BM U8 Bi2KbV- aiBzM2bb Uk

Bi2KbV- �M/ S?vbB+�H 6mM+iBQM URd Bi2KbV- r?B+? }HH Qmi i?2 7Q`K /m`BM; 93 ?Qm`b

r?2`2 i?2 iQi�H qPJ�* b+Q`2 Bb #2ir22M 0 iQ 96 bm+? i?�i y #2BM; i?2 #2bi �M/

 



8

Ne #2BM; i?2 rQ`biX

kXRXk EPPa

EPPa r�b /2p2HQT2/ BM i?2 RNNyb �M/ mb2/ BM i?2 T�iB2Mi #2ir22M Rj iQ dN

v2�`b QH/- r?B+? i?2 +QMbBbib }p2 bm#b+�H2b bm+? �b T�BM- Qi?2` avKTiQKb- 6mM+iBQM

BM /�BHv HBpBM;- 6mM+iBQM BM bTQ`i �M/ `2+`2�iBQM- �M/ FM22@`2H�i2/ Zm�HBiv Q7 HB72

r?B+? i?2 b+Q`2 Bb � T2`+2Mi�;2 b+Q`2 7`QK y iQ Ryy- y �M/ Ryy `2T`2b2Mib 2ti`2K2

�M/ MQ T`Q#H2Kb- `2bT2+iBp2HvX

kXRXj AE.*

AE.* r�b /2p2HQT2/ BM RN3d �M/ b2T�`�#H2 BMiQ j +�i2;Q`B2b bm+? �b bvKT@

iQKb- bTQ`ib �+iBpBiv- �M/ FM22 7mM+iBQMX h?2 b+Q`2 Bb Q#i�BM2/ #v bmKK�iBQM Q7

2�+? +�i2;Q`v r?B+? ?�b � `�M;2 #2ir22M y@RyyX h?2`2 2tBbi � KQ/B}2/ p2`bBQM Q7

i?2 AE.* Bb h?2 S2/B�i`B+ AMi2`M�iBQM�H EM22 .Q+mK2Mi�iBQM *QKKBii22 US2/B@

AE.*V i?�i r�b /2p2HQT2/ 7Q` mb2 rBi? +?BH/`2M �M/ �/QH2b+2Mib #2ir22M i?2 �;2b

Q7 Ry �M/ R3 v2�`b QH/X

kXRX9 PEa

PEa r�b /2p2HQT2/ BM RNN3 �M/ mb2/ iQ K2�bm`2 T�BM �M/ 7mM+iBQM �7i2`

iQi�H FM22 `2TH�+2K2Mi 7Q` mb2 rBi? BM/BpB/m�Hb mM/2`;QBM; iQi�H FM22 `2TH�+2K2Mi

bm`;2`v- ?Qr2p2`- #mi Bi +�M #2 mb2/ iQ K2�bm`2 Qmi+QK2b BM T?�`K�+QHQ;B+�H

i`2�iK2Mib- �7i2` bm`;2`vX h?2 [m2biBQMM�B`2 +QMbBbib Q7 Rk [m2biBQMb �#Qmi i?2

�+iBpBiB2b Q7 /�BHv HBpBM; r?B+? ?�p2 #22M �z2+i2/ #v T�BM 7Q` 9 r22Fb #27Q`2 /QBM;

i?2 [m2biBQMM�B`2X

 



e

kXk J�+?BM2 H2�`MBM;

J�+?BM2 H2�`MBM; UJGV Bb i?2 T`Q+2bb #v r?B+? � +QKTmi2` T`Q;`�K �/Dmbib

T�`�K2i2`b rBi?BM i?2 T`Q;`�K 7`QK �+im�H /�i�- rBi? i?2 �BK iQ /2i2+i `2H�iBQMb

rBi?BM i?2 /�i�- bQ i?�iX A7 i?2`2 Bb M2r- MQi T`2pBQmbHv b22M BMTmi BMiQ i?2

+QKTmi2`- i?2M i?2 bvbi2K +QKTmi2` +�M T`2/B+i i?2 QmiTmiX LQr�/�vb- JG

Bb mb2/ BM b2p2`�H }2H/b bm+? �b K2/B+BM2- K�`F2iBM;- bTQ`i �M/ BM/mbi`vX JG Bb

b2T�`�i2/ BMiQ j +�i2;Q`B2b r?B+? �`2 amT2`pBb2/ G2�`MBM;- lMbmT2`pBb2/ G2�`MBM;

�M/ _2BM7Q`+2K2MiX

amT2`pBb2/ G2�`MBM; Bb i?2 KQbi +QKKQM K2i?Q/ mb2/ BM K�+?BM2 H2�`MBM;

r?2`2 i?2 /2T2M/2/ Q` T`2/B+i2/ p�`B�#H2b UH�#2HV /2T2M/ QM i?2 /�i�X amT2`pBb2/

H2�`MBM; +�M bQHp2 `2;`2bbBQM �M/ +H�bbB}+�iBQM T`Q#H2KbX

kXkXR *H�bbB}+�iBQM T`Q#H2K

h?2 +H�bbB}+�iBQM T`Q#H2K Bb i?2 bim/v `2H�iBQMb #2ir22M BM/2T2M/2Mi �M/

/2T2M/2Mi p�`B�#H2b r?2`2 i?2 /2T2M/2Mi p�`B�#H2 Bb +�i2;Q`B+�H- 7Q` 2t�KTH2- iQ

T`2/B+i r?2i?2` i?2 r2�i?2` Bb `�BMv- bmMMv- Q` +HQm/vX *H�bbB}+�iBQM KQ/2Hb BM@

+Hm/2 HQ;BbiB+ `2;`2bbBQM- `�M/QK 7Q`2bi- /2+BbBQM i`22- ;`�/B2Mi #QQbi i`22- �M/

L�Bp2 "�v2bX

kXkXk _2;`2bbBQM T`Q#H2K

h?2 `2;`2bbBQM T`Q#H2K Bb i?2 bim/v Q7 `2H�iBQMb #2ir22M BM/2T2M/2Mi �M/

/2T2M/2Mi p�`B�#H2b r?2`2 i?2 /2T2M/2Mi p�`B�#H2 i�F2b /Bb+`2i2 Q` +QMiBMmQmb

p�Hm2b- 7Q` 2t�KTH2- iQ T`2/B+i i?2 MmK#2` Q7 bim/2Mib r?Q bim/v BM i?2 a+?QQH

Q7 J�i?2K�iB+b BM kykkX h?2 `2;`2bbBQM T`Q#H2K +�M #2 bQHp2/ #v b2p2`�H K2i?@

Q/b 2X;X HBM2�` `2;`2bbBQM KQ/2H- ;`�/B2Mi #QQbi i`22 U:"hV- Q` /2+BbBQM i`22 iQ

 



d

�TT`QtBK�i2 i?2 /2T2M/2Mi p�Hm2X

kXj :2M2`�HBx2/ HBM2�` KQ/2H

� ;2M2`�HBx2/ HBM2�` KQ/2H U:GJV Bb � bi�iBbiB+�H KQ/2HBM; i2+?MB[m2 7Q`@

KmH�i2/ #v CQ?M L2H/2` �M/ _Q#2`i q2//2`#m`M BM RNdkX h?2 KQ/2H +�M #mBH/ �

HBM2�` `2H�iBQMb?BT #2ir22M i?2 BM/2T2M/2Mi �M/ /2T2M/2Mi p�`B�#H2b- 2p2M i?Qm;?

i?2 mM/2`HvBM; /�i� `2H�iBQMb?BT Bb MQi HBM2�`X h?2 KQ/2H Bb TQTmH�` 7Q` �M�HvxBM;

Q7 /�i� bBM+2 i?Bb KQ/2H +�M 2tTH�BM i?2 BM~m2M+2 Q7 BM/2T2M/2Mi p�`B�#H2b iQ �

/2T2M/2Mi p�`B�#H2X h?2 KQ/2H +QMbBbib Q7 j +QKTQM2Mib, `�M/QK +QKTQM2Mi- bvb@

i2K�iB+ +QKTQM2Mi- �M/ HBMF 7mM+iBQMX h?2 bQHp2` Q7 i?2 ;2M2`�HBx2/ HBM2�` KQ/2H

Bb mb2/ iQ bQHp2 � +2`i�BM QTiBKBx�iBQM T`Q#H2K rBi? �M Q#D2+iBp2 7mM+iBQM i?�i ?�b

b2p2`�H K2i?Q/b 7Q` mbBM; bm+? �b Ai2`�iBp2Hv `2r2B;?i2/ H2�bi b[m�`2b UA_GaJV-

GBKBi2/@K2KQ`v "6:a UG"6:aV- Q` *QQ`/BM�i2 /2b+2MiX

kX9 .22T H2�`MBM;

.22T H2�`MBM; Bb � bm#@}2H/ Q7 K�+?BM2 H2�`MBM; r?2`2 i?2 �H;Q`Bi?Kb �`2

BMbTB`2/ #v i?2 +QMbi`m+iBQM Q7 M2m`QMb BM ?mK�Mb +�HH2/ �`iB}+B�H M2m`�H M2irQ`FX

h?2 +QKTQM2Mib Q7 �M �`iB}+B�H M2m`�H M2irQ`F +QMbBbi Q7 MQ/2b U�HbQ +�HH2/ M2m@

`QMbV- r2B;?ib #2ir22M MQ/2b- H�v2`b �M/ �+iBp�iBQM 7mM+iBQMbX h?2 QmiTmi Q7 �M

�`iB}+B�H M2m`�H M2irQ`F Bb /2}M2/ #v i?2 �+iBp�iBQM 7mM+iBQM r?B+? +�M Q7i2M #2

+�i2;Q`Bx2/ �b #BM�`v 7mM+iBQM- HBM2�` �+iBp�iBQM 7mM+iBQM �M/ MQM@HBM2�` �+iBp�iBQM

7mM+iBQMX
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kX8 .2+BbBQM i`22

.2+BbBQM i`22 Bb i?2 KQbi TQTmH�` K2i?Q/ 7Q` bmT2`pBb2/ H2�`MBM; 7Q` bQHpBM;

`2;`2bbBQM �M/ +H�bbB}+�iBQM T`Q#H2KbX aBM+2 � /2+BbBQM i`22 +�M ?�M/H2 MQBbv /�i�

�M/ K�Mv BM/2T2M/2Mi p�`B�#H2b �M/ r?B+? mb2b A7@1Hb2 `mH2- � /2+BbBQM i`22 Bb 2�bv

iQ BMi2`T`2iX

6B;m`2 kXR 1t�KTH2 Q7 .2+BbBQM h`22 KQ/2HX

6B;m`2 kXR b?Qrb �M 2t�KTH2 Q7 � /2+BbBQM i`22 �M/ b?Qrb i?2 +QKTQM2Mib

Q7 � /2+BbBQM i`22 bm+? i?�i 2�+? MQ/2 +QMi�BMb � /�i� �ii`B#mi2X h?2 iQT MQ/2 Bb

+�HH2/ i?2 `QQi MQ/2 �M/ 2�+? #`�M+? `2T`2b2Mib i?2 Qmi+QK2 Q7 i?2 MQ/2X � H�bi

MQ/2 Bb +�HH2/ H2�7 MQ/2 �M/ i?2 MQ/2b #2ir22M i?2 `QQi MQ/2 �M/ � H2�7 MQ/2 �`2

+�HH2/ /2+BbBQM MQ/2bX h?2 QmiTmi Q7 i?2 KQ/2H Bb /2}M2/ BM i?2 7Q`K Q7 � H2�7

MQ/2X

kX8XR _2;`2bbBQM i`22

_2;`2bbBQM h`22 Bb QM2 ivT2 Q7 /2+BbBQM i`22 /2p2HQT2/ iQ 2biBK�i2 � +QMiBM@

mQmb i�`;2i p�`B�#H2X h?2 �BK 7Q` `2;`2bbBQM T`Q#H2Kb Bb i?2 T`2/B+iBQM Q7 � bBM;H2

QmiTmi r?B+? i�F2b +QMiBMmQmb Q` /Bb+`2i2 p�Hm2b #v QM2 KQ`2 BMTmi p�`B�#H2bX

h?2 QmiTmi �M/ BMTmi p�`B�#H2b �`2 FMQrM �b `2bTQM/ �M/ T`2/B+iQ` p�`B�#H2b-

`2bT2+iBp2HvX

 



N

6B;m`2 kXk 1t�KTH2 Q7 _2;`2bbBQM h`22 KQ/2HX

G2i y1, y2, . . . , yn #2 `2bTQMb2 p�`B�#H2b /2T2M/BM; QM X1, X2, . . . , Xn i?�i

�`2 T`2/B+iQ` p�`B�#H2b �M/ BKTHB2/ i?�i /BpB/2/ T`2/B+iQ` bT�+2 Bb i?2 b2i Q7

TQbbB#H2 p�Hm2 7Q` X1, X2, . . . , Xp BMiQ J−/Bbi`B+ib �M/ MQM@Qp2`H�TTBM; `2;BQMb-

R1, R2, . . . , RJ , 2p2`v Q#b2`p�iBQM �i i?�i Ri- Bi K�F2 i?2 b�K2 `2bTQMb2 r?B+? BK@

THB2/ i?2 K2�M Q7 Q#b2`p2/ BM `2bTQMb2 p�Hm2 7Q` i`�BMBM; Q#b2`p�iBQM BM RiX h?2

;Q�H Bb iQ }M/ #Qt2b R1, . . . , RJ i?�i KBMBKBx2 i?2 _2bB/m�H amK Q7 a[m�`2b U_aaV-

;Bp2M #v

RSS =
J∑

j=1

∑

i∈Rj

(yi − ŷRj)
2, UkXRV

r?2M yi Bb � T�`iB+mH�` i2biBM; Q#b2`p�iBQM �M/ ŷRj Bb i?2 `2bTQMb2 K2�M Q7 i`�BMBM;

Q#b2`p�iBQMb rBi?BM i?2 j− th #QtX AM #BM�`v bTHBiiBM;- }`bi r2 b2H2+i i?2 T`2/B+iQ`

Xj �M/ +miTQBMi s r?B+? bTHBib i?2 T`2/B+iQ` bT�+2 BMiQ i?2 `2;BQMb {X|Xj < s}

�M/ {X|Xj ≥ s} U{X|Xj < s} K2�Mb i?2 `2;BQM Q7 T`2/B+iQ` bT�+2 BM r?B+? Xj

i�F2b QM � p�Hm2 H2bb i?�M sVX q2 +QMbB/2` �HH T`2/B+iQ`b �M/ �HH p�Hm2b Q7 +miTQBMi

r?2`2 i?2 `2bmHiBM; i`22 ?�b i?2 HQr2bi _aaX q2 /2}M2

R1(j, s) = {X|Xj < s} �M/ R2(j, s) = {X|Xj ≥ s}-

r2 }M/ i?2 p�Hm2 Q7 j �M/ s #v KBMBKBxBM; i?2 2[m�iBQM

∑

i:xi∈R1(j,s)

(yi − ŷR1)
2 +

∑

i:xi∈R2(j,s)

(yi − ŷR2)
2, UkXkV

 



Ry

r?2`2 ŷR1 �M/ ŷR2 �`2 i?2 K2�Mb Q7 `2bTQMb2 7Q` i?2 i`�BMBM; Q#b2`p�iBQM BM R1(j, s)

�M/ R2(j, s)- `2bT2+iBp2Hv U:�`2i? 2i �H- kyRdVX

kXe :`�/B2Mi #QQbi K�+?BM2

:`�/B2Mi "QQbi J�+?BM2 U:"JV Bb QM2 Q7 i?2 i2+?MB[m2b Q7 K�+?BM2 H2�`M@

BM; 7Q` +H�bbB}+�iBQM �M/ `2;`2bbBQM r?2`2 #v i?2 KQ/2H Bb �M 2Mb2K#H2 Q7 b2p2`�H

`2;`2bbBQM Q` +H�bbB}+�iBQM i`22 KQ/2HbX h?2 KQ/2Hb �`2 #mBHi b2[m2MiB�HHv �M/ i?2

2``Q` Q7 i?2 T`2pBQmb i`22 KQ/2H /2i2`KBM2b i?2 M2ti i`22 KQ/2HX h?2 �H;Q`Bi?K

Q7 :"J UL�i2FBM �M/ EMQHH- kyRjc CQb? ai�`K2`- kyRNV Bb

�H;Q`Bi?K R 6`B2/K�MǶb :`�/B2Mi "QQbi �H;Q`Bi?KX
AMTmi,

R, .�i� BMTmi (x1, y1), (x2, y2), . . . , (xn, yn).

k, LmK#2` Q7 Bi2`�iBQMb M.

j, .Bz2`2MiB�#H2 GQbb 7mM+iBQM L(yi, F (x))

ai2T R, AMBiB�HBx2 KQ/2H rBi? � +QMbi�Mi p�Hm2, F0(x) = �`; KBMγ =
∑n

i=1 L(yi, γ)

ai2T k, 7Q` m = 1 iQ M ,

9, *QKTmi2 rim = −[∂L(yi,F (xi))
∂F (xi)

]F (x)=Fm−1(x) r?2`2 F (xi) Bb � T`2/B+i2/ p�`B�#H2X

8, 6Bi � `2;`2bbBQM i`22 iQ i?2 rim p�Hm2b �M/ +`2�i2 i2`KBM�H `2;BQMb Rj,m 7Q`

j = 1, 2, . . . , Jm

e, 7Q` j = 1, 2, . . . , Jm +QKTmi2 γj,m = �`; KBMγ

∑
xi∈Ri,j

L(yi, Fm−1(xi) + γ)

d, lT/�i2 Fm(x) = Fm−1 + υ
∑Jm

j=1 γmI(x ∈ Rj,m) r?2`2 υ �M/ I �`2 H2�`MBM;

`�i2 �M/ BM/B+�iQ` 7mM+iBQM- `2bT2+iBp2HvX

ai2T j, PmiTmi Fm(x)

 



RR

6B;m`2 kXj h?2 +QKTQM2Mi Q7 :`�/B2Mi "QQbi J�+?BM2X

kXd amTTQ`i p2+iQ` K�+?BM2

amTTQ`i o2+iQ` J�+?BM2 UaoJV Bb � bmT2`pBb2/ H2�`MBM; KQ/2H 7Q` bQHp@

BM; +H�bbB}+�iBQM �M/ `2;`2bbBQM T`Q#H2KbX amTTQ`i p2+iQ` K�+?BM2b �`2 bmBi�#H2

KQ/2Hb 7Q` K2/BmK bBx2 Q7 /�i� rBi? K�Mv �ii`B#mi2bX hQ 2tTH�BM aoJ- i?2 bBK@

TH2bi +�b2 Q7 � k +H�bb T`Q#H2K r?2`2 i?2 irQ +H�bb2b �`2 HBM2�`Hv b2T�`�#H2 Bb

T`2b2Mi2/X G2i i?2 /�i� b2i D #2 ;Bp2M (x1, y1), (x2, y2), . . . , (xl, yl) r?2`2 xi ∈ Rn

7Q` i = 1, 2, . . . , l Bb i?2 p2+iQ` Q7 �ii`B#mi2 Q7 i`�BMBM; /�i� b2i rBi? H�#2H yi 7Q`

i = 1, 2, . . . , l bm+? i?�i yi +�M i�F2 QM2 Q7 irQ p�Hm2b- 2Bi?2` −1 Q` 1X

 



Rk

6B;m`2 kX9 h?2 J�`;BM Q7 ?vT2`TH�M2X

h?2 B/2�H �H;Q`Bi?K Q7 � bmTTQ`i p2+iQ` K�+?BM2 Bb iQ }M/ i?2 K�tBKmK

K�`;BM ?vT2`TH�M2 �b b?QrM BM 6B;m`2 kX9X h?2 T`Q#H2K Q7 QTiBK�H +H�bbB}+�iBQM

?vT2`TH�M2 Bb i`�Mb7Q`K2/ BMiQ 7QHHQrBM; QTiBKBx�iBQM T`Q#H2K #v

KBM
w,b,ξ

1

2
||w||2 + C

l∑

i=1

ξi, UkXjV

yi(w · x+ b)− 1 + ξi ≥ 0, UkX9V

ξi ≥ 0, i = 1, 2, . . . , l, UkX8V

r?2`2 w ∈ Rn, b ∈ RX AM i?Bb KQ/2H i?2 /�i� M22/ MQi #2 iQi�HHv HBM2�`Hv b2T�`�#H2-

C Bb i?2 T2M�Hiv T�`�K2i2` bm+? i?�i C > 0 �M/ +QMi`QHb i?2 /2;`22 Q7 T2M�Hiv 7Q`

KBb+H�bbB}+�iBQM b�KTH2bX

6B;m`2 kX8 h?2 T2M�Hiv T�`�K2i2`X

 



Rj

h?2 +Q``2bTQM/BM; G�;`�M;B�M 7mM+iBQM Bb

L(w, b, ξ,α) =
1

2
||w||2 + C

l∑

i=1

ξi −
l∑

i=1

αi(yi(w · xi + b)− 1 + ξi)−
l∑

i=1

βiξi, UkXeV

r?2`2 αi, βi �`2 G�;`�M;B�M KmHiBTHB2`b bm+? i?�i αi, βi > 0 �M/ (·) /2MQi2b i?2

BMM2` T`Q/m+iX q2 Q#i�BM i?2 /m�H T`Q#H2K

KBM 1

2

l∑

i=1

l∑

j=1

αiαjyiyj(xi · xj)−
l∑

i=j

αj, UkXdV

s.t.
l∑

i=1

yiαi = 0, UkX3V

0 ≤ αi ≤ C, i = 1, 2, . . . , l. UkXNV

kXdXR E2`M2H

h?2 F2`M2H K2i?Q/ Bb � i2+?MB[m2 mb2/ iQ /2�H rBi? HBM2�`Hv BMb2T�`�#H2

/�i� Q` MQM@HBM2�` /�i� b2iX h?Bb K2i?Q/ K�Mb i?2 /�i� BMiQ � ?B;?2` /BK2MbBQM

bT�+2 r?2`2 Bi +�M #2 +H�bbB}2` #v aoJX h?2 E2`M2H K2i?Q/ Bb p2`v TQr2`7mH �M/

i?2 /2}MBiBQM Q7 i?2 F2`M2H Bb �b 7QHHQrbX

.2}MBiBQM kXRX � 7mM+iBQM K(x, x′) /2}M2/ QM Rn × Rn Bb +�HH2/ � F2`M2H QM

Rn × Rn Q` F2`M2H #`B2~v B7 i?2`2 2tBbib � K�T φ 7`QK i?2 bT�+2 Rn bQK2 i?2

>BH#2`i bT�+2

φ : Rn → H,

x '→ φ(x),

bm+? i?�i

K(x, x′) = (φ(x) · φ(x′)), UkXRyV

r?2`2 (·) /2MQi2b i?2 BMM2` T`Q/m+i Q7 bT�+2 HX

a2p2`�H ivT2b Q7 F2`M2H �`2 ivTB+�HHv mb2/- 7Q` 2t�KTH2,

 



R9

GBM2�` F2`M2H

h?2 HBM2�` Q` /Qi F2`M2Hb �`2 i?2 bBKTH2bi F2`M2H 7mM+iBQMX Ai Bb ;Bp2M #v i?2

BMM2` T`Q/m+i #2ir22M x �M/ x′ �M/ i?2M THmb �M QTiBQM�H +QMbi�Mi c- i?2 7mM+iBQM

Bb,

K(x, x′) = xTx′ + c. UkXRRV

SQHvMQKB�H F2`M2H

� TQTmH�` F2`M2H mb2/ BM aoJ Bb � TQHvMQKB�H F2`M2Hc i?Bb K2i?Q/ bBKTHv

+�H+mH�i2b i?2 /Qi T`Q/m+i Q7 i?2 /�i� BMTmiX h?2 7Q`K Q7 � TQHvMQKB�H F2`M2H Bb,

K(x, x′) = ((x · x′) + 1)d, UkXRkV

r?2`2 d Bb � TQbBiBp2 BMi2;2`X

:�mbbB�M `�/B�H #�bBb 7mM+iBQM F2`M2H

:�mbbB�M `�/B�H #�bBb 7mM+iBQM F2`M2H Q7 `�/B�H #�bBb 7mM+iBQM Bb �MQi?2`

F2`M2H TQTmH�`Hv mb2/ BM aoJ r?B+? i?2 7QHHQrBM; 7Q`K�i

K(x, x′) = 2tT
(
−γ||x− x′||2

)
, UkXRjV

r?2`2 γ > 0 Bb � T�`�K2i2` Q7 `�/B�H #�bBb 7mM+iBQMX

�MQp�

�M �MQp� F2`M2H Bb � F2`M2H 7mM+iBQM r?B+? 7mM+iBQM Bb bBKBH�`Hv :�mbbB�M

F2`M2H- i?2 2[m�iBQM ?�b � 7Q`KmH� �b 7QHHQrBM;,

K(x, x′) =
n∑

k=1

2tT(−γ(xk − x′k)2)d. UkXR9V
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1T�+?M2MBFQp

�M 2T�M2+?MBFQp F2`M2H Bb �MQi?2` ivT2 Q7 F2`M2H �7Q`2K2MiBQM2/ #27Q`2- Bi

Bb � F2`M2H /2MbBiv 2biBK�iBQM �M/ mb2/ iQ 2biBK�i2 i?2 T`Q#�#BHBiv /2MbBiv 7mM+iBQM

Q7 � `�M/QK p�`B�#H2 r?B+? i?2 7mM+iBQM Bb 3
4(1− u2) 7Q` |u| ≤ 1 �M/ i?2 7mM+iBQM

Bb 2[m�H iQ x2`Q r?2`2 u QmibB/2 i?�i `�M;2X

kX3 62�im`2b 2M;BM22`BM;

62�im`2 2M;BM22`BM; U61V Bb � K2i?Q/QHQ;v iQ �/Dmbi �M/ i`�Mb7Q`K �i@

i`B#mi2b iQ #2 bmBi�#H2 rBi? K�+?BM2 H2�`MBM;X h?Bb i2+?MB[m2 Bb �M BKTQ`i�Mi

TQBMi Q7 K�+?BM2 H2�`MBM; #2+�mb2 QMHv i?Qb2 �ii`B#mi2b �`2 mb2/ i?�i 2ti`2K2Hv

�z2+i � KQ/2H- i?mb `2/m+BM; i?2 iBK2 iQ #mBH/ �M/ 2t2+mi2 i?2 KQ/2H Uw?2M; �M/

*�b�`B- kyR3VX

kX3XR 62�im`2 b2H2+iBQM

62�im`2 b2H2+iBQM Bb � i2+?MB[m2 iQ /2+`2�b2 i?2 MmK#2` Q7 �ii`B#mi2b �M/

b2H2+i �ii`B#mi2b i?�i KQbi BM~m2M+2 i?2 /2T2M/2Mi p�`B�#H2bX h?Bb i2+?MB[m2 Bb

BKTQ`i�Mi #2+�mb2 i?2 [m�MiBiv Q7 �ii`B#mi2b �z2+ib i?2 2{+B2M+v Q7 i?2 KQ/2HX

1t�KTH2 Q7 72�im`2 b2H2+iBQM K2i?Q/ �`2 i?2 }Hi2` K2i?Q/- r`�TT2` K2i?Q/ �M/

2K#2//2/ K2i?Q/X

kX3Xk 62�im`2 2ti`�+iBQM

h?Bb i2+?MB[m2 Bb mb2/ iQ `2/m+2 i?2 [m�MiBiv Q7 �ii`B#mi2b #v ;2M2`�iBM;

M2r �ii`B#mi2b i?�i �`2 KQ`2 bB;MB}+�Mi i?�M i?2 �ii`B#mi2b BM /�i�X h?Bb i2+?MB[m2

Bb mb27mH r?2M i?2 /�i� ?�b K�Mv �ii`B#mi2b �M/ QM2 M22/b iQ `2/m+2 i?2 [m�MiBiv Q7

�ii`B#mi2b rBi?Qmi HQbBM; BKTQ`i�Mi �ii`B#mi2bX h?2 KQbi mb27mH 72�im`2 2ti`�+iBQM

 



Re

Bb S`BM+BT�H *QKTQM2Mi �M�HvbBb US*�V- AM/2T2M/2Mi *QKTQM2Mi �M�HvbBb UA*�V

�M/ GBM2�` .Bb+`BKBM�Mi �M�HvbBb UG.�VX

kX3Xj �miQK�iB+ 72�im`2 2M;BM22`BM;

�miQK�iB+ 72�im`2 2M;BM22`BM; U�61V QTiBKBx2b i?2 T`Q+2bb Q7 #mBH/BM; �

KQ/2H- BM+`2�b2b �++m`�+v �M/ `2/m+2b +QKTH2tBiv Q7 i?2 KQ/2HX h?2 #�bB+ �H;Q@

`Bi?K #2?BM/ i?2 �miQK�i2/ 72�im`2 2M;BM22`BM; K2i?Q/ Bb +�HH2/ .22T 62�im`2

avMi?2bBb U.6aVX

.6a r�b BMp2Mi2/ #v C�K2b J�t E�Mi2` �M/ E�Hv�M o22`�K�+?�M2MB

r?B+? �`2 `2b2�`+?2`b �i J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v BM kyR9X h?2 B/2�H

Q7 �61 Bb iQ b2H2+i �M/ ;2M2`�i2 M2r �ii`B#mi2b r?B+? �`2 KQ`2 2z2+iBp2 7Q` �

KQ/2H i?�M i?2 KQ/2H #mBH/ #v `�r �ii`B#mi2bX h?2 M2r �ii`B#mi2b �`2 ;2M2`�i2/

#v K�i?2K�iB+�H QT2`�iBQMb 7`QK i?2 `�r �ii`B#mi2b UE�Mi2` �M/ o22`�K�+?�M2MB-

kyR8VX

kXN E@7QH/ +`Qbb p�HB/�iBQM

h?2 /�i� b2i D Bb /BpB/2/ BMiQ k T�`iBiBQMb UQ` 7QH/V i?2M k − 1 T�`iBiBQMb

�`2 mb2/ 7Q` i`�BMBM; �M/ kth Bb mb2/ 7Q` i2biBM;- i?Bb Bb `2T2�i2/ k iBK2b- rBi? 2�+?

T�`iBiBQM mb2/ 7Q` i2biBM; QMHv QM+2X

 



Rd

6B;m`2 kXe F@7QH/ *`Qbb o�HB/�iBQM K2i?Q/X

kXRy S2`7Q`K�M+2 2p�Hm�iBQM

AM i?Bb bim/v- bQHpBM; `2;`2bbBQM T`Q#H2K- H2i

ei = Yi − Ŷi, i = 1, . . . , n, UkXR8V

r?2`2 Yi Bb �M Q#b2`p2/ p�Hm2- Ŷi Bb � T`2/B+i2/ p�Hm2 �M/ n Bb � MmK#2` Q7 /�i�X AM

i?Bb i?2bBb bim/B2b BM `2;`2bbBQM T`Q#H2K- i?mb r2 +QMbB/2`�i2 i?`22 K2�bm`2K2Mi

bm+? �b `QQi K2�M b[m�`2 2``Q`- K2�M �#bQHmi2 /2pB�iBQM- �M/ b[m�`2 2``Q`- �M/ 7Q`

+H�bbB}+�iBQM T`Q#H2K mbm�HHv mb2 �`2� mM/2` +m`p2 U�l*V �M/ �p2`�;2 T`2+BbBQM

U�SV 7Q` K2�bm`2K2Mi i?2 T2`7Q`K�M+2 Q7 KQ/2HX

kXRyXR _QQi K2�M b[m�`2 2``Q`

_QQi K2�M b[m�`2 2``Q` U_Ja1V Bb i?2 b[m�`2 `QQi Q7 bmKK�iBQM Q7 b[m�`2

2``Q` /BpB/2/ #v MmK#2` Q7 /�i�

RMSE =

√∑n
i=1 e

2
i

n
. UkXReV
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kXRyXk J2�M �#bQHmi2 /2pB�iBQM

J2�M �#bQHmi2 /2pB�iBQM UJ�.V Bb bmKK�iBQM Q7 �#bQHmi2 2``Q` /BpB/2 #v

MmK#2` Q7 /�i�

MAD =

∑n
i=1 |ei|
n

. UkXRdV

kXRyXj a[m�`2 2``Q`

a[m�`2 2``Q` Ua1V Bb bmKK�iBQM Q7 b[m�`2 2``Q`

SE =
n∑

i=1

e2i . UkXR3V

kXRyX9 *QM7mbBQM K�i`Bt

h?2 +QM7mbBQM K�i`Bt Bb mb2/ iQ K2�bm`2K2Mi i?2 T2`7Q`K�M+2 Q7 +H�bbB}+�@

iBQM T`Q#H2K-i?2 +QM7mbBQM K�i`Bt 7Q` #BM�`v +H�bbB}2` ?�b i?2 7Q`K�i �b 7QHHQrBM;

6B;m`2 kXd *QM7mbBQM K�i`BtX

r?2`2 hS Bb i?2 +�b2 T`2/B+i2/ v2b �M/ �+im�H p�Hm2 r�b v2b- hL Bb i?2 +�b2

T`2/B+i2/ MQ �M/ �+im�H p�Hm2 r�b MQ- 6S Bb i?2 +�b2 Q7 T`2/B+i2/ v2b �M/ �+im�H

p�Hm2b r�b MQ �M/ 6L Bb i?2 +�b2 Q7 T`2/B+i2/ MQ �M/ �+im�H p�Hm2 r�b v2bX S`2+BbBQM

�M/ `2+�HH +�M #2 +�H+mH�i2 �b,

Precision =
TP

TP + FP
, UkXRNV

Recall =
TP

TP + FN
. UkXkyV

 



RN

�p2`�;2 T`2+BbBQM Bb � K2�bm`2 i?�i bmKK�iBQM Q7 `2+�HH �M/ T`2+BbBQM 7Q` �+?B2p2/

�i 2�+? i?`2b?QH/- rBi? i?2 BM+`2�b2 BM `2+�HH 7`QK i?2 T`2pBQmb i?`2b?QH/ mb2/ �b

i?2 r2B;?i,

AP =
∑

n

(Rn −Rn−1)Pn, UkXkRV

r?2`2 Rn �M/ Pn �`2 `2+�HH �M/ T`2+BbBQM �i nth i?`2b?QH/- `2bT2+iBp2HvX

kXRyX8 �`2� mM/2` +m`p2

h?2 �`2� mM/2` � `2+2Bp2` QT2`�iBM; +?�`�+i2`BbiB+ U_P*V +m`p2- �##`2pB@

�i2/ �b �l* Bb QM2 Q7 i?2 iQQHb iQ K2�bm`2b i?2 T2`7Q`K�M+2 Q7 � #BM�`v +H�bbB}2`-

bm+? i?�i i?2 p�Hm2 Q7 �l* Bb rBi?BM yX8 iQ R r?2`2 i?2 KBMBKmK �M/ K�tBKmK

p�Hm2 `2T`2b2Mib i?2 T2`7Q`K�M+2 Q7 +H�bbB}2` �b rQ`bi �M/ T2`72+iBQM +H�bbB}2`-

`2bT2+iBp2HvX

kXRR _2H�i2/ `2b2�`+?2b
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�p2`�;2 T`2+BbBQM U�SV Q7 yXe3 UyXee@yXdyVX
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i2Q�`i?`BiBb 2�`Hv bi2T Q7 /Bb2�b2- +QHH2+i 7�+iQ`b 7`QK Qi?2` `2b2�`+?2` 7Q` FM22
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h?2 /�i� ?�b Rk8y BMbi�M+2b �M/ kR �ii`B#mi2bX AM i?Bb `2b2�`+?- r2 2ti`�+i2/ Rk

�ii`B#mi2b �M/ i?2 /2T2M/2Mi p�`B�#H2 Bb i?2 qPJ�* b+Q`2 �7i2` bm`;2`vX

h?2 �ii`B#mi2b r�b mb2/ BM i?Bb `2b2�`+? �b 7QHHQrBM;
RX a2t-
kX �;2-
jX "Q/v K�bb BM/2t Uǳ"JAǴV-
9X 6H2tB#BHBiv Q7 i?2 FM22 �7i2` QT2`�iBQM Uǳ_PJ �7i2` asǴV-
8X S�BM r?2M HvBM; rBi? i?2 #�+F /QrM QM i?2 #2/ UǳGvBM; QM #2/ǴV-
eX S�BM r?2M bBiiBM; QM +?�B` UǳaBiiBM; QM +?�B`ǴV-
dX LmK#2` Q7 i?2 KQMi? iQ r�HF rBi?Qmi � ;�Bi �B/ Uǳq�HFBM; rBi?Qmi ;�Bi

�B/ǴV-
3X S�BM r?2M r�HFBM; QM ~�i bm`7�+2 Uǳq�HFBM; QM ~�i bm`7�+2ǴV-
NX J22iBM; T�iB2MiǶb 2tT2+i�iBQMb-

RyX S�BM r?2M ;2iiBM; BM Q` Qmi Q7 i?2 +�` Uǳ:2iiBM; BM Q` Qmi Q7 i?2 +�`ǴV-
RRX S�iB2Mi �#BHBiv iQ `2im`M iQ MQ`K�H �+iBpBiv-
RkX qPJ�* b+Q`2 �7i2` bm`;2`vX

jXk hQQH

AM i?Bb rQ`F- r2 mb2/ i?2 _�TB/KBM2` aim/BQ p2`bBQM NXN U1/m+�iBQM HB+2Mb2V

`mMMBM; QM JB+`QbQ7i qBM/Qrb Ry QT2`�iBQM bvbi2KX _�TB/KBM2` Bb � bQ7ir�`2
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jXj PTiBKBx2 T�`�K2i2`b 7Q` 72�im`2 2M;BM22`BM;

h?Bb bi2T Bb mb2/ iQ QTiBKBx2 T�`�K2i2`b Q7 i?2 ;2M2`�HBx2/ HBM2�` KQ/2H
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F2`M2H/ QMHvX

h�#H2 jXR S�`�K2i2`b Q7 i?2 :2M2`�HBx2/ GBM2�` JQ/2HX

S�`�K2i2` o�Hm2

6�KBHv :�mbbB�M- SQBbbQM- :�KK�- hr22/B2- L2;�iBp2#BKQKB�H

aQHp2` A_GaJ- G"6:a- *QQ`/BM�i2 /2b+2Mi- *QQ`/BM�i2 /2b+2Mi M�Bp2

GBMF 7mM+iBQM A/2MiBiv- AMp2`b2- GQ;Bi

h�#H2 jXk S�`�K2i2`b Q7 amTTQ`i o2+iQ` J�+?BM2X

S�`�K2i2` o�Hm2

E2`M2H ;�KK� y- R- k-Ę- 8y

E2`M2H bB;K�R y- R- k- j- 9- 8

.2;`22 y-R-k-Ę-Ry

S2M�Hiv @R- y- R-Ę- Ryy
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h�#H2 jXj S�`�K2i2`b Q7 .22T G2�`MBM;X

S�`�K2i2` o�Hm2
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G2�`MBM; `�i2 10−7, 10−6, 10−5,Ę, 10−1

h�#H2 jX9 S�`�K2i2`b Q7 :`�/B2Mi "QQbi h`22X

S�`�K2i2` o�Hm2

LmK#2` Q7 i`22b Ryy- kyy- jyy- 9yy- 8yy

J�tBK�H /2Ti? R- k- j-Ę- jy

G2�`MBM; `�i2 yXyyyR- yXyyR- yXyR- yXR

jX9 62�im`2 2M;BM22`BM;

h?Bb bi2T Bb mb2/ iQ b2H2+i �M/ ;2M2`�i2 �ii`B#mi2b #v �miQK�iB+ 72�im`2

2M;BM22`BM; rBi? 9 i2+?MB[m2b bm+? �b ;2M2`�HBx2/ HBM2�` KQ/2H- bmTTQ`i p2+iQ`
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1p�Hm�iBQM K2i`B+b 7Q` `2;`2bbBQM T`Q#H2Kb ?�p2 K�Mv +�i2;Q`B2b- 2X;X K2�M
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72�im`2 2M;BM22`BM; 7`QK ;2M2`�HBx2/ HBM2�` KQ/2H- bmTTQ`i p2+iQ` K�+?BM2- /22T
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9XR .�i� b2i

h?2 /�i� b2i ?�b R-k8y BMbi�M+2b �M/ mb2b Rk �ii`B#mi2bc i?2 K2�MBM; Q7 2�+?
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9XkXR :2M2`�HBx2/ HBM2�` KQ/2H

h?2 T�`�K2i2`b Q7 :GJ �`2 b2i QM i?2 �miQK�iB+ 72�im`2 2M;BM22`BM;- BM@

+Hm/BM;

Ç 6�KBHv, :�mbbB�M

Ç GBMF 7mM+iBQM, A/2MiBiv

Ç aQHp2`, A_GaJX

h?2M i?2 ;`QmT �ii`B#mi2 Bb Q#i�BM2/ #v i?2 �miQK�iB+ 72�im`2 2M;BM22`BM; QM

:GJ �b 7QHHQrBM; h�#H2 9Xj
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h�#H2 9Xj 62�im`2b 1M;BM22`BM; rBi? :2M2`�HBx2/ GBM2�` JQ/2H U61Y:GJVX

�ii`B#mi2 .2b+`BTiBQM

G1 "JA

G2 q�HFBM; rBi?Qmi ;�Bi �B/

G3 J22iBM; T�iB2MiǶb 2tT2+i�iBQMb

G4 S�iB2Mi �#BHBiv iQ `2im`M iQ MQ`K�H �+iBpBiv

G5 HQ;UK�tUJ22iBM; T�iB2MiǶb 2tT2+i�iBQMb-q�HFBM; rBi?Qmi ;�Bi �B/VV

r?2`2 i?2 �ii`B#mi2 G5 K2�Mb i?2 p�Hm2 HQ;�`Bi?K Q7 K�tBKmK p�Hm2 #2ir22M

ǳJ22iBM; T�iB2MiǶb 2tT2+i�iBQMbǴ �M/ ǳq�HFBM; rBi?Qmi ;�Bi �B/ǴX

9XkXk amTTQ`i p2+iQ` K�+?BM2

h?2 T�`�K2i2`b Q7 aoJ �`2 b2i QM i?2 �miQK�iB+ 72�im`2 2M;BM22`BM;- BM@

+Hm/BM;

Ç E2`M2H, _�/B�H

Ç E2`M2H :�KK�, j

Ç S2M�Hiv, j3

Ç 1TbBHQM, k

h?2M i?2 ;`QmT �ii`B#mi2 Bb Q#i�BM2/ #v i?2 �miQK�iB+ 72�im`2 2M;BM22`BM; QM aoJ
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�ii`B#mi2 .2b+`BTiBQM

S1 �;2

S2 "JA

S3 _PJ �7i2` as

S4 q�HFBM; rBi?Qmi ;�Bi �B/

S5 J22iBM; T�iB2MiǶb 2tT2+i�iBQMb

S6 S�iB2Mi �#BHBiv iQ `2im`M iQ MQ`K�H �+iBpBiv

9XkXj .22T H2�`MBM;

h?2 T�`�K2i2`b Q7 .G �`2 b2i QM i?2 �miQK�iB+ 72�im`2 2M;BM22`BM;- BM+Hm/@

BM;

Ç �+iBp�iBQM 7mM+iBQM, _2+iB}2`

Ç GQbb 7mM+iBQM, Zm�/`�iB+

Ç G2�`MBM; `�i2, yXyR

h?2M i?2 ;`QmT �ii`B#mi2 Bb Q#i�BM2/ #v i?2 �miQK�iB+ 72�im`2 2M;BM22`BM; QM .G

�b 7QHHQrBM; h�#H2 9X8

 



j3

h�#H2 9X8 62�im`2b 1M;BM22`BM; rBi? .22T G2�`MBM; U61Y.GVX

�ii`B#mi2 .2b+`BTiBQM

D1 �;2

D2 "JA

D3 _PJ �7i2` as

D4 q�HFBM; rBi?Qmi ;�Bi �B/

D5 J22iBM; T�iB2MiǶb 2tT2+i�iBQMb

D6 :2iiBM; BM Q` Qmi Q7 i?2 +�`

D7 S�iB2Mi �#BHBiv iQ `2im`M iQ MQ`K�H �+iBpBiv

D8 GvBM; QM #2/ ÷ S�iB2Mi J22iBM; T�iB2MiǶb 2tT2+i�iBQMb

r?2`2 D8 K2�Mb p�Hm2 Q7 ǳGvBM; QM #2/Ǵ /BpB/2/ #v p�Hm2 Q7 ǳJ22iBM; T�iB2MiǶb

2tT2+i�iBQMbǴX

9XkX9 :`�/B2Mi #QQbi i`22

h?2 T�`�K2i2`b Q7 :"h �`2 b2i QM i?2 �miQK�iB+ 72�im`2 2M;BM22`BM;- BM@

+Hm/BM;

Ç LmK#2` Q7 i`22, kyy

Ç J�tBK�H Q7 /2Ti?, RR

Ç G2�`MBM; `�i2, yXR

h?2M i?2 ;`QmT �ii`B#mi2 Bb Q#i�BM2/ #v i?2 �miQK�iB+ 72�im`2 2M;BM22`BM; QM :"h

�b 7QHHQrBM; h�#H2 9Xe
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h�#H2 9Xe 62�im`2b 1M;BM22`BM; rBi? :`�/B2Mi "QQbi h`22 U61Y:"hVX

�ii`B#mi2 .2b+`BTiBQM

T1 �;2

T2 "JA

T3 _PJ �7i2` as

T4 q�HFBM; QM ~�i bm`7�+2

T5 J22iBM; T�iB2MiǶb 2tT2+i�iBQMb

T6 :2iiBM; BM Q` Qmi Q7 i?2 +�`

T7 S�iB2Mi �#BHBiv iQ `2im`M iQ MQ`K�H �+iBpBiv

T8 S�iB2Mi �#BHBiv iQ `2im`M iQ MQ`K�H �+iBpBiv − _PJ �7i2` as

T9 "JA × q�HFBM; rBi?Qmi ;�Bi �B/

r?2`2 T8 �M/ T9 K2�M p�Hm2 Q7 ǳS�iB2Mi �#BHBiv iQ `2im`M iQ MQ`K�H �+iBpBivǴ KBMmb

i?2 p�Hm2 Q7 ǳ_PJ �7i2` asǴ- �M/ i?2 p�Hm2 Q7 ǳ"JAǴ KmHiBTHB2/ #v ǳq�HFBM;

rBi?Qmi ;�Bi �B/Ǵ- `2bT2+iBp2HvX

9Xj 1p�Hm�iBQM KQ/2H

h?Bb T�`i /2KQMbi`�i2b i?2 2{+B2M+v Q7 ;`�/B2Mi #QQbi i`22 rBi? Qi?2`

�ii`B#mi2 r?2`2 Ry@7QH/ +`Qbb p�HB/�iBQM Bb mb2/ iQ p�HB/�i2 i?2 KQ/2HX h?2 KQ/2H

+�M #2 2p�Hm�i2/ #v _Ja1- J�.- �M/ a1 K2i`B+ r?2`2 � HQr2` p�Hm2 Q7 2�+?

K2i`B+ Bb #2ii2` i?�M � ?B;? p�Hm2X h?2 p�Hm2b Q7 i?2 K2i`B+b �`2 /2KQMbi`�i2/ BM

h�#H2 9XdX
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h�#H2 9Xd _Ja1- J�. �M/ a1 Q7 i?2 KQ/2Hb Q#i�BM2/X

JQ/2H �ii`B#mi2b Lh J. G_ _Ja1 J�. a1

:"h 61Y:GJ kyy R8 yXR 5.819± 0.801 3.738± 0.481 34.443± 9.233

:"h 61YaoJ kyy Ry yXR 5.517± 0.699 3.660± 0.442 30.880± 7.781

:"h 61Y.G kyy RR yXR 5.544± 0.652 3.632± 0.414 31.113± 7.288

:"h 61Y:"h kyy RR yXR 5.316± 0.539 3.529± 0.370 28.525± 5.828

r?2`2 Lh- J.- �M/ G_ �`2 T�`�K2i2` p�Hm2b Q7 i`22- K�tBK�H /2Ti?- �M/ H2�`MBM;

`�i2- `2bT2+iBp2HvX h�#H2 9Xd /2KQMbi`�i2b i?2 T2`7Q`K�M+2 Q7 i?2 ;`�/B2Mi #QQbi

i`22 rBi? /Bz2`2Mi �ii`B#mi2b rBi? 10@7QH/ +`Qbb p�HB/�iBQMX h?2 #2bi KQ/2H Bb i?2

;`�/B2Mi #QQbi i`22 rBi? �ii`B#mi2b Q`B;BM�iBM; #v �miQK�iB+ 72�im`2 2M;BM22`BM;

QM ;`�/B2Mi #QQbi i`22 UQ` ;`QmT �ii`B#mi2 9V r?2`2 _Ja1- J�. �M/ a1 �`2

5.316 ± 0.539- 3.529 ± 0.370- �M/ 28.525 ± 5.828- `2bT2+iBp2HvX 6B;m`2b 9XRj@9XRe

b?Qr i?2 T`2/B+iBQMb Q7 i?2 T�iB2MibǶ TQbiQT2`�iBp2 qPJ�* b+Q`2 �7i2` iQi�H FM22

`2TH�+2K2Mi }`bi Ryy /�i� +`2�i2/ rBi? i?2 KQ/2H Q7 ;`�/B2Mi #QQbi i`22 iQ;2i?2`

rBi? 61Y:GJ- 61YaoJ- 61Y.G- �M/ 61Y:"h- `2bT2+iBp2HvX

6B;m`2 9XRj S`2/B+iBM; qPJ�* a+Q`2 #v mbBM; 61Y:GJX
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6B;m`2 9XR9 S`2/B+iBM; qPJ�* a+Q`2 #v mbBM; 61YaoJX

6B;m`2 9XR8 S`2/B+iBM; qPJ�* a+Q`2 #v mbBM; 61Y.GX
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6B;m`2 9XRe S`2/B+iBM; qPJ�* a+Q`2 #v mbBM; 61Y:"hX

9X9 S2`7Q`K�M+2 Q7 H2�`MBM; `�i2 Q7 ;`�/B2Mi #QQbi i`22

h�#H2 9Xd /2KQMbi`�i2b i?�i i?2 KQ/2H #mBHi #v ;`QmT �ii`B#mi2b 4 Bb i?2

#2bi Q7 �HH- �M/ bm#b2[m2MiHv- QMHv i?2 H2�`MBM; `�i2 T�`�K2i2` Bb +QMbB/2`2/X h?mb-

i?2 T�`�K2i2`b Q7 i?2 KQ/2H `2K�BM �b #27Q`2c ?Qr2p2` i?2 H2�`MBM; `�i2 T�`�K2i2`

Bb �/Dmbi2/ QMHvX

6B;m`2 9XRd hmM2 G2�`MBM; _�i2 BM :"hX
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6B;m`2 9XRd b?Qrb i?2 _Ja1 7Q` /Bz2`2Mi p�Hm2b Q7 i?2 H2�`MBM; `�i2 BM

`�M;2 0, 0.1, 0.2, . . . , 1X � H2�`MBM; `�i2 0.1 ;Bp2b i?2 H2�bi _Ja1X �7i2` i?Bb- i?2

KQ/2H Bb 7m`i?2` �/Dmbi2/- KQ/B7vBM; irQ T�`�K2i2`b r?B+? �`2 H2�`MBM; `�i2 �M/

MmK#2` Q7 i`22bX h?2 7QHHQrBM; T�`�K2i2`b r2`2 +?Qb2M,

h�#H2 9X3 S�`�K2i2`b :`�/B2Mi "QQbi h`22X

S�`�K2i2` o�Hm2

LmK#2` Q7 i`22 Ryy- kyy- jyy- 9yy- 8yy

G2�`MBM; `�i2 yXyyyR- yXyyR- yXyR- yXR

6B;m`2 9XR3 hmM2 G2�`MBM; _�i2 �M/ LmK#2` Q7 h`22b BM :"hX
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6B;m`2 9XRN 6m`i?2` hmM2 G2�`MBM; _�i2 �M/ LmK#2` Q7 h`22b BM :"hX

h?2 `2bmHib b?QrM BM 6B;m`2 9XR3 /2KQMbi`�i2 r?2i?2` 7Q` 2p2`v MmK#2` Q7

i`22b- i?2 H2�`MBM; `�i2 Q7 0.1 Bb #2ii2` i?�M i?2 Qi?2` H2�`MBM; `�i2bX

h�#H2 9XN _Ja1- J�. �M/ a1 Q7 i?2 KQ/2Hb Q#i�BM2/X

JQ/2H �ii`B#mi2b Lh J. G_ _Ja1 J�. a1

:"h 61Y:"h 8yy RR yXyR 5.459± 0.654 3.678± 0.427 30.190± 7.289

:"h 61Y:"h 8yy RR yXyk 5.366± 0.563 3.594± 0.379 29.075± 6.212

:"h 61Y:"h 8yy RR yXyj 5.334± 0.544 3.549± 0.367 28.713± 5.934

:"h 61Y:"h 9yy RR yXy9 5.311± 0.538 3.550± 0.376 28.472± 5.881

:"h 61Y:"h 9yy RR yXy8 5.331± 0.517 3.536± 0.365 28.659± 5.606

:"h 61Y:"h kyy RR yXye 5.334± 0.566 3.561± 0.392 28.743± 6.199

:"h 61Y:"h kyy RR yXyd 5.312± 0.565 3.532± 0.391 28.501± 6.177

:"h 61Y:"h kyy RR yXy3 5.317± 0.544 3.540± 0.352 28.533± 5.922

:"h 61Y:"h kyy RR yXyN 5.338± 0.508 3.543± 0.356 28.724± 5.552

:"h 61Y:"h kyy RR yXR 5.316± 0.539 3.529± 0.370 28.525± 5.828
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�7i2` i?�i- 7m`i?2` imMBM; Q7 H2�`MBM; `�i2 �M/ MmK#2` Q7 i`22b ;�p2 i?2

/�i� Q7 6B;m`29XRN �M/ h�#H2 9XN- r?B+? b?Qrb i?�i � H2�`MBM; `�i2 Q7 yXyd �M/

MmK#2` Q7 i`22b Q7 kyy ?�b _Ja1 Q7 5.312 ± 0.565X � H2�`MBM; `�i2 Q7 yXy9 �M/

MmK#2` Q7 i`22b Q7 9yy ?�b _Ja1 Q7 5.311± 0.538X aQ i?�i #Qi? KQ/2Hb ?�p2 �M

_Ja1 HQr2` i?�M i?2 Qi?2` KQ/2Hb Q7 h�#H2 9XdX h?Bb b?Qrb i?�i i?2 H2�`MBM;

`�i2 Bb � T�`�K2i2` i?�i �z2+ib i?2 ;`�/B2Mi #QQbi i`22X

 



*>�Sh1_ o

*PL*GlaAPL �L. _1*PJJ1L.�hAPL

h?Bb i?2bBb ?�b bim/B2/ i?2 KQ/2HBM; iQ T`2/B+i T�iB2MiǶb TQbiQT2`�iBp2

qPJ�* b+Q`2 �7i2` iQi�H FM22 `2TH�+2K2Mi- mbBM; i?2 /�i� b2i Q#i�BM2/ 7`QK

�bbiX S`Q7X GiX *QHX "m`� aB#/?mT�F`QM- �b K2MiBQM2/ #27Q`2X aBM+2 i?2 qPJ�*

b+Q`2 Bb �M BMi2;2`- i?2 KQ/2H 7Q` bQHpBM; +?Qb2M r�b � `2;`2bbBQM rBi? � ;`�/B2Mi

#QQbi i`22X 6m`i?2`KQ`2- i?2 KQ/2H r�b BKTH2K2Mi2/ BM _�TB/KBM2` aim/BQ NXN

U1/m+�iBQM HB+2Mb2VX h?Bb �M�HvbBb r�b /BpB/2/ BMiQ i?`22 T�`ibX h?2 }`bi T�`i

Bb QTiBKBxBM; i?2 KQ/2H- BM+Hm/BM; � ;2M2`�HBx2/ HBM2�` KQ/2H- bmTTQ`i p2+iQ` K�@

+?BM2- /22T H2�`MBM;- �M/ ;`�/B2Mi #QQbi i`22 iQ T`2/B+i i?2 T�iB2MiǶb TQbiQT2`�iBp2

qPJ�* b+Q`2 �7i2` iQi�H FM22 `2TH�+2K2Mi iQ `2+2Bp2 i?2 p�Hm2 Q7 T�`�K2i2`b Q7

2�+? KQ/2HX h?2 b2+QM/ T�`i Bb iQ b2H2+i �M/ ;2M2`�i2 M2r ;`QmT �ii`B#mi2b #v

mbBM; i?2 �miQK�iB+ 72�im`2 2M;BM22`BM; QM � ;2M2`�HBx2/ HBM2�` KQ/2H- bmTTQ`i

p2+iQ` K�+?BM2- /22T H2�`MBM;- �M/ ;`�/B2Mi #QQbi i`22 bm+? i?�i 2�+? KQ/2H Bb b2i

i?2 p�Hm2 Q7 T�`�K2i2` Q#i�BM2/ 7`QK i?2 }`bi T�`i- i?2 `2bmHi Q7 i?Bb T�`i Q#i�BM

i?2 ;`QmT �ii`B#mi2b 7`QK 2�+? KQ/2HX h?2 i?B`/ T�`i mb2/ 2�+? ;`QmTǶb �ii`B#mi2b

7`QK i?2 b2+QM/ T�`i iQ +QMbi`m+i i?2 T`2/B+iBQM KQ/2H 7Q` T`2/B+iBM; #v mbBM; i?2

;`�/B2Mi #QQbi i`22 rBi? 10@7QH/ +`Qbb@p�HB/�iBQM- 7QHHQr2/ #v QTiBKBxBM; i?`22 T�@

`�K2i2`b Q7 ;`�/B2Mi #QQbi i`22- M�K2Hv i?2 MmK#2` Q7 i`22b- K�tBK�H Q7 /2Ti?-

�M/ H2�`MBM; `�i2X

h?2 KQ/2H Bb +`2�i2/ BM r?B+? /Bz2`2Mi ;`QmT �ii`B#mi2b r2`2 K2�bm`2/ #v

_Ja1- J�.- �M/ a1 BM h�#H2 9XdX h?2 `2bmHi Q7 h�#H2 9Xd b?Qr i?�i i?2 ;`�/B2Mi

#QQbi i`22 mbBM; ;`QmT �ii`B#mi2b `2+2Bp2/ 7`QK �miQK�iB+ 72�im`2 2M;BM22`BM; QM
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;`�/B2Mi #QQbi i`22 Bb i?2 #2biX a2+QM/- i?B`/- �M/ 7Qm`i? #2bi T2`7Q`K�M+2 �`2

;`QmT �ii`B#mi2b 7`QK �miQ 72�im`2 2M;BM22`BM; QM /22T H2�`MBM;- bmTTQ`i p2+iQ`

K�+?BM2- �M/ ;2M2`�HBx2/ HBM2�` KQ/2HX 6B;m`2 9XRd@9XRN- �M/ i�#H2 9XN b?Qr i?�i

i?2 H2�`MBM; `�i2 Q7 i?2 ;`�/B2Mi #QQbi i`22 �z2+ib i?2 2{+B2M+v iQ i?2 KQ/2HX

AM i?2 7mim`2- i?2 KQ/2H 7`QK i?Bb rQ`F +�M #2 mb2/ �M/ /2p2HQT2/ BM

�`iB}+B�H BMi2HHB;2M+2 iQ � ;`2�i p�`B2iv Q7 �TTHB+�iBQMbX 6Q` 2t�KTH2 QM2 K�v

/2p2HQT �M �TT r?B+? +QMbBbib Q7 bBKTHB}2/ [m2biBQMM�B`2 �M/ b2M/ i?2 T`2/B+i2/

qPJ�* b+Q`2 iQ i?2 ?QbTBi�H r?B+? Qm` KQ/2H Bb #�b2/ �H;Q`Bi?K #2?BM/ i?2

�TT- bQ i?�i i?2 T?vbB+B�M FMQr i?2 qPJ�* b+Q`2 #27Q`2 i?2 �TTQBMiK2MiX h?2

K2i?Q/ Q7 b2H2+iBM; �M/ ;2M2`�iBM; �ii`B#mi2b #v �miQK�iB+ 72�im`2 2M;BM22`BM;

K�v #2 �TTHB2/ iQ bQK2 Qi?2` KQ/2HbX AM i?2 7mim`2- i?2 `2b2�`+?2` BMi2`2bi2/ BM

i?Bb rQ`F Q` i?Bb K2i?Q/ Q7 i?2 �miQK�iB+ 72�im`2 2M;BM22`BM; iQ Qi?2` KQ/2HbX

q2 ?QT2 i?Bb rQ`F rBHH #2 mb27mH iQ `2b2�`+?2`bX
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"2MiûD�+- *X- *bƺ`;ǒ- �X �M/ J�`iőM2x@JmƢQx- :X UkykyVX � +QKT�`�iBp2 �M�H@

vbBb Q7 ;`�/B2Mi #QQbiBM; �H;Q`Bi?KbX �`iB}+B�H AMi2HHB;2M+2 _2pB2rX

?iiTb,ff/QB,RyXRyydfbRy9ek@yky@yN3Ne@8

"Qi+?F�`2p- �X UkyR3VX 1p�Hm�iBM; S2`7Q`K�M+2 Q7 _2;`2bbBQM J�+?BM2 G2�`MBM;

JQ/2Hb lbBM; JmHiBTH2 1``Q` J2i`B+b BM �xm`2 J�+?BM2 G2�`MBM; aim/BQX

aa_L 1H2+i`QMB+ CQm`M�HX ?iiTb,ff/QB,RyXkRjNfbb`MXjRdd8yd

*mBR- �X- GB- >X- q�M;- .X- w?QM;- CX- *?2M- uX �M/ Gm >X

UkykyVX :HQ#�H- `2;BQM�H T`2p�H2M+2- BM+B/2M+2 �M/ `BbF 7�+iQ`b Q7

FM22 Qbi2Q�`i?`BiBb BM TQTmH�iBQM@#�b2/ bim/B2bX 1*HBMB+�HJ2/B+BM2X

?iiTb,ff/QBXQ`;fRyXRyRefDX2+HBMKXkykyXRyy83d

h?2 .�i� qPJ�* a+Q`2 �7i2` hE_ /�i� b2i Bb �p�BH�#H2 QM ?iiTb,ffrrrX

F�;;H2X+QKfb�`�M+?�BbBMH�T�bQ`Mf/�i�@rQK�+@b+Q`2@�7i2`@iF`

.2T�`iK2Mi Q7 PH/2` S2`bQMb- UkykyV- aBim�iBQM Q7 i?2 h?�B 1H/2`HvX _2i`B2p2/

7`QK ?iiT,ffrrrX/QTX;QXi?fi?fFMQrfR

:�`2i?- CX- .�MB2H� qX- h`2pQ` >X �M/ _Q# hX UkyRdVX �M AMi`Q/m+iBQM iQ

ai�iBbiB+�H G2�`MBM;X L2r uQ`F, aT`BM;2`X

C�Kb?B/B- �X- S2HH2iB2`- CX@SX �M/ J�`i2H@S2HH2iB2`- CX UkyR3VX J�+?BM2@H2�`MBM;@

#�b2/ T�iB2Mi@bT2+B}+ T`2/B+iBQM KQ/2Hb 7Q` FM22 Qbi2Q�`i?`BiBbX L�im`2

_2pB2rb _?2mK�iQHQ;vX ?iiTb,ff/QB,RyXRyj3fb9R839@yR3@yRjy@8

E�Mi2`- CX JX �M/ o22`�K�+?�M2MB- EX UkyR8VX .22T 72�im`2 bvMi?2bBb, hQ@

r�`/b �miQK�iBM; /�i� b+B2M+2 2M/2�pQ`bX kyR8 A111 AMi2`M�iBQM�H

 



8y

*QM72`2M+2 QM .�i� a+B2M+2 �M/ �/p�M+2/ �M�HviB+b U.a��VX

?iiTb,ff/QB,RyXRRyNf/b��XkyR8Xdj99383

EQFFQiBb- *X- JQmbi�FB/Bb- aX- S�T�;2Q`;BQm- 1X- :B�F�b- :X �M/ hb�QTQmHQb-

.X 1X UkykyV- J�+?BM2 H2�`MBM; BM FM22 Qbi2Q�`i?`BiBb, � `2pB2rX Pb@

i2Q�`i?`BiBb �M/ *�`iBH�;2 PT2M- oQHmK2 k- Abbm2 j- �`iB+H2 RyyyeNX

?iiTb,ff/QBXQ`;fRyXRyRefDXQ+�`iQXkykyXRyyyeN

EQmibQmF�b- �X- JQM�;?�M- EX CX- GB- sX �M/ >m�M- CX UkyRdVX .22T@H2�`MBM;,

BMp2biB;�iBM; /22T M2m`�H M2irQ`Fb ?vT2`@T�`�K2i2`b �M/ +QKT�`BbQM Q7

T2`7Q`K�M+2 iQ b?�HHQr K2i?Q/b 7Q` KQ/2HBM; #BQ�+iBpBiv /�i�X CQm`M�H

Q7 *?2KBM7Q`K�iB+b- NURVX ?iiTb,ff/QB,RyXRR3efbRjjkR@yRd@ykke@v

L�i2FBM- �X �M/ EMQHH- �X UkyRjVX :`�/B2Mi #QQbiBM; K�+?BM2b- � imiQ`B�HX 6`QM@

iB2`b BM L2m`Q`Q#QiB+b- dX ?iiTb,ff/QB,RyXjj3Nf7M#QiXkyRjXyyykR

S?BHBTT SX- �MM2@G�m`2- "X �M/ "2`M/ "X UkyRNVX hmM�#BHBiv, AKTQ`@

i�M+2 Q7 >vT2`T�`�K2i2`b Q7 J�+?BM2 G2�`MBM; �H;Q`Bi?KbX CQm`@

M�H Q7 J�+?BM2 G2�`MBM; _2b2�`+?- oQHmK2 ky- _2i`B2p2/ 7`QK

?iiT,ffDKH`XQ`;fT�T2`bfpkyfR3@999X?iKH

ai�`K2`- CX UkyRN- �T`BH kV- :`�/B2Mi "QQbi S�`i k UQ7 9V, _2;`2bbBQM

.2i�BHb (oB/2Q }H2)- _2i`B2p2/ 7`QK

?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4ktm/SP"x@pb�i49Nkb��#n

+?�MM2H4ai�iZm2birBi?CQb?ai�`K2`

ai�`K2`- CX UkyRN- �T`BH kyV- _2;`2bbBQM h`22b- *H2�`Hv 1tTH�BM2/555 (oB/2Q

}H2)- _2i`B2p2/ 7`QK

?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4;N+eehlvHw9�i4k89b��#n

+?�MM2H4ai�iZm2birBi?CQb?ai�`K2`

 



8R

hBmHTBM- �X- EH2BM- aX- "B2`K�@w2BMbi`�- aX JX �X- h?2p2MQi- CX- _�?im- 1X-

J2m`b- CX o�M- P2B- 1X >X :X �M/ a��`�FF�H�- aX UkyRNVX JmHiB@

KQ/�H J�+?BM2 G2�`MBM;@#�b2/ EM22 Pbi2Q�`i?`BiBb S`Q;`2bbBQM S`2/B+@

iBQM 7`QK SH�BM _�/BQ;`�T?b �M/ *HBMB+�H .�i�X a+B2MiB}+ _2TQ`ib-

NURVX ?iiTb,ff/QB,RyXRyj3fb9R8N3@yRN@8e8kd@j

q�HF2`- GX *X- *H2K2Mi- LX .X- "�`/;2ii- JX- q2B`- .X- >QHH�M/- CX- :2``�M/- *X

�M/ .22?�M- .X CX UkyR3VX h?2 qPJ�* b+Q`2 +�M #2 `2HB�#Hv mb2/ iQ

+H�bbB7v T�iB2Mi b�iBb7�+iBQM �7i2` iQi�H FM22 �`i?`QTH�bivX EM22 am`;2`v-

aTQ`ib h`�mK�iQHQ;v- �`i?`Qb+QTvX /QB,RyXRyydfbyyRed@yR3@93dN@8

um�M- EX@*X- hb�B- GX@qX- G22- EX@>X- *?2M;- uX@qX- >bm- aX@*X- GQ- uX@

aX�M/ *?2M- _X@CX UkykyVX h?2 /2p2HQTK2Mi �M �`iB}+B�H BMi2HHB;2M+2

�H;Q`Bi?K 7Q` 2�`Hv b2TbBb /B�;MQbBb BM i?2 BMi2MbBp2 +�`2 mMBiX AMi2`@

M�iBQM�H CQm`M�H Q7 J2/B+�H AM7Q`K�iB+b- R9R- �`iB+H2 Ry9RdeX

?iiTb,ff/QB,RyXRyRefDXBDK2/BM7XkykyXRy9Rde

w?2M;- �X �M/ *�b�`B- �X UkyR3VX 62�im`2 1M;BM22`BM; 7Q` J�+?BM2 G2�`MBM;

URbi 2/XVX la�, PǶ_2BHHv J2/B�X
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�XR q2bi2`M PMi�`BQ �M/ J+J�bi2` lMBp2`bBiB2b �`i?`BiBb

AM/2t

6B;m`2 �XR q2bi2`M PMi�`BQ �M/ J+J�bi2` lMBp2`bBiB2b �`i?`BiBb AM/2tX
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�Xk EM22 BMDm`v �M/ Pbi2Q�`i?`BiBb Pmi+QK2 a+Q`2

6B;m`2 �Xk 6B`bi T�;2 Q7 EM22 BMDm`v �M/ Pbi2Q�`i?`BiBb Pmi+QK2 a+Q`2X
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6B;m`2 �Xj a2+QM/ T�;2 Q7 EM22 BMDm`v �M/ Pbi2Q�`i?`BiBb Pmi+QK2 a+Q`2X
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6B;m`2 �X9 h?B`/ T�;2 Q7 EM22 BMDm`v �M/ Pbi2Q�`i?`BiBb Pmi+QK2 a+Q`2X
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6B;m`2 �X8 6Qm`i? T�;2 Q7 EM22 BMDm`v �M/ Pbi2Q�`i?`BiBb Pmi+QK2 a+Q`2X
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�Xj AMi2`M�iBQM�H EM22 .Q+mK2Mi�iBQM *QKKBii22

6B;m`2 �Xe 6B`bi T�;2 Q7 AMi2`M�iBQM�H EM22 .Q+mK2Mi�iBQM *QKKBii22X

 



ey

6B;m`2 �Xd a2+QM/ T�;2 Q7 AMi2`M�iBQM�H EM22 .Q+mK2Mi�iBQM *QKKBii22X
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ek

"XR _QQi K2�M b[m�`2 2``Q` Q7 2�+? KQ/2H �7i2` QTiBKBx2

i?2 T�`�K2i2`b

AM i?Bb +?�Ti2` r2 b?Qr i?2 _Ja1 Q7 2�+? KQ/2H- mbBM; i?2 QTiBKBx2 T�@

`�K2i2`b Q7 2�+? KQ/2H BM i?2 _�TB/KBM2` aim/BQ T`Q;`�K- rBi? p�HB/�iBQM #v

Ry@7QH/ +`Qbb p�HB/�iBQMX q2 Q#i�BM2/ i?2 T2`7Q`K�M+2 Q7 2�+? KQ/2H �b 7QHHQrb,

h�#H2 "XR :2M2`�HBx2/ GBM2�` JQ/2HX

JQ/2H 6�KBHv GBMF 7mM+iBQM aQHp2` _Ja1

:GJ L2;�iBp2#BMQKB�H @ A_GaJ 7.646± 0.479

:GJ :�mbbB�M GQ;Bi *QQ`/BM�i2 /2b+2Mi 7.649± 0.468

:GJ SQBbbQM GQ;Bi A_GaJ 7.654± 0.464

:GJ :�KK� A/2MiBiv A_GaJ 7.659± 0.486

:GJ :�mbbB�M A/2MiBiv A_GaJ 7.667± 0.462

:GJ hr22/B2 @ *QQ`/BM�i2 /2b+2Mi M�Bp2 7.674± 0.459

h�#H2 "Xk amTTQ`i o2+iQ` J�+?BM2X

JQ/2H E2`M2H E2`M2H ;�KK� E2`M2H bB;K� .2;`22 S2M�Hiv 1TbBHQM _Ja1

aoJ `�/B�H j @ @ j3 k 5.865± 0.418

aoJ 2T�+?M2MBFQp @ k d 99 k 5.868± 0.434

aoJ �MQp� 8 @ k k yXR 5.969± 0.858

aoJ /Qi @ @ @ y d 7.676± 0.461

 



ej

h�#H2 "Xj .22T G2�`MBM;X

JQ/2H �+iBp�iBQM 7mM+iBQM G2�`MBM; `�i2 GQbb 7mM+iBQM _Ja1

.G _2+iB}2` yXyR Zm�/`�iB+ 6.310± 0.732

.G h�M? yXyR Zm�/`�iB+ 6.492± 0.757

.G J�tQmi yXyyR Zm�/`�iB+ 6.604± 0.623

.G 1tT_2+iB}2` yXyyR Zm�/`�iB+ 7.215± 0.542

h�#H2 "X9 :`�/B2Mi "QQbi h`22X

JQ/2H LmK#2` Q7 i`22 J�tBK�H /2Ti? G2�`MBM; `�i2 _Ja1

:"h kyy RR yXR 5.466± 0.595

:"h 8yy Rj yXyR 5.575± 0.624

:"h 8yy R3 yXyyR 7.359± 0.497

:"h 8yy Re yXyyyR 9.205± 0.719
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e8

h?Bb +?�Ti2` /2KQMbi`�i2 i?2 T`Q+2bb 72�im`2 2M;BM22`BM; BM _�TB/KBM2`

aim/BQX

*XR PTiBKBx2/ T�`�K2i2`b 7Q` 72�im`2 2M;BM22`BM;

AM i?Bb T�`i- r2 b?Qr i?2 T`Q+2bb iQ QTiBKBx2 T�`�K2i2`b Q7 ;2M2`�HBx2/

HBM2�` KQ/2H- bmTTQ`i p2+iQ` K�+?BM2- /22T H2�`MBM;- �M/ ;`�/B2Mi #QQbi i`22 BM

_�TB/KBM2` aim/BQ T`Q;`�K r?B+? p�HB/�iBQM KQ/2H #v Ry@7QH/ +`Qbb@p�HB/�iBQMX

6B;m`2 *XR Pp2`pB2r T`Q+2bb Q7 QTiBKBx2/ T�`�K2i2`bX

*Xk 62�im`2 2M;BM22`BM; �M/ QTiBKBx2 ;`�/B2Mi #QQbi i`22

AM i?Bb T�`i- r2 b?Qr i?2 T`Q+2bb iQ 72�im`2 2M;BM22`BM; bm+? i?�i mbBM;

�miQK�iB+ 72�im`2 2M;BM22`BM; iQ b2H2+i �M/ ;2M2`�i2 �ii`B#mi2b rBi? b2p2`�H i2+?@

MB[m2b bm+? �b ;2M2`�HBx2/ HBM2�` KQ/2H- bmTTQ`i p2+iQ` K�+?BM2- /22T H2�`MBM;-

�M/ ;`�/B2Mi #QQbi i`22 BM _�TB/KBM2` aim/BQ T`Q;`�K r?B+? p�HB/�iBQM 2�+? i2+?@

MB[m2 #v Ry@7QH/ +`Qbb@p�HB/�iBQM �M/ T`Q+2bb Q7 QTiBKBxBM; ;`�/B2Mi #QQbi i`22X

 



ee

6B;m`2 *Xk Pp2`pB2r T`Q+2bb Q7 72�im`2 2M;BM22`BM; �M/ QTiBKBx2 ;`�/B2Mi #QQbi

i`22X
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PShAJAw1 :_�.A1Lh "PPah h_11

 



e3

h?Bb +?�Ti2` /2KQMbi`�i2 i?2 _Ja1 Q7 ;`�/B2Mi #QQbi i`22 7Q` /Bz2`2Mi

H2�`MBM; `�i2X

.XR _Ja1 Q7 ;`�/B2Mi #QQbi i`22 rBi? /Bz2`2Mi �ii`B#mi2b

AM i?Bb +?�Ti2` r2 b?Qr _Ja1 Q7 ;`�/B2Mi #QQbi i`22 rBi? /Bz2`2Mi �i@

i`B#mi2b BM _�TB/KBM2` aim/BQ T`Q;`�K r?B+? p�HB/�iBQM KQ/2H #v Ry@7QH/ +`Qbb

p�HB/�iBQM i?2M r2 Q#i�BM2/ i?2 T2`7Q`K�M+2 Q7 2�+? KQ/2H �b 7QHHQrBM;

h�#H2 .XR :`�/B2Mi "QQbi h`22 rBi? 61Y:GJX

JQ/2H LmK#2` Q7 i`22 J�tBK�H /2Ti? G2�`MBM; `�i2 _Ja1

:"h kyy R8 yXR 5.819± 0.801

:"h 8yy Re yXyR 5.870± 0.798

:"h 8yy Re yXyyR 7.468± 0.502

:"h 8yy Re yXyyyR 9.214± 0.711

h�#H2 .Xk :`�/B2Mi "QQbi h`22 rBi? 61YaoJX

JQ/2H LmK#2` Q7 i`22 J�tBK�H /2Ti? G2�`MBM; `�i2 _Ja1

:"h kyy Ry yXR 5.517± 0.699

:"h 8yy kR yXyR 5.605± 0.716

:"h 8yy Re yXyyR 7.392± 0.495

:"h 8yy Re yXyyyR 9.204± 0.718
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h�#H2 .Xj :`�/B2Mi "QQbi h`22 rBi? 61Y.GX

JQ/2H LmK#2` Q7 i`22 J�tBK�H /2Ti? G2�`MBM; `�i2 _Ja1

:"h kyy RR yXR 5.544± 0.652

:"h 8yy ky yXyR 5.611± 0.621

:"h 8yy R3 yXyyR 7.383± 0.481

:"h 8yy Re yXyyyR 9.203± 0.717

h�#H2 .X9 :`�/B2Mi "QQbi h`22 rBi? 61Y:"hX

JQ/2H LmK#2` Q7 i`22 J�tBK�H /2Ti? G2�`MBM; `�i2 _Ja1

:"h kyy RR yXR 5.316± 0.539

:"h 8yy Rj yXyR 5.429± 0.650

:"h 8yy Rd yXyyR 7.307± 0.520

:"h 8yy R8 yXyyyR 9.196± 0.720
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