
K�Mmb+`BTi bm#KBii2/ iQ :CA

h?`22@ai�iBQM AMi2`72`QK2i`v �M/ hQKQ;`�T?v lbBM;R

*Q/� �M/ .B`2+i q�p2bk

a?�M2 w?�M;1- GBHB 62M;1- JB+?�2H >X _BixrQHH2`1j

1 *2Mi2` 7Q` AK�;BM; i?2 1�`i?Ƕb AMi2`BQ`- .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`-9

"QmH/2`- *P 3yjyN- la�X8

amKK�`ve

h`�/BiBQM�H irQ@bi�iBQM �K#B2Mi MQBb2 BMi2`72`QK2i`v 2biBK�i2b i?2 :`22MǶb 7mM+@d

iBQM #2ir22M � T�B` Q7 bvM+?`QMQmbHv /2THQv2/ b2BbKB+ bi�iBQMbX h?`22@bi�iBQM BMi2`72`@3

QK2i`v +QMbB/2`b `2+Q`/b Q#b2`p2/ i?`22 bi�iBQMb �i � iBK2- r?2`2 irQ Q7 i?2 bi�iBQMb �`2N

+QMbB/2`2/ `2+2Bp2`@bi�iBQMb �M/ i?2 i?B`/ Bb � bQm`+2@bi�iBQMX *`Qbb@+Q``2H�iBQMb #2ir22MRy

`2+Q`/b �i i?2 bQm`+2@bi�iBQM rBi? 2�+? Q7 i?2 `2+2Bp2`@bi�iBQMb �`2 +Q``2H�i2/ Q` +QMpQHp2/RR

�;�BM iQ 2biBK�i2 i?2 :`22MǶb 7mM+iBQM #2ir22M i?2 `2+2Bp2`@bi�iBQMb- r?B+? K�v #2 /2@Rk

THQv2/ �bvM+?`QMQmbHvX q2 mb2 /�i� 7`QK i?2 1�`i?a+QT2 la�``�v BM i?2 r2bi2`M laRj

iQ +QKT�`2 _�vH2B;? r�p2 /BbT2`bBQM Q#i�BM2/ 7`QK irQ@bi�iBQM �M/ i?`22@bi�iBQM BMi2`@R9

72`QK2i`vX h?`22 i?`22@bi�iBQM BMi2`72`QK2i`B+ K2i?Q/b �`2 /BbiBM;mBb?2/ #v i?2 /�i�R8

b2;K2Mi miBHBx2/ U+Q/�@r�p2 Q` /B`2+i@r�p2V �M/ r?2i?2` i?2 bQm`+2@bi�iBQMb �`2 +QMbi`�BM2/Re

iQ HB2 BM bi�iBQM�`v T?�b2 xQM2b �TT`QtBK�i2Hv BMHBM2 rBi? i?2 `2+2Bp2`@bi�iBQMbX h?2 T`B@Rd

K�`v }M/BM; Bb i?�i i?2 i?`22@bi�iBQM /B`2+i r�p2 K2i?Q/b T2`7Q`K +QMbB/2`�#Hv #2ii2`R3

i?�M i?2 i?`22@bi�iBQM +Q/�@r�p2 K2i?Q/ �M/ irQ@bi�iBQM �K#B2Mi MQBb2 BMi2`72`QK2i`v-RN

BM i2`Kb Q7 bB;M�H@iQ@MQBb2 `�iBQ- #�M/rB/i?- �M/ i?2 MmK#2` Q7 K2�bm`2K2Mib Q#i�BM2/-ky

#mi TQbb2bb bK�HH #B�b2b `2H�iBp2 iQ irQ@bi�iBQM BMi2`72`QK2i`vX q2 T`2b2Mi � `�v@i?2Q`2iB+kR

+Q``2+iBQM K2i?Q/ i?�i H�`;2Hv `2KQp2b i?2 #B�b #2HQr 8y b T2`BQ/ �M/ `2/m+2b Bi �i HQM;2`kk

T2`BQ/bX h?`22@bi�iBQM /B`2+i@r�p2 BMi2`72`QK2i`v T`QpB/2b bm#bi�MiB�H p�Hm2 7Q` BK�;@kj

BM; i?2 +`mbi �M/ mTT2`KQbi K�MiH2- �M/ Bib �#BHBiv iQ #`B/;2 �bvM+?`QMQmbHv /2THQv2/k9

bi�iBQMb K�v BKT�+i i?2 /2bB;M Q7 b2BbKB+ M2irQ`Fb BM i?2 7mim`2Xk8

E2v rQ`/b, a2BbKB+ MQBb2c a2BbKB+ BMi2`72`QK2i`vc a2BbKB+ iQKQ;`�T?vc am`7�+2 r�p2bke

�M/ 7`22 Qb+BHH�iBQMbc *Q/� r�p2bXkd

*Q``2bTQM/BM; �mi?Q`, a?�M2 w?�M;- b?x?jNk9!+QHQ`�/QX2/m

ĜRĜ



K�Mmb+`BTi bm#KBii2/ iQ :CA

R AMi`Q/m+iBQMk3

AMi2`@bi�iBQM b2BbKB+ BMi2`72`QK2i`v Bb /2bB;M2/ iQ 2ti`�+i �M 2biBK�i2 Q7 i?2 :`22MǶbkN

7mM+iBQM #2ir22M T�B`b Q7 b2BbKB+ bi�iBQMb Q` `2+2Bp2`bX :2M2`�HHv bT2�FBM;- i?2`2 �`2 irQjy

2bi�#HBb?2/ K2i?Q/b iQ T2`7Q`K i?Bb i�bF- r?B+? r2 rBHH +�HH ǳirQ@bi�iBQM BMi2`72`QK2@jR

i`vǴ �M/ ǳi?`22@bi�iBQM BMi2`72`QK2i`vǴX AM i?Bb T�T2`- r2 �ii2KTi iQ +H�`B7v �M/ BHHmKB@jk

M�i2 i?`22@bi�iBQM BMi2`72`QK2i`v- /Bb+mbb �M/ +?�`�+i2`Bx2 BKTQ`i�Mi p�`B�Mib Q7 i?2 K2i?Q/-jj

�M/ +QKT�`2 i?2 +?�`�+i2`BbiB+b �KQM;bi i?2 p�`B�Mib �M/ iQ irQ@bi�iBQM BMi2`72`QK2@j9

i`v mbBM; /�i� 7`QK i?2 1�`i?a+QT2 h`�MbTQ`i�#H2 �``�v Uh�V BM i?2 laXj8

hrQ@bi�iBQM BMi2`72`QK2i`v Bb i?2 i`�/BiBQM�H K2i?Q/ Q7 ǳ�K#B2Mi MQBb2 BMi2`72`@je

QK2i`vǴ Q` ǳ�K#B2Mi MQBb2 +Q``2H�iBQMǴX Ai Bb i?2 KQ`2 +QKKQMHv �TTHB2/ K2i?Q/ �M/jd

Bb #�b2/ QM � bBM;H2 +`Qbb@+Q``2H�iBQM #2ir22M �K#B2Mi MQBb2 `2+Q`/2/ �i irQ bi�iBQMbX h?2j3

+`Qbb@+Q``2H�iBQM +�M #2 +QMp2`i2/ iQ �M 2biBK�i2 Q7 i?2 :`22MǶb 7mM+iBQM Q7 i?2 K2/BmKjN

B7 i?2 iBK2 b2`B2b Bb HQM; 2MQm;? U2X;X- a?�TB`Q � *�KTBHHQ- kyy9VX AM i?Bb +�b2- QM2 Q79y

i?2 bi�iBQMb �+ib �b � pB`im�H bQm`+2 Q7 i?2 b2BbKB+ 2M2`;v �M/ i?2 Qi?2` �b i?2 `2+2Bp2`X9R

q?2M K�Mv T�B`b Q7 bi�iBQMb �`2 +QMbB/2`2/- Bi Bb i?2 #�bBb 7Q` �K#B2Mi MQBb2 iQKQ;`�@9k

T?v Q7 bm`7�+2 r�p2b- �M/ K�Mv �TTHB+�iBQMb Q7 i?Bb K2i?Q/ ?�p2 2K2`;2/ bBM+2 a?�TB`Q9j

2i �HX Ukyy8Vc a�#`� 2i �HX Ukyy8Vc u�Q 2i �HX UkyyeVX99

h?`22@bi�iBQM BMi2`72`QK2i`v- BM +QMi`�bi- +QMbB/2`b `2+Q`/BM;b 7`QK i?`22 b2BbKB+98

bi�iBQMb �i � iBK2X h?Bb K2i?Q/ i�F2b i?2 +`Qbb@+Q``2H�iBQM #2ir22M `2+Q`/BM;b Q7 �K@9e

#B2Mi MQBb2 �i QM2 bi�iBQM- r?B+? �+ib �b � pB`im�H bQm`+2 �M/ r?B+? r2 +�HH i?2 ǳbQm`+2@9d

bi�iBQMǴ- rBi? `2+Q`/BM;b 7`QK irQ Qi?2` bi�iBQMb- r?B+? �`2 +�HH2/ i?2 ǳ`2+2Bp2`@bi�iBQMbǴX93

h?2b2 irQ +`Qbb@+Q``2H�iBQMb- Q` T�`iB+mH�` b2;K2Mib Q7 i?2K- �`2 i?2M +`Qbb@+Q``2H�i2/9N

�;�BM UQ`- �b /Bb+mbb2/ 7m`i?2` #2HQr- +QMpQHp2/VX ai�+FBM; i?2 `2bmHiBM; r�p27Q`Kb 7`QK8y

K�Mv bQm`+2@bi�iBQMb 7Q` i?2 b�K2 T�B` Q7 `2+2Bp2`@bi�iBQMb T`QpB/2b �M 2biBK�i2 Q7 i?28R

:`22MǶb 7mM+iBQM #2ir22M i?2 irQ `2+2Bp2`@bi�iBQMbX h?Bb K2i?Q/- i?2`27Q`2- Bb #�b2/ QM8k

+`Qbb@+Q``2H�iBQMb T2`7Q`K2/ i?`22 �i � iBK2- r?2`2 i?2 H�bi QM2 ?�b #22M `272``2/ iQ �b8j

i?2 ǳ+Q``2H�iBQM Q7 +Q``2H�iBQMbǴ Uai2?Hv 2i �HX- kyy3V #mi BM +2`i�BM +B`+mKbi�M+2b rBHH89

#2 � +QMpQHmiBQM Q7 +Q``2H�iBQMbX q2 `272` iQ i?Bb K2i?Q/ ;2M2`�HHv bT2�FBM; �b ǳi?`22@88

bi�iBQM BMi2`72`QK2i`vǴ- iQ /BbiBM;mBb? Bi 7`QK i`�/BiBQM�H irQ@bi�iBQM �K#B2Mi MQBb2 K2i?@8e

Q/bX q?2M i?2 }M�H +`Qbb@+Q``2H�iBQM Bb #2ir22M i?2 +Q/�@r�p2 T�`ib Q7 i?2 }`bi irQ +Q`@8d

`2H�iBQMb i?2 K2i?Q/ Bb +QKKQMHv `272``2/ iQ �b i?2 ǳ+Q``2H�iBQM Q7 i?2 +Q/� Q7 +Q``2@83

H�iBQMbǴ Q` C3 Uai2?Hv 2i �HX- kyy3VX8N

ĜkĜ



K�Mmb+`BTi bm#KBii2/ iQ :CA

6B;X R BHHmbi`�i2b bQK2 Q7 i?2 MQi�iBQM BMi`Q/m+2/ BM i?Bb T�T2`X 6Q` irQ@bi�iBQMey

BMi2`72`QK2i`v- r2 /2MQi2 i?2 +`Qbb@+Q``2H�iBQM #2ir22M � T�B` Q7 b2BbKQ;`�Kb Q#b2`p2/eR

�i bi�iBQMb ri �M/ rj �b C2(ri, rj)X qBi? �M �TT`QT`B�i2 T?�b2@b?B7i- C2(ri, rj) +�M #2 +QM@ek

p2`i2/ iQ �M 2biBK�i2 Q7 i?2 :`22MǶb 7mM+iBQM #2ir22M i?2 irQ bi�iBQMb- Ĝ2(ri, rj)- r?2`2ej
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Q7 i?2 BMi2`@bi�iBQM +`Qbb@+Q``2H�iBQMbX h?`22@bi�iBQM /�i� T`Q+2bbBM; �BKb iQ +QKTmi2kjk

i?2 +QKTQbBi2 :`22MǶb 7mM+iBQM #2ir22M T�B`b Q7 `2+2Bp2`@bi�iBQMb #v bi�+FBM; i?2 i?`22@kjj

bi�iBQM BMi2`72`Q;`�Kb Qp2` +QMi`B#miBQMb 7`QK p�`BQmb bQm`+2@bi�iBQMbXkj9

6Q` +QM+`2i2M2bb- +QMbB/2` � `2+2Bp2`@bi�iBQM T�B` (ri, rj) �M/ � b2i Q7 bQm`+2@bi�iBQMb-kj8

{sk}Nk=1- i?�i QT2`�i2 bvM+?`QMQmbHv rBi? #Qi? ri �M/ rj �i H2�bi 7Q` bQK2 iBK2X 6B;Xkje

R# /2TB+ib i?Bb bBim�iBQM- r?2`2 QM2 bQm`+2@bi�iBQM Bb b?QrMX G2i i?2 +Q/�@r�p2 T�`ibkjd

Q7 i?2 irQ@bi�iBQM +`Qbb@+Q``2H�iBQMb #2 /2MQi2/ CCW
2 (sk, ri) �M/ CCW

2 (sk, rj)- �M/ i?2kj3

/B`2+i@r�p2 T�`ib #2 r`Bii2M CDW
2 (sk, ri) �M/ CDW

2 (sk, rj)- r?2`2 i?2 +Q/�@r�p2 �M/kjN

/B`2+i@r�p2 b2;K2Mib �`2 /2}M2/ BM 6B;X kX h?2 i?`22@bi�iBQM /�i� T`Q+2bbBM; T`Q+2/m`2k9y

#`2�Fb BMiQ i?`22 T`BM+BT�H bi2Tb Ub2+iBQMb jXR @ jXjVXk9R

Ĝ3Ĝ
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jXR *QMbi`m+BM; aQm`+2@aT2+B}+ AMi2`72`Q;`�Kbk9k

h?2 }`bi bi2T BM i?`22@bi�iBQM /�i� T`Q+2bbBM; Bb /2pQi2/ iQ +`Qbb@+Q``2H�iBM; Q` +QM@k9j

pQHpBM; b2;K2Mib Q7 i?2 irQ@bi�iBQM +`Qbb@+Q``2H�iBQMbX Ai Bb #`QF2M BMiQ i?`22 +�i2;Q`B2bk99

/2T2M/BM; QM r?2i?2` QM2 +QMbB/2`b i?2 /B`2+i@ Q` +Q/�@r�p2 b2;K2Mib Q7 i?2 irQ@bi�iBQMk98

+`Qbb@+Q``2H�iBQMb �M/ i?2 ;2QK2i`B+�H `2H�iBQMb?BT #2ir22M i?2 `2+2Bp2`@bi�iBQM T�B` �M/k9e

2�+? bQm`+2@bi�iBQMX 6Q` /B`2+i@r�p2b- i?2 ;2QK2i`B+�H `2H�iBQMb?BT Bb bmKK�`Bx2/ BM i2`Kbk9d

Q7 ?vT2`#QHB+ Q` 2HHBTiB+�H bi�iBQM�`v T?�b2 xQM2b U6B;X j#-+VXk93

URV h?2 }`bi +�i2;Q`v Bb- 7Q` 2�+? bQm`+2@bi�iBQM- iQ +QKTmi2 i?2 i?`22@bi�iBQM bQm`+2@k9N

bT2+B}+ BMi2`72`Q;`�Kb #�b2/ QM i?2 +Q/�@r�p2b BM i?2 irQ@bi�iBQM +`Qbb@+Q``2H�iBQMbX h?�ik8y

Bb- +Q``2H�i2 CCW
2 (sk, ri) �M/ CCW

2 (sk, rj) 7Q` �HH sk iQ T`Q/m+2 CCW
3 (ri, rj ; sk) 7Q` 1 ≤k8R

k ≤ N X �M 2t�KTH2 `2+Q`/@b2+iBQM +QMi�BMBM; i?`22@bi�iBQM +Q/�@r�p2 bQm`+2@bT2+B}+k8k

BMi2`72`Q;`�Kb Bb T`2b2Mi2/ BM 6B;X 8�- r?2`2 2�+? i`�+2 Bb 7Q` � b2T�`�i2 bQm`+2@bi�iBQMXk8j

UkV h?2 b2+QM/ +�i2;Q`v Bb iQ +QKTmi2 i?2 i?`22@bi�iBQM bQm`+2@bT2+B}+ BMi2`72`Q@k89

;`�Kb #�b2/ QM i?2 /B`2+i@r�p2b BM i?2 irQ@bi�iBQM +`Qbb@+Q``2H�iBQMb 7Q` i?2 bQm`+2@bi�iBQMbk88

BM i?2 ?vT2`#QHB+ bi�iBQM�`v T?�b2 xQM2bX 6Q` 2�+? bQm`+2@bi�iBQM sk BM i?2 bi�iBQM�`v@k8e

T?�b2 ?vT2`#QH�2 7Q` i?2 `2+2Bp2`@bi�iBQM@T�B`- +`Qbb@+Q``2H�i2 CDW
2 (sk, ri) �M/ CDW

2 (sk, rj)k8d

iQ T`Q/m+2 hypC
CW
3 (ri, rj ; sk)X �M 2t�KTH2 `2+Q`/@b2+iBQM 7Q` i?`22@bi�iBQM /B`2+i@r�p2k83

bQm`+2@bT2+B}+ BMi2`72`Q;`�Kb +QKTmi2/ #v +`Qbb@+Q``2H�iBQM Bb b?QrM BM 6B;X 8#- r?2`2k8N

2�+? i`�+2 Bb 7Q` � b2T�`�i2 bQm`+2@bi�iBQMX 6Q` i?Bb `2+Q`/@b2+iBQM- +`Qbb@+Q``2H�iBQMb �`2key

+QKTmi2/ #�b2/ QM bQm`+2@bi�iBQMb B``2bT2+iBp2 Q7 r?2i?2` i?2v HB2 BM i?2 bi�iBQM�`v@T?�b2keR

?vT2`#QH�2X >Qr2p2`- i?2 ;`22M@b?�/2/ `2;BQMb B/2MiB7v i?2 bi�iBQM�`v T?�b2 xQM2bXkek

UjV h?2 i?B`/ +�i2;Q`v Bb bBKBH�` iQ i?2 b2+QM/- #mi r2 +QKTmi2 i?2 i?`22@bi�iBQMkej

bQm`+2@bT2+B}+ BMi2`72`Q;`�Kb #�b2/ QM i?2 /B`2+i@r�p2b BM i?2 irQ@bi�iBQM +`Qbb@+Q``2H�iBQMbke9

7Q` i?2 bQm`+2@bi�iBQMb BM i?2 2HHBTiB+�H bi�iBQM�`v T?�b2 xQM2X 6Q` 2�+? bQm`+2@bi�iBQM skke8

BM i?2 bi�iBQM�`v@T?�b2 2HHBTb2 7Q` i?Bb `2+2Bp2`@bi�iBQM@T�B`- +QMpQHp2 i?2 /B`2+i@r�p2 T�`ibkee

Q7 C2(sk, ri) �M/ C2(sk, rj) iQ T`Q/m+2 ellC
CW
3 (ri, rj ; sk)X �M 2t�KTH2 `2+Q`/@b2+iBQM 7Q`ked

i?`22@bi�iBQM bQm`+2@bT2+B}+ /B`2+i@r�p2 BMi2`72`Q;`�Kb +QKTmi2/ #v +QMpQHmiBQM Bb b?QrMke3

BM 6B;X 8+- r?2`2 2�+? i`�+2 Bb 7Q` � b2T�`�i2 bQm`+2@bi�iBQMX �b BM 6B;X 8#- +QMpQHm@keN

iBQMb �`2 T`2b2Mi2/ B``2bT2+iBp2 Q7 r?2i?2` i?2 bQm`+2@bi�iBQM HB2b BM i?2 bi�iBQM�`v@T?�b2kdy

2HHBTb2- #mi i?2 ;`22M@b?�/2/ `2;BQM B/2MiB}2b i?2 bi�iBQM�`v T?�b2 xQM2XkdR

ĜNĜ
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*QMpQHmiBQM Q7 i?2 /B`2+i@r�p2 T�`ib Q7 i?2 irQ@bi�iBQM `2+Q`/b r?2M bQm`+2@bi�iBQMbkdk

HB2 BM i?2 2HHBTiB+�H bi�iBQM�`v T?�b2 xQM2 ?�b #22M 7Q`K�HHv DmbiB}2/ #v Qi?2` bim/B2b U2X;X-kdj

>�HHB/�v � *m`iBb- kyyNc *m`iBb � >�HHB/�v- kyRyVX q2 T`QpB/2 � ?2m`BbiB+ �`;mK2Mi 7Q`kd9

BHHmKBM�iBQMX q?2M � bQm`+2@bi�iBQM HB2b `�/B�HHv Qmir�`/ 7`QK � T�B` Q7 `2+2Bp2`@bi�iBQMb-kd8

Bi Bb i?2 iBK2@/Bz2`2M+2 #2ir22M i?2 i`�p2H iBK2b 7`QK i?2 bQm`+2@bi�iBQM iQ i?2 irQ `2+2Bp2`@kde

bi�iBQMb i?�i �TT`QtBK�i2b i?2 i`�p2H iBK2 #2ir22M i?2 irQ `2+2Bp2`@bi�iBQMbX *`Qbb@+Q``2H�iBQMkdd

Q7 irQ `2+Q`/b }M/b i?2 iBK2@/Bz2`2M+2 #2ir22M i?2K- i?2`27Q`2 r?2M bQm`+2@bi�iBQMb HB2kd3

QmibB/2 i?2 `2+2Bp2`@bi�iBQMb Bi Bb i?2 �TT`QT`B�i2 K2i?Q/ iQ �TTHvX AM +QMi`�bi- +QMpQ@kdN

HmiBQMb }M/ i?2 bmK Q7 i?2 iBK2bX q?2M � bQm`+2@bi�iBQM HB2b #2ir22M irQ `2+2Bp2`@bi�iBQMb-k3y

r2 rBb? iQ }M/ i?2 bmK Q7 i?2 iBK2b 7`QK i?2 bQm`+2@bi�iBQM iQ 2�+? `2+2Bp2`@bi�iBQM- bQk3R

i?�i +QMpQHmiBQM Bb i?2 �TT`QT`B�i2 K2i?Q/ iQ �TTHv BM i?Bb +�b2Xk3k

"Qi? i?2 ?vT2`#QHB+ �M/ 2HHBTiB+�H bi�iBQM�`v T?�b2 xQM2b �`2 bi`�B;?i7Q`r�`/ iQ /2@k3j

}M2X �M 2HHBTb2 Bb /2}M2/ �b i?2 HQ+mb Q7 TQBMib r?2`2 i?2 bmK Q7 i?2 /Bbi�M+2b iQ i?2k39

7Q+B Bb +QMbi�MiX G2i dij #2 i?2 ;`2�i@+B`+H2 /Bbi�M+2 #2ir22M i?2 irQ `2+2Bp2`@bi�iBQMb-k38

dki #2 i?2 /Bbi�M+2 #2ir22M � TQBMi sk QM i?2 2HHBTb2 �M/ `2+2Bp2`@bi�iBQM ri- �M/ dkj #2k3e

i?2 /Bbi�M+2 #2ir22M sk �M/ `2+2Bp2`@bi�iBQM rj X h?2M r2 /2}M2 i?2 2HHBTiB+�H bi�iBQM@k3d

�`v T?�b2 xQM2 7Q` K2i?Q/ ellIDW
3 �bk33

dki + dkj ≤ (1 + α)dij , UkV

r?2`2 α ≥ 0 �M/ r2 +?QQb2 α = 10−2X h?mb- B7 bQm`+2@bi�iBQM sk HB2b rBi?BM i?2 2HHBT@k3N

iB+�H bi�iBQM�`v T?�b2 xQM2- i?2 bmK Q7 /Bbi�M+2b 7`QK sk iQ ri �M/ iQ rj Bb H2bb i?�M RWkNy

HQM;2` i?�M i?2 /Bbi�M+2 #2ir22M i?2 `2+2Bp2`@bi�iBQMbXkNR

aBKBH�`Hv- � ?vT2`TQH� Bb /2}M2/ �b i?2 HQ+mb Q7 TQBMib r?2`2 i?2 /Bz2`2M+2 Q7 i?2kNk

/Bbi�M+2b iQ i?2 7Q+B Bb +QMbi�MiX q2 i?2`27Q`2 /2}M2 i?2 ?vT2`#QHB+ bi�iBQM�`v T?�b2 xQM2bkNj

7Q` K2i?Q/ hypIDW
3 �bkN9

|dki − dkj | ≥ (1− α)dij , UjV

r?2`2 α ∈ [0, 1] �M/ �;�BM r2 +?QQb2 α = 10−2X h?Bb K2�Mb i?�i B7 bQm`+2@bi�iBQM skkN8

HB2b rBi?BM i?2 ?vT2`#QHB+ bi�iBQM�`v T?�b2 xQM2- i?2 /Bz2`2M+2 Q7 /Bbi�M+2b 7`QK sk iQkNe

ri �M/ iQ rj Bb ;`2�i2` i?�M NNW Q7 i?2 /Bbi�M+2 #2ir22M i?2 `2+2Bp2`@bi�iBQMbX PM � bT?2`2-kNd

i?2 HQ+mb Q7 TQBMib r?2`2 i?2 /Bz2`2M+2 Q7 i?2 /Bbi�M+2b iQ i?2 7Q+B Bb +QMbi�Mi- ?Qr2p2`-kN3

�TT`QtBK�i2b � ?vT2`#QH� QMHv M2�` i?2 7Q+BXkNN

h?2 bi�iBQM�`v T?�b2 xQM2b +�M #2 /2}M2/ �Hi2`M�iBp2Hv mbBM; �xBKmi?�H �M;H2 θjyy

U6B;X jV BMbi2�/ Q7 αX 6Q` i?2 K2i?Q/b ICW
3 �M/ hypIDW

3 - θ Bb i?2 �M;H2 7`QK i?2 bQm`+2@jyR

ĜRyĜ



K�Mmb+`BTi bm#KBii2/ iQ :CA

bi�iBQM iQ i?2 KB/@TQBMi #2ir22M i?2 `2+2Bp2`@bi�iBQMb U6B;X j�-#V- r?B+? /2}M2b i?2 bHQT2bjyk

Q7 i?2 �bvKTiQi2b Q7 � ?vT2`#QH�X Ai Bb `2H�i2/ iQ α #v cos θ = 1−α- r?2`2 θ ∈ [0, 2π]Xjyj

h?2 /2}MBiBQM Q7 �M;H2 θ 7Q` � ;Bp2M bQm`+2@bi�iBQM 7Q` K2i?Q/ ellIDW
3 Bb KQiBp�i2/ #vjy9

i?2 bvKK2i`v BM 2[bX U9V �M/ U8V #2HQrX hQ /Q bQ- }`bi B/2MiB7v i?2 2HHBTb2 QM r?B+? i?2jy8

bQm`+2@bi�iBQM HB2b rBi? i?2 irQ `2+2Bp2`@bi�iBQMb �b 7Q+BX h?2M }M/ i?2 BMi2`b2+iBQM TQBMijye

#2ir22M i?2 2HHBTb2 �M/ i?2 T2`T2M/B+mH�` #Bb2+iQ` Q7 i?2 HBM2 b2;K2Mi HBMFBM; i?2 irQjyd

`2+2Bp2`@bi�iBQMbX �M;H2 θ Bb i?2 �M;H2 #2ir22M � `2+2Bp2`@bi�iBQM �M/ i?Bb BMi2`b2+iBQMjy3

TQBMiX 6B;X j+ b?Qrb �M 2t�KTH2 Q7 i?Bb BMi2`b2+iBQM TQBMi- #mi /Q2b MQi B/2MiB7v i?2 HQ@jyN

+�iBQM Q7 i?2 bQm`+2@bi�iBQM Q` i?2 2HHBTb2 QM r?B+? Bi HB2bX AM i?Bb +�b2- θ Bb `2H�i2/ iQ αjRy

#v cos θ = 1/(1+α)- r?2`2 θ ∈ [0, π
2 ]X 6Q` i?2 b�K2 α- θ Bb ;2M2`�HHv H�`;2` 7Q` hypIDW

3jRR

i?�M 7Q` ellIDW
3 X Pm` +?QB+2 Q7 α = 10−2 +Q``2bTQM/b iQ � K�tBKBmK θ ≈ 8◦ 7Q` #Qi?jRk

hypIDW
3 �M/ ellIDW

3 XjRj

q2 mb2 2[bX UkV �M/ UjV rBi? α = 10−2 iQ /2}M2 i?2 bi�iBQM�`v T?�b2 xQM2b BM i?BbjR9

T�T2` 7Q` K2i?Q/b ellIDW
3 �M/ hypIDW

3 - `2bT2+iBp2HvX h?2b2 /2}MBiBQMb �`2 +?Qb2M 7Q`jR8

bBKTHB+Biv �M/ #2+�mb2 i?2v �TT2�` iQ T`QpB/2 `2HB�#H2 `2bmHib BM i?2 �TTHB+�iBQMb r2 +QM@jRe

bB/2`X >Qr2p2`- i?2 +?QB+2 Q7 i?2 p�Hm2 Q7 α Bb �/@?Q+ �b Bb Bib 7`2[m2M+v@BM/2T2M/2M+2XjRd

JQ`2 2H�#Q`�i2- T2`?�Tb 7`2[m2M+v@/2T2M/2Mi- /2}MBiBQMb K�v T`Qp2 iQ #2 T`272`�#H2XjR3

h?2 �TT`QtBK�i2 �``Bp�H iBK2- δt- 7Q` K2i?Q/ hypIDW
3 Bb FMQrM U2X;X- u�Q � p�MjRN

/2` >BHbi- kyyNV,jky

δt =
dij
v

cos θ, U9V

7Q` � TH�M2@r�p2 BM � K2/BmK rBi? +QMbi�Mi r�p2 bT22/ v- r?2`2 dij Bb i?2 BMi2`@`2+2Bp2`@jkR

bi�iBQM /Bbi�M+2 �M/ θ Bb b?QrM BM 6B;X j#X h?2 ;`2v HBM2 THQii2/ BM 6B;X 8# Bb 7Q` i?Bbjkk

7Q`KmH�X �M�HQ;QmbHv- i?2 �TT`QtBK�i2 �``Bp�H iBK2 tsum 7Q` K2i?Q/ ellIDW
3 Bb,jkj

tsum =
dij
v

sec θ, U8V

7Q` θ b?QrM BM 6B;X j+X h?2 ;`2v HBM2 THQii2/ BM 6B;X 8+ Bb 7Q` i?Bb 7Q`KmH�Xjk9

jXk ai�+FBM; q2B;?ibjk8

�TT`QT`B�i2 bi�+FBM; r2B;?ib wk Kmbi #2 +QKTmi2/ 7Q` 2�+? bQm`+2@bi�iBQM sk 7Q`jke

2�+? Q7 i?2 i?`22@bi�iBQM K2i?Q/b UICW
3 ,hyp IDW

3 �M/ ellIDW
3 V iQ +QKTmi2 i?2 +QKTQb@jkd

Bi2 :`22MǶb 7mM+iBQMbX h?2 T`BM+BT�H r2B;?i i?�i r2 mb2 Bb iQ b2i wk 2[m�H iQ i?2 `2+BT@jk3

`Q+�H Q7 i?2 `QQi@K2�M@b[m�`2 U`KbV Q7 i?2 MQBb2 BM i?2 +Q/�@r�p2 T�`i Q7 2�+? bQm`+2@jkN

bT2+B}+ BMi2`72`Q;`�K- C3(ri, rj ; sk) 7Q` `2+2Bp2`@bi�iBQMb ri �M/ rj X .2}M2/ BM i?Bb r�v-jjy

ĜRRĜ
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r2 /QrM@r2B;?i 2�+? +QMi`B#miBM; +`Qbb@+Q``2HQ;`�K #v i?2 `Kb Q7 i`�BHBM; MQBb2X q2 /QjjR

MQi- ?Qr2p2`- MQ`K�HBx2 i?2 �KTHBim/2 Q7 i?2 +`Qbb@+Q``2HQ;`�KbX h?2`27Q`2- /QrM@r2B;?iBM;jjk

#v i?2 `Kb Q7 i`�BHBM; MQBb2 Bb �TT`QtBK�i2Hv 2[mBp�H2Mi iQ MQ`K�HBxBM; i?2 �KTHBim/2bjjj

Q7 i?2 +`Qbb@+Q``2HQ;`�Kb i?2M r2B;?iBM; #v T2�F bB;M�H@iQ@`Kb i`�BHBM; MQBb2 `�iBQ UaL_VXjj9

"2+�mb2 i?2 T2�F bB;M�H ;`Qrb �TT`QtBK�i2Hv HBM2�`Hv rBi? i?2 iBK2 b2`B2b H2M;i? Q7 i?2jj8

`2+Q`/b mb2/ iQ +QKTmi2 i?2 +`Qbb@+Q``2H�iBQMb- �M/ `Kb i`�BHBM; MQBb2 ;`Qrb �TT`QtBK�i2Hvjje

�b i?2 b[m�`2 `QQi Q7 i?2 iBK2 b2`B2b H2M;i?- aL_ ;`Qrb �TT`QtBK�i2Hv �b i?2 b[m�`2 `QQijjd

Q7 iBK2 b2`B2b H2M;i? U2X;X- aMB2/2`- kyy9c "2Mb2M 2i �HX- kyydVX h?mb- i?2 mb2 Q7 i?Bb r2B;?i@jj3

BM; b+?2K2 i2M/b iQ �++2Mim�i2 i?2 +QMi`B#miBQM 7`QK HQM;2` +`Qbb@+Q``2H�iBQMb- #mi H2bbjjN

bi`QM;Hv i?�M B7 r2 ?�/ MQi MQ`K�HBx2/ #v T2�F �KTHBim/2 �M/ BMp2`b2Hv #v i?2 `Kb Q7j9y

i?2 i`�BHBM; MQBb2Xj9R

h?2`2 �`2 i?`22 Qi?2` �bT2+ib Q7 i?2 /�i� T`Q+2bbBM; i?�i +�M #2 +QMbB/2`2/ iQ #2j9k

bi�+FBM; r2B;?ibX 6B`bi- 7Q` i?2 /B`2+i@r�p2 i?`22 bi�iBQM K2i?Q/b- r2 QMHv BM+Hm/2 � bQm`+2@j9j

bi�iBQM BM i?2 bi�+F B7 Bi HB2b rBi?BM �M �TT`QT`B�i2Hv /2}M2/ bi�iBQM�`v T?�b2 xQM2- r?B+?j99

Bb `272``2/ iQ �b ;2QK2i`B+�H@r2B;?iBM; BM i?2 AMi`Q/m+iBQMX h?Bb +?QB+2 +�M #2 i?Qm;?ij98

Q7 �b �TTHvBM; #BM�`v r2B;?ib iQ bQm`+2@bi�iBQMb /2T2M/BM; QM i?2B` TQbBiBQM `2H�iBp2 iQj9e

i?2 `2+2Bp2`@bi�iBQMbX a2+QM/- �HbQ �b K2MiBQM2/ �#Qp2- mMH2bb i?2 irQ +QMbiBim2Mi irQ@j9d

bi�iBQM BMi2`72`Q;`�Kb- C2(sk, ri) �M/ C2(sk, rj)- #Qi? ?�p2 aL_ ≥ Ry- i?2 r2B;?i Q7 i?2j93

+Q``2bTQM/BM; i?`22@bi�iBQM BMi2`72`Q;`�K- C3(ri, rj ; sk)- Bb b2i iQ x2`Qc Qi?2`rBb2 Bi Bb mMBivXj9N

h?B`/- 7Q` i?2 +Q/�@r�p2 i?`22 bi�iBQM K2i?Q/- � bQm`+2@bi�iBQM Bb 2t+Hm/2/ B7 i?2 H2M;i?j8y

Q7 2Bi?2` CCW
2 (sk, ri) Q` CCW

2 (sk, rj) Bb H2bb i?�M R8yy b- r?B+? Bb M22/2/ iQ BM+Hm/2 bB;@j8R

M�Hb 7Q` i?2 HQM;2bi bi�iBQM T�B`b U= jyyy FKVXj8k

jXj 1biBK�iBM; *QKTQbBi2 :`22MǶb 6mM+iBQMbj8j

hQ +QKTmi2 i?2 +QKTQbBi2 :`22MǶb 7mM+iBQM- Ĝ(ri, rj)- 7Q` 2�+? Q7 i?2 i?`22@bi�iBQMj89

K2i?Q/b r2 �TTHv i?2 r2B;?i2/ bmK ;Bp2M #v 2[X URV #�b2/ QM i?2 bi�+FBM; r2B;?ib Ub2+@j88

iBQM jXkVX 6B;X e T`QpB/2b bQK2 2t�KTH2b mbBM; i?2 b�K2 T�B` Q7 `2+2Bp2`@bi�iBQMb mb2/j8e

BM i?2 `2+Q`/@b2+iBQMb Q7 6B;X 8X b 6B;X e� T`2b2Mib �M 2t�KTH2 +QKTQbBi2 :`22MǶb 7mM+@j8d

iBQM 7Q` i?`22@bi�iBQM +Q/�@r�p2 BMi2`72`QK2i`v UICW
3 VX 6Q` i?Bb K2i?Q/- MQ bi�iBQM�`vj83

T?�b2 xQM2 Bb M22/2/- bQ +QMi`B#miBQMb 7`QK �HH bQm`+2@bi�iBQMb �`2 BM+Hm/2/ BM i?2 bi�+FXj8N

h?Bb Bb i?2 #H�+F HBM2 BM 6B;X e�- H�#2HH2/ ǳbi�+F �HHǴ- r?B+? Bb +QKT�`2/ iQ i?2 irQ@bi�iBQMjey

�K#B2Mi MQBb2 +`Qbb@+Q``2H�iBQM THQii2/ �b i?2 `2/ HBM2 �M/ H�#2HH2/ IAN
2 X hrQ Q#b2`p�@jeR

iBQMb Q7 MQi2rQ`i?v, 6B`bi- QM2 Q7 i?2 72�im`2b Q7 +Q/�@r�p2 BMi2`72`QK2i`v Bb i?2 i2M@jek

ĜRkĜ
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/2M+v 7Q` i?2 +QKTQbBi2 :`22MǶb 7mM+iBQMb iQ #2 KQ`2 bvKK2i`B+ i?�M 7Q` irQ@bi�iBQMjej

�K#B2Mi MQBb2 K2i?Q/b U2X;X- ai2?Hv 2i �HX- kyy3- �M/ K�Mv Qi?2`bV- �M/ i?Bb Bb �HbQ Q#@je9

b2`p2/ BM i?Bb 2t�KTH2X q2 7QmM/ Bi- ?Qr2p2`- iQ #2 �M �`iB7�+i /m2 iQ i?2 mb2 Q7 bvK@je8

K2i`B+ +QKTQM2Mib Ua?2M; 2i �HX- kyR3VX a2+QM/- i?2 aL_ Q7 i?2 i?`22@bi�iBQM +Q/�@r�p2jee

+QKTQbBi2 :`22MǶb 7mM+iBQM Bb HQr2` i?�M 7Q` i?2 irQ@bi�iBQM `2+Q`/- 2p2M i?Qm;? BM i?Bbjed

+�b2 8R9 bQm`+2@bi�iBQMb +QMi`B#mi2 iQ i?2 i?`22@bi�iBQM BMi2`72`Q;`�KX h?Bb ?B;?HB;?ibje3

�MQi?2` �bT2+i Q7 +Q/�@r�p2 BMi2`72`QK2i`v- BX2X- bB;M�Hb 2K2`;2 7`QK MQBb2 p2`v bHQrHvjeN

�b bQm`+2@bi�iBQMb �`2 BMi`Q/m+2/X �M/- �b +�M #2 b22M BM 6B;X 8�- +QMbiBim2Mi bQm`+2@jdy

bT2+B}+ i?`22@bi�iBQM BMi2`72`Q;`�Kb �`2 ivTB+�HHv p2`v MQBbv bQ i?�i bB;M�Hb +�MMQi #2jdR

/Bb+2`M2/ BM �Mv Q7 i?2KX h?2 BKTHB+�iBQM Bb i?�i +Q/�@r�p2 BMi2`72`QK2i`v +�M TH�v �jdk

mb27mH `QH2 BM �K#B2Mi MQBb2 BMi2`72`QK2i`v QMHv BM i?2 T`2b2M+2 Q7 K�Mv HQM; /m`�iBQMjdj

bQm`+2@bi�iBQMb- mMH2bb KQ`2 bQT?BbiB+�i2/ /�i� T`Q+2bbBM; T`Q+2/m`2b �`2 �TTHB2/ Ub2+iBQMjd9

eXkVX 6Q` +QKT�`BbQM- r2 �HbQ THQi BM 6B;X e� i?2 `2+Qp2`2/ +QKTQbBi2 :`22MǶb 7mM+iBQMjd8

#�b2/ QM bQm`+2@bi�iBQMb i?�i HB2 2t+HmbBp2Hv BM i?2 ?vT2`#QHB+ bi�iBQM�`v T?�b2 xQM2X h?2jde

+?QB+2 Q7 bQm`+2@bi�iBQMb BM i?Bb xQM2 7m`i?2` /2;`�/2b i?2 aL_ Q7 i?2 +QKTQbBi2 :`22MǶbjdd

7mM+iBQM- BM/B+�iBM; i?�i i?2`2 Bb MQ ;2QK2i`B+�H �/p�Mi�;2 iQ +?QQbBM; bQm`+2@bi�iBQMbjd3

BM i?2 2M/@}`2 /B`2+iBQMb BM +Q/�@r�p2 BMi2`72`QK2i`vXjdN

6B;X e# b?Qrb �M 2t�KTH2 +QKTQbBi2 :`22MǶb 7mM+iBQM 7Q` i?`22@bi�iBQM /B`2+i@r�p2j3y

BMi2`72`QK2i`v r?2`2 i?2 bQm`+2@bi�iBQMb HB2 BM i?2 ?vT2`#QHB+ bi�iBQM�`v T?�b2 xQM2 UhypIDW
3 VXj3R

AM i?Bb +�b2- i?2 ;`22M HBM2- r?B+? Bb i?2 bi�+F 7Q` bQm`+2@bi�iBQMb QMHv BM i?2 ?vT2`#QHB+j3k

bi�iBQM�`v T?�b2 xQM2b UH�#2HH2/ ǳbi�+F BM ?vTǴV- Bb i?2 :`22MǶb 7mM+iBQM 2biBK�i2- �M/j3j

i?2`2 �`2 ke bQm`+2@bi�iBQMbX _2i�BMBM; bQm`+2@bi�iBQMb �i �HH �xBKmi?b U#H�+F HBM2V /2@j39

;`�/2b i?2 `2bmHi #v �//BM; T`2+m`bQ`v MQBb2X hrQ +QKK2Mib �`2 rQ`i?v Q7 MQi2 BM +QK@j38

T�`BM; i?2 i?`22@bi�iBQM +QKTQbBi2 :`22MǶb 7mM+iBQM U;`22M HBM2V rBi? irQ@bi�iBQM :`22MǶbj3e

7mM+iBQM U`2/ HBM2VX 6B`bi- i?2 `2H�iBp2 �KTHBim/2b 7Q` i?2 /Bz2`2Mi +Q``2H�iBQM H�;b �`2j3d

KQ`2 bBKBH�` i?�M 7Q` +Q/�@r�p2bX a2+QM/- T`2+m`bQ`v MQBb2 Bb HQr2` 7Q` i?2 i?`22@bi�iBQMj33

2biBK�i2X h?2b2 �`2 #Qi? +QKKQM +?�`�+i2`BbiB+b r?2M +QKT�`BM; irQ@bi�iBQM iQ i?`22@j3N

bi�iBQM :`22MǶb 7mM+iBQMbXjNy

6BM�HHv- 6B;X e+ T`2b2Mib �M 2t�KTH2 +QKTQbBi2 :`22MǶb 7mM+iBQM 7Q` i?`22@bi�iBQMjNR

/B`2+i@r�p2 BMi2`72`QK2i`v r?2`2 i?2 bQm`+2@bi�iBQMb HB2 BM i?2 2HHBTiB+�H bi�iBQM�`v T?�b2jNk

xQM2 UellIDW
3 VX h?2 ;`22M HBM2- r?B+? Bb i?2 bi�+F 7Q` bQm`+2@bi�iBQMb QMHv BM i?2 2HBBT@jNj

iB+�H bi�iBQM�`v T?�b2 xQM2b UH�#2HH2/ ǳbi�+F BM 2HHBTb2ǴV- Bb i?2 +QKTQbBi2 :`22MǶb 7mM+@jN9

iBQM 2biBK�i2- �M/ i?2`2 �`2 d bQm`+2@bi�iBQMbX �b rBi? i?2 ?vT2`#QHB+ bi�iBQM�`v T?�b2jN8
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xQM2- `2i�BMBM; bQm`+2@bi�iBQMb �i �HH �xBKmi?b U#H�+F HBM2V /2;`�/2b i?2 `2bmHi #mi BM i?BbjNe

+�b2 �//b #Qi? T`2+m`bQ`v �M/ i`�BHBM; MQBb2- 2bT2+B�HHv i?2 H�ii2`X AM i?Bb +�b2- iQQ- i?2`2jNd

Bb HQr2` T`2+m`bQ`v MQBb2 7Q` i?2 i?`22@bi�iBQM 2biBK�i2 i?�M 7Q` IAN
2 XjN3

9 .BbT2`bBQM J2�bm`2K2MibjNN

�b T�`i Q7 /BbT2`bBQM K2�bm`2K2Mi- r2 �TTHv irQ �//BiBQM�H [m�HBiv +QMi`QH +`Bi2@9yy

`B�X 6B`bi- 7Q` � /BbT2`bBQM K2�bm`2K2Mi iQ #2 `2i�BM2/- r2 �TTHv � bT2+i`�H aL_ U"2Mb2M9yR

2i �HX- kyydV +`Bi2`BQM iQ i?2 +QKTQbBi2 :`22MǶb 7mM+iBQM- r?2`2 �;�BM aL_ Bb /2}M2/ �b9yk

i?2 T2�F �KTHBim/2 BM i?2 /B`2+i@r�p2 rBM/Qr /BpB/2/ #v i?2 `Kb Q7 i?2 r�p27Q`K BM9yj

i?2 +Q/�@r�p2 rBM/QrX h?�i Bb- �i � ;Bp2M T2`BQ/ i?2 aL_ Q7 i?2 +QKTQbBi2 :`22MǶb 7mM+@9y9

iBQM Kmbi #2 ≥ Ry Q` 2Hb2 i?2 /BbT2`bBQM K2�bm`2K2Mi �i i?�i T2`BQ/ Bb /Bb+�`/2/X a2+@9y8

QM/- 7Q` i?2 /BbT2`bBQM K2�bm`2K2Mi iQ #2 `2i�BM2/- i?2 /Bbi�M+2 #2ir22M i?2 irQ `2+2Bp2`@9ye

bi�iBQMb Kmbi #2 ;`2�i2` i?�M QM2 r�p2H2M;i?X 6Q` 2t�KTH2- B7 i?2 T?�b2 bT22/ Bb jX8 FKfb-9yd

�i ky b T2`BQ/ i?2 `2+2Bp2`@bi�iBQMb Kmbi #2 b2T�`�i2/ #v KQ`2 i?�M dy FKX h?Bb +`Bi2@9y3

`BQM #2+QK2b KQ`2 `2bi`B+iBp2 �b T2`BQ/ BM+`2�b2bX q2 /Q MQi- ?Qr2p2`- �TTHv i?2 QM2@9yN

r�p2H2M;i? +`Bi2`BQM iQ i?2 irQ bQm`+2@`2+2Bp2` +`Qbb@+Q``2H�iBQMbX9Ry

hQ K2�bm`2 7`2[m2M+v /2T2M/2Mi T?�b2 bT22/- r2 �TTHv 7`2[m2M+v@iBK2 �M�HvbBb9RR

U6h�Lc .xB2rQMbFB 2i �HX- RNeNc G2pb?BM � _BixrQHH2`- kyyRc "2Mb2M 2i �HX- kyydVX q29Rk

�bbmK2 i?�i i?2 K2�bm`2/ T?�b2 Q7 � b2BbKQ;`�K �i 7`2[m2M+v ω BM i?2 7`2[m2M+v /Q@9Rj

K�BM 7Q` `2+2Bp2`@bi�iBQMb ri �M/ rj Bb �TT`QtBK�i2Hv UGBM 2i �HX- kyy3V9R9

φij(ω) =
ω

cij
dij +

π

4
+ 2Nπ + φs, N ∈ Z, UeV

r?2`2 dij Bb i?2 /Bbi�M+2 #2ir22M i?2 irQ `2+2Bp2`@bi�iBQMb- π/4 Bb 7`QK i?2 7�`@}2H/ Q`9R8

?B;?@7`2[m2M+v �bvKTiQiB+ �TT`QtBK�iBQM Q7 i?2 "2bb2H 7mM+iBQM- φs Bb �M BMBiB�H T?�b29Re

i2`K- �M/ cij Bb i?2 7`2[m2M+v@/2T2M/2Mi T?�b2 bT22/- r?B+? Bb r?�i r2 �BK iQ K2�bm`2X9Rd

� F2v �bbmKTiBQM ?2`2 Bb i?�i r2 mb2 i?2 BMi2`@`2+2Bp2`@bi�iBQM /Bbi�M+2 BM 2[X UeVX h?Bb9R3

�bbmKTiBQM H2�/b iQ � #B�b2/ K2�bm`2K2Mi 7Q` i?2 i?`22@bi�iBQM /B`2+i@r�p2 K2i?Q/b-9RN

�M/ i?2 M�im`2 Q7 i?Bb #B�b �M/ Bib +Q``2+iBQM Bb /Bb+mbb2/ BM b2+iBQMb 8Xj �M/ eXRX9ky

6Q` irQ@bi�iBQM �K#B2Mi MQBb2 BMi2`72`QK2i`v- I2- φs ≈ 0 ?�b #22M b?QrM i?2Q@9kR

`2iB+�HHv U2X;X- aMB2/2`- kyy9V �M/ 2KTB`B+�HHv U2X;X- u�Q 2i �HX- kyyec GBM 2i �HX- kyy3VX 6Q`9kk

i?`22@bi�iBQM +Q/�@r�p2 BMi2`72`QK2i`v- ICW
3 - φs b?QmH/ �HbQ #2 �TT`QtBK�i2Hv yX >Qr@9kj

2p2`- 7Q` i?`22@bi�iBQM /B`2+i@r�p2 BMi2`72`QK2i`v- IDW
3 - φs rBHH /Bz2` 7`QK y- �M/ i?Bb9k9

BMBiB�H T?�b2 Kmbi #2 i�F2M BMiQ �++QmMi r?2M K2�bm`BM; T?�b2 bT22/X "2+�mb2 +Q``2@9k8
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H�iBQM Q` +QMpQHmiBQM Q7 irQ +QKTQbBi2 :`22MǶb 7mM+iBQMb rBHH /2i2`KBM2 i?2 /Bz2`2M+29ke

Q` bmK Q7 i?2 T?�b2b BM i?2 7`2[m2M+v /QK�BM- `2bT2+iBp2Hv,9kd

φs ≈

⎧
⎪⎪⎨

⎪⎪⎩

π
4 7Q` ellIDW

3 ,

−π
4 7Q` hypIDW

3 .

UdV

h?2 mb2 Q7 i?2b2 p�Hm2b Q7 φs 7Q` IDW
3 Bb i2bi2/ BM b2+iBQM 8X9k3

6B;X d +QKT�`2b 2t�KTH2 7`2[m2M+v@iBK2 U6h�LV /B�;`�Kb 7Q` i?2 irQ@bi�iBQM K2i?Q/9kN

�M/ i?2 i?`22@bi�iBQM K2i?Q/b- 7Q` i?2 irQ `2+2Bp2`@bi�iBQMb Jyd� �M/ JR8�X h?2 7Qm`9jy

/B�;`�Kb �`2 bBKBH�` #mi i?2 /B�;`�Kb 7Q` i?2 irQ /B`2+i@r�p2 K2i?Q/b b?Qr H�`;2` `2H@9jR

�iBp2 �KTHBim/2b �i HQM;2` T2`BQ/b �M/ i?2 +Q/�@r�p2 /B�;`�K ?�b ;`QmT bT22/b i?�i BM@9jk

+`2�b2 MQM@T?vbB+�HHv �i HQM;2` T2`BQ/bX � /2i�BH2/ +QKT�`BbQM Q7 i?2 /BbT2`bBQM K2�@9jj

bm`2K2Mib i?�i 2K2`;2 7`QK i?2 p�`BQmb K2i?Q/b Bb T`2b2Mi2/ BM b2+iBQM 8XkX9j9

8 _2bmHib9j8

hQ p�HB/�i2 �M/ +QKT�`2 i?2 i?`22@bi�iBQM K2i?Q/b r2 `2TQ`i `2bmHib 7`QK i?2 `�r9je

/BbT2`bBQM K2�bm`2K2Mib �M/ 7`QK bm`7�+2 r�p2 iQKQ;`�T?v #�b2/ QM i?2KX hQ T2`7Q`K9jd

iQKQ;`�T?v- r2 �TTHv i?2 2BFQM�H iQKQ;`�T?v K2i?Q/ U2X;X- GBM 2i �HX- kyyNV iQ _�vH2B;?9j3

r�p2 T?�b2 bT22/ K2�bm`2K2Mib Q#i�BM2/ 7`QK i?2 irQ@bi�iBQM �M/ i?`22@bi�iBQM K2i?@9jN

Q/bX q2 2KTHQv i?2 2BFQM�H iQKQ;`�T?v K2i?Q/ `�i?2` i?�M i`�/BiBQM�H iQKQ;`�T?B+99y

K2i?Q/b i?�i KBMBKBx2 � T2M�Hiv 7mM+iBQM�H U2X;X- "�`KBM 2i �HX- kyyRV #2+�mb2 2BFQM�H99R

iQKQ;`�T?v �TTHB2b MQ �/@?Q+ `2;mH�`Bx�iBQM i?�i /2T2M/b QM /�i� +Qp2`�;2X h?Bb bBK@99k

THB}2b +QKT�`BbQM Q7 `2bmHib 7`QK /Bz2`2Mi /�i�b2ib #2+�mb2 i?2v �`2 H2bb �z2+i2/ #v /B7@99j

72`2M+2b BM i?2 MmK#2` �M/ /Bbi`B#miBQM Q7 r�p2 T�i?bX999

8XR :2M2`�H *?�`�+i2`BbiB+b Q7 I3 J2�bm`2K2Mib998

6B;X 3� bmKK�`Bx2b i?2 bT2+i`�H bB;M�H@iQ@MQBb2 `�iBQ UaL_V Q7 2�+? Q7 i?2 7Qm` BM@99e

i2`72`QK2i`B+ K2i?Q/b- �p2`�;BM; Qp2` i?2 2MiB`2 /�i� b2i Q7 /BbT2`bBQM K2�bm`2K2MibX99d

:2M2`�HHv bT2�FBM;- aL_ /2+`2�b2b rBi? T2`BQ/ �M/ i?2 i`2M/b �`2 bBKBH�` #2ir22M I3993

�M/ IAN
2 X h?2 T2�F M2�` ky b T2`BQ/b +Q``2bTQM/b iQ i?2 T`BK�`v KB+`Qb2BbK- r?BH2 i?299N

/BT M2�` ke b T2`BQ/ +Q``2bTQM/b iQ i?2 2tBbi2M+2 Q7 � bT�iB�HHv HQ+�HBx2/ KB+`Qb2BbKB+98y

bQm`+2 U2X;X- a?�TB`Q 2i �HX- kyyeVX 6B;X 3# T`2b2Mib i?2 aL_ `2bmHib `2H�iBp2 iQ i?2 aL_98R

7Q` IAN
2 X h?2 aL_ 7Q` ellIDW

3 Bb bHB;?iHv H�`;2` i?�M 7Q` hypIDW
3 - r?BH2 #Qi? ?�p2 � aL_98k
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KQ`2 i?�M irB+2 i?�i Q7 IAN
2 �+`Qbb � #`Q�/ #�M/rB/i?X AM +QMi`�bi- ICW

3 ?�b � Km+?98j

HQr2` K2/B�M aL_ U< RyV �+`Qbb �HH T2`BQ/bX989

"2+�mb2 aL_ TH�vb i?2 KQbi bB;MB}+�Mi `QH2 BM i?2 [m�HBiv +QMi`QH Q7 /BbT2`bBQM K2�@988

bm`2K2Mib- i?2 MmK#2` Q7 �++2Ti2/ I2 �M/ I3 K2�bm`2K2Mib p�`B2b rBi? T2`BQ/ bBKBH�`98e

iQ aL_ U6B;X N�VX h?2 MmK#2` Q7 �++2Ti2/ I3 K2�bm`2K2Mib +�M #2 /BpB/2/ BMiQ i?`2298d

+�i2;Q`B2b /2T2M/BM; QM r?2i?2` i?2 irQ `2+2Bp2`@bi�iBQMb QT2`�i2/ �i i?2 b�K2 iBK2 UbvM@983
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Q7 i?2 r2bi2`M lMBi2/ ai�i2b 7`QK �K#B2Mi b2BbKB+ MQBb2, _�vH2B;? �M/ GQp23kk

r�p2 T?�b2 p2HQ+Biv K�TbX :2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- RdjURV- k3R@kN3X3kj

/QB, RyXRRRRfDXRje8@k9esXkyy3XyjdkyXt3k9

GBM- 6X@*X- _BixrQHH2`- JX >X- � aMB2/2`- _X UkyyNVX 1BFQM�H iQKQ;`�T?v, am`@3k8

ĜkdĜ



K�Mmb+`BTi bm#KBii2/ iQ :CA

7�+2 r�p2 iQKQ;`�T?v #v T?�b2 7`QMi i`�+FBM; �+`Qbb � `2;BQM�H #`Q�/@#�M/3ke

b2BbKB+ �``�vX :2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- RddUjV- RyNR@RRRyX /QB,3kd

RyXRRRRfDXRje8@k9esXkyyNXy9Ry8Xt3k3

J�- aX- � "2`Qx�- :X *X UkyRkVX �K#B2Mi@}2H/ :`22MǶb 7mM+iBQMb 7`QK �bvM+?`QMQmb3kN

b2BbKB+ Q#b2`p�iBQMbX :2QT?vbB+�H _2b2�`+? G2ii2`b- jNUeV- GyejyRX /QB, Ry3jy

XRykNfkyRR:Gy8yd883jR

S2/2`b2M- >X �X UkyyeVX AKT�+ib Q7 MQM@TH�M2 r�p2b QM irQ@bi�iBQM K2�bm`2K2Mib Q73jk

T?�b2 p2HQ+BiB2bX :2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- Re8URV- kdN@k3dX /QB, Ry3jj

XRRRRfDXRje8@k9esXkyyeXyk3NjXt3j9

_BixrQHH2`- JX >X- � 62M;- GX UkyRNVX Pp2`pB2r Q7 T`2@ �M/ TQbi@T`Q+2bbBM; Q73j8

�K#B2Mi@MQBb2 +Q``2H�iBQMbX AM LX L�F�i�- GX :m�HiB2`B- � �X 6B+?iM2` U1/bXV-3je

a2BbKB+ �K#B2Mi LQBb2X *�K#`B/;2, *�K#`B/;2 lMBp2`bBiv S`2bbX /QB,3jd

RyXRyRdfNd3RRy3ke93y33j3

a�#`�- EX :X- :2`biQ7i- SX- _Qmt- SX- EmT2`K�M- qX �X- � 62?H2`- JX *X Ukyy8VX3jN

am`7�+2 r�p2 iQKQ;`�T?v 7`QK KB+`Qb2BbKb BM aQmi?2`M *�HB7Q`MB�X :2QT?vbB@39y

+�H _2b2�`+? G2ii2`b- jkUR9V- GR9jRRX /QB, RyXRykNfkyy8:GykjR8839R

a?�TB`Q- LX JX- � *�KTBHHQ- JX Ukyy9VX 1K2`;2M+2 Q7 #`Q�/#�M/ _�vH2B;? r�p2b39k

7`QK +Q``2H�iBQMb Q7 i?2 �K#B2Mi b2BbKB+ MQBb2X :2QT?vbB+�H _2b2�`+? G2ii2`b-39j

jRUdV- GydeR9X /QB, RyXRykNfkyy9:GyRN9NR399

a?�TB`Q- LX JX- *�KTBHHQ- JX- ai2?Hv- GX- � _BixrQHH2`- JX >X Ukyy8VX >B;?@398

_2bQHmiBQM am`7�+2@q�p2 hQKQ;`�T?v 7`QK �K#B2Mi a2BbKB+ LQBb2X a+B2M+2-39e

jydU8dR8V- ReR8@ReR3X /QB, RyXRRkefb+B2M+2XRRy3jjN39d

a?�TB`Q- LX JX- _BixrQHH2`- JX >X- � "2Mb2M- :X .X UkyyeVX aQm`+2 HQ+�iBQM Q7 i?2393

ke b2+ KB+`Qb2BbK 7`QK +`Qbb@+Q``2H�iBQMb Q7 �K#B2Mi b2BbKB+ MQBb2X :2QT?vbB+�H39N

_2b2�`+? G2ii2`b- jjUR3V- GR3jRyX /QB, RyXRykNfkyye:GykdyRy38y

a?2M- qX- � _BixrQHH2`- JX >X UkyReVX *`mbi�H �M/ mTT2`KQbi K�MiH2 bi`m+im`2 #2@38R

M2�i? i?2 lMBi2/ ai�i2bX CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?, aQHB/ 1�`i?- RkRUeV-38k

9jye@9j9kX /QB, RyXRyykfkyReC"yRk33d38j

a?2M;- uX- .2MQHH2- JX �X- � "2`Qx�- :X *X UkyRdVX JmHiB+QKTQM2Mi *j :`22MǶb389

6mM+iBQMb 7Q` AKT`Qp2/ GQM;@S2`BQ/ :`QmM/@JQiBQM S`2/B+iBQMX "mH@388

H2iBM Q7 i?2 a2BbKQHQ;B+�H aQ+B2iv Q7 �K2`B+�- RydUeV- k3je@k398X /QB,38e

RyXRd38fyRkyRdyy8j38d

a?2M;- uX- L�F�i�- LX- � "2`Qx�- :X *X UkyR3VX PM i?2 L�im`2 Q7 >B;?2`@P`/2` �K@383

Ĝk3Ĝ
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#B2Mi a2BbKB+ 6B2H/ *Q``2H�iBQMbX CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?, aQHB/ 1�`i?-38N

RkjUNV- dNeN@dN3kX /QB, RyXRykNfkyR3C"yR8Njd3ey

aHQ#- 1X- � q�T2M��`- EX UkyydVX 1H2+i`QK�;M2iB+ :`22MǶb 7mM+iBQMb `2i`B2p�H #v3eR

+`Qbb@+Q``2H�iBQM �M/ +`Qbb@+QMpQHmiBQM BM K2/B� rBi? HQbb2bX :2QT?vbB+�H _2@3ek

b2�`+? G2ii2`b- j9U8V- Gy8jydX /QB, RyXRykNfkyye:GykNyNd3ej

aMB2/2`- _X Ukyy9VX 1ti`�+iBM; i?2 :`22MǶb 7mM+iBQM 7`QK i?2 +Q``2H�iBQM Q7 +Q/�3e9

r�p2b, � /2`Bp�iBQM #�b2/ QM bi�iBQM�`v T?�b2X S?vbB+�H _2pB2r 1- eNU9V-3e8

y9eeRyX /QB, RyXRRyjfS?vb_2p1XeNXy9eeRy3ee

aTB+�- wX- S2`iQM- JX- � "2`Qx�- :X *X UkyRdVX G�i2`�H ?2i2`Q;2M2Biv BK�;2/ #v3ed

bK�HH@�T2`im`2 a+a `2i`B2p�H 7`QK i?2 �K#B2Mi b2BbKB+ }2H/X :2QT?vbB+�H _2@3e3

b2�`+? G2ii2`b- 99UReV- 3kde@3k39X /QB, RyXRyykfkyRd:Gydjkjy3eN

aTB+�- wX- S2`iQM- JX- *�Hǁ- JX- G2;`�M/- .X- *Ʀ`/Q#�@JQMiB2H- 6X- � A;H2bB�b- �X3dy

UkyReVX j@. b?2�` r�p2 p2HQ+Biv KQ/2H Q7 J2tB+Q �M/ aQmi? la, "`B/;BM;3dR

b2BbKB+ M2irQ`Fb rBi? �K#B2Mi MQBb2 +`Qbb@+Q``2H�iBQMb U*RV �M/ +Q``2H�iBQM Q73dk

+Q/� Q7 +Q``2H�iBQMb U*jVX :2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- kyeUjV- RdN8@3dj

R3RjX /QB, RyXRyNjf;DBf;;rk9y3d9

ai2?Hv- GX- *�KTBHHQ- JX- 6`QK2Mi- "X- � q2�p2`- _X GX Ukyy3VX _2+QMbi`m+iBM;3d8

:`22MǶb 7mM+iBQM #v +Q``2H�iBQM Q7 i?2 +Q/� Q7 i?2 +Q``2H�iBQM U*jV Q7 �K#B@3de

2Mi b2BbKB+ MQBb2X CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?- RRjU"RRV- "RRjyeX /QB,3dd

RyXRykNfkyy3C"yy8eNj3d3

u�Q- >X- � p�M /2` >BHbi- _X .X UkyyNVX �M�HvbBb Q7 �K#B2Mi MQBb2 2M2`;v /Bbi`B#m@3dN

iBQM �M/ T?�b2 p2HQ+Biv #B�b BM �K#B2Mi MQBb2 iQKQ;`�T?v- rBi? �TTHB+�iBQM33y

iQ a1 hB#2iX :2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- RdNUkV- RRRj@RRjkX /QB,33R

RyXRRRRfDXRje8@k9esXkyyNXy9jkNXt33k

u�Q- >X- p�M /2` >BHbi- _X .X- � /2 >QQT- JX oX UkyyeVX am`7�+2@r�p2 �``�v iQ@33j

KQ;`�T?v BM a1 hB#2i 7`QK �K#B2Mi b2BbKB+ MQBb2 �M/ irQ@bi�iBQM �M�HvbBb @ AX339

S?�b2 p2HQ+Biv K�TbX :2QT?vbB+�H CQm`M�H AMi2`M�iBQM�H- ReeUkV- djk@d99X /QB,338

RyXRRRRfDXRje8@k9esXkyyeXyjyk3Xt33e

u�Q- >X- p�M /2` >BHbi- _X .X- � JQMi�;M2`- CX@SX UkyRyVX >2i2`Q;2M2Biv �M/33d

�MBbQi`QTv Q7 i?2 HBi?QbT?2`2 Q7 a1 hB#2i 7`QK bm`7�+2 r�p2 �``�v iQKQ;`�@333

T?vX CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?, aQHB/ 1�`i?- RR8U"RkV- "RkjydX /QB,33N

RyXRykNfkyyNC"yydR9k3Ny

w?�M;- CX- � u�M;- sX UkyRjVX 1ti`�+iBM; bm`7�+2 r�p2 �ii2Mm�iBQM 7`QK b2BbKB+3NR

ĜkNĜ
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MQBb2 mbBM; +Q``2H�iBQM Q7 i?2 +Q/� Q7 +Q``2H�iBQMX CQm`M�H Q7 :2QT?vbB+�H _2@3Nk

b2�`+?, aQHB/ 1�`i?- RR3U8V- kRNR@kky8X /QB, RyXRyykfD;`#X8yR3e3Nj

ĜjyĜ
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h�#H2 RX .Bz2`2M+2b UKfbV Q7 _�vH2B;? r�p2 T?�b2 bT22/ K2�bm`2K2Mib 7`QK i?2 I3 K2i?Q/b

+QKT�`2/ iQ I2 #27Q`2 /2@#B�bBM; +Q``2+iBQM

ICW
3

ellIDW
3

hypIDW
3

S2`BQ/ UbV J2�M a. J2�M a. J2�M a.

Ry @yXk jXN @NX3 9X3 RyXd 8Xd

ky yXN RkX8 @RRXe eX9 RjX9 3Xy

jy @ @ @RkX8 RyXN R9X9 RjXk

9y @ @ @RyXN RdX8 RjXk kyXd

8y @ @ @RjXN kjX3 RRX3 kdXR

ey @ @ @RdXy k3Xk NXk jRX9

dy @ @ @R3Xd jyXk 8XR j9X8

3y @ @ @RdXk jRXR RXk jeX8

h�#H2 kX .Bz2`2M+2b UKfbV Q7 _�vH2B;? r�p2 T?�b2 bT22/ K�Tb 7`QK i?2 I3 K2i?Q/b +QKT�`2/

iQ I2

ICW
3

ellIDW
3

hypIDW
3

S2`BQ/ UbV J2�M a. J2�M a. J2�M a.

Ry yXd 9Xe @3X9 9Xj dX8 9Xj

ky @yXe dXe @RkX8 9Xy NXN jXN

jy @ @ @kyXe eXR dX3 eXk

9y @ @ @kNXj RRXj jXR RyXk

8y @ @ @jjXN RdXe yXR ReX8

ey @ @ @jNX3 k8Xy @8Xy kkXk

ĜjRĜ
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h�#H2 jX .Bz2`2M+2b UKfbV Q7 _�vH2B;? r�p2 T?�b2 bT22/ K2�bm`2K2Mib 7`QK i?2 /B`2+i@r�p2

I3 K2i?Q/b +QKT�`2/ iQ I2 �7i2` /2@#B�bBM; +Q``2+iBQM

ellIDW
3

hypIDW
3

S2`BQ/ UbV J2�M a. J2�M a.

Ry @yXy 8X8 yXR dX3

ky RXR dXk yXy NXj

jy yX8 RRX8 @RXR R8Xj

9y @kXj RdXd RX3 kjXd

8y @eX8 k9Xk eXy kNXj

ey @RyXy k3Xy dXy jRXe

dy @RjXj k3X9 9X3 jkXe

3y @R8XR kdX9 RXN jjXy

ĜjkĜ
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6B;m`2b,3N9

6B;m`2 RX LQi�iBQM 7Q` BMi2`72`QK2i`vX U�V hrQ@bi�iBQM BMi2`72`QK2i`vX C2(ri, rj) Bb i?2

+`Qbb@+Q``2H�iBQM #2ir22M T`Q+2bb2/ b2BbKQ;`�Kb `2+Q`/2/ �i `2+2Bp2`@bi�iBQMb ri �M/ rj X h?2 irQ@

bi�iBQM 2biBK�i2/ :`22MǶb 7mM+iBQM- Ĝ2(ri, rj)- +�M #2 /2i2`KBM2/ 7`QK C2 �7i2` �TTHvBM; �M �T@

T`QT`B�i2 T?�b2 b?B7iX _2+2Bp2`@bi�iBQMb ri �M/ rj Kmbi QT2`�i2 bvM+?`QMQmbHvX U#V h?`22@bi�iBQM

BMi2`72`QK2i`vX *`Qbb@+Q``2H�iBQMb #2ir22M b2BbKQ;`�Kb `2+Q`/2/ �i 2�+? bQm`+2@bi�iBQM- sk-

rBi? `2+Q`/b �i `2+2Bp2`@bi�iBQMb- ri �M/ rj - �`2 /2MQi2/ C2(sk, ri) �M/ C2(sk, rj)X .B`2+i@r�p2 Q`

+Q/�@r�p2 T�`ib Q7 i?2b2 `2+Q`/b �`2 +`Qbb@+Q``2H�i2/ Q` +QMpQHp2/ iQ K2�bm`2 i?2 bQm`+2@bT2+B}+

BMi2`72`Q;`�K- C3(ri, rj ; sk)- r?B+? +�M #2 bmKK2/ Qp2` +QMi`B#miBQMb 7`QK K�Mv bQm`+2@bi�iBQMb

iQ T`Q/m+2 i?2 i?`22@bi�iBQM +QKTQbBi2 :`22MǶb 7mM+iBQM- Ĝ3(ri, rj)- #2ir22M i?2 `2+2Bp2`@bi�iBQMbX

_2+2Bp2`@bi�iBQMb ri �M/ rj M22/ MQi QT2`�i2 bvM+?`QMQmbHv rBi? QM2 �MQi?2`- #mi #Qi? Kmbi

Qp2`H�T i?2 QT2`�iBQM Q7 2�+? bQm`+2@bi�iBQMX

ĜjjĜ
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6B;m`2 kX 1t�KTH2 Q7 i?2 /2}MBiBQM Q7 i?2 /B`2+i@r�p2 �M/ +Q/�@r�p2 b2;K2Mib Q7 � irQ@

bi�iBQM +`Qbb@+Q``2H�iBQM Q7 �K#B2Mi MQBb2- C2- 7Q` bi�iBQMb �LJP U�H#m[m2`[m2- LJV �M/ J9d�

U*`QKr2HH- LJV- �i �M BMi2`@bi�iBQM /Bbi�M+2 Q7 ∼RN8y FKX h?2 /B`2+i@r�p2 Bb i?2 b2;K2Mi Q7 i?2

`2+Q`/ #2ir22M iBK2b +Q``2bTQM/BM; iQ ;`QmT bT22/b Q7 k �M/ 8 FKfbX h?2 +Q/�@r�p2 b2;K2Mi

bi�`ib R8y b �7i2` i?2 2M/ Q7 i?2 /B`2+i@r�p2- �M/ 2ti2M/b iQ i?2 2M/ Q7 jyyy bX h?2 bvKK2i`B+

+QKTQM2Mi Q7 i?2 +`Qbb@+Q``2H�iBQM Bb b?QrM U�p2`�;2 Q7 TQbBiBp2 �M/ M2;�iBp2 +Q``2H�iBQM H�;bVX

6B;m`2 jX a+?2K�iB+ BHHmbi`�iBQM Q7 i?2 ;2QK2i`B+�H +QMbi`�BMib QM bQm`+2@bi�iBQMb 7Q` /Bz2`2Mi

K2i?Q/b Q7 i?`22@bi�iBQM BMi2`72`QK2i`vX h?2 irQ `2+2Bp2`@bi�iBQMb �`2 b?QrM rBi? i?2 #m2 �M/

;`22M i`B�M;H2b- �M/ i?2 +B`+H2b �`2 HQ+�iBQMb Q7 Qi?2` bi�iBQMb i?�i K�v �+i �b bQm`+2@bi�iBQMbX

h?Qb2 bi�iBQMb i?�i +�M �+i �b bQm`+2@bi�iBQMb �`2 b?QrM rBi? `2/ +B`+H2b �M/ i?Qb2 +�MMQi rBi?

;`2v +B`+H2bX U�V 6Q` i?`22@bi�iBQM +Q/�@r�p2 BMi2`72`QK2i`v- ICW
3 - �HH bi�iBQMb r?Qb2 QT2`�iBQM

Qp2`H�Tb i?2 irQ `2+2Bp2`@bi�iBQMb +�M �+i �b � bQm`+2@bi�iBQMX U#V 6Q` i?`22@bi�iBQM /B`2+i@r�p2

BMi2`72`QK2i`v rBi? bQm`+2@bi�iBQMb `�/B�HHv QmibB/2 i?2 `2+2Bp2`@bi�iBQMb- hypIDW
3 - bQm`+2@bi�iBQMb

Kmbi HB2 BM bi�iBQM�`v T?�b2 ?vT2`#QH�2 UTm`TH2 b?�/BM;VX U+V 6Q` i?`22@bi�iBQM /B`2+i@r�p2 BMi2`@

72`QK2i`v rBi? bQm`+2@bi�iBQMb #2ir22M i?2 `2+2Bp2`@bi�iBQMb- ellIDW
3 - bQm`+2@bi�iBQMb Kmbi HB2 BM

i?2 bi�iBQM�`v T?�b2 2HHBTb2 UTm`TH2 b?�/BM;VX h?2 �M;H2 θ BM 2�+? +�b2 Bb /2}M2/ BM b2+iBQM j

�M/ mb2/ BM 6B;X 8X

Ĝj9Ĝ
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6B;m`2 9X J�T Q7 bi�iBQMb mb2/ BM i?Bb bim/vX _2/ bi�`b K�`F bi�iBQMb mb2/ BM 6B;b 8 @ d

�M/ R3, Jyd� UaQH/B2` J2�/Qr- LoV �M/ JR8� US`QKQMiQ`v- lhVX U�V h?2 bi�`i /�i2b 7Q` 2�+?

bi�iBQM �`2 +QHQ`@+Q/2/- b?QrBM; � `QHHBM; T�ii2`M 7`QK r2bi iQ 2�biX U#V .m`�iBQM Q7 /2THQvK2Mi

Bb +QHQ`@+Q/2/X JQbi bi�iBQMb �`2 /2THQv2/ �`QmM/ irQ v2�`b rBi? � 72r Km+? HQM;2` 7`QK i?2

la�``�v _272`2M+2 L2irQ`F Unla@_16V �M/ i?2 aQmi?2`M *�HB7Q`MB� a2BbKB+ L2irQ`F U*AVX

Ĝj8Ĝ
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6B;m`2 8X 1t�KTH2 `2+Q`/ b2+iBQMb Q7 i?`22@bi�iBQM BMi2`72`Q;`�Kb 7Q` i?2 `2+2Bp2`@bi�iBQM T�B`

Jyd�@JR8�- r?Qb2 HQ+�iBQMb �`2 b?QrM BM 6B;X 9 X U�V *Q/�@r�p2 BMi2`72`Q;`�Kb UCCW
3 V 7Q`

/Bz2`2Mi bQm`+2@bi�iBQMb THQii2/ �i i?2 �xBKmi? �M;H2 θ b?QrM BM 6B;X j�X U#V .B`2+i@r�p2 BMi2`@

72`Q;`�Kb UCDW
3 V THQii2/ 7Q` bQm`+2@bi�iBQMb �i i?2 �xBKmi? �M;H2 b?QrM BM 6B;X j#X h?2 ;`22M

`2;BQMb �`2 i?2 ?vT2`#QHB+ bi�iBQM�`v@T?�b2 xQM2b 7Q` hypIDW
3 X U+V .B`2+i@r�p2 BMi2`72`Q;`�Kb

UCDW
3 V THQii2/ 7Q` bQm`+2@bi�iBQMb �i i?2 �xBKmi? �M;H2 b?QrM BM 6B;X j+X PMHv TQbBiBp2 iBK2
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