
Abstract

h?2 K�t@KBM 7�B` �HHQ+�iBQM T`Q#H2K- �HbQ FMQrM �b i?2 a�Mi� *H�mb T`Q#H2K- Bb � 7mM@
/�K2Mi�H T`Q#H2K BM +QK#BM�iQ`B�H QTiBKBx�iBQMX :Bp2M � b2i Q7 TH�v2`b P - � b2i Q7
BM/BpBbB#H2 `2bQm`+2b R- �M/ � b2i Q7 MQM@M2;�iBp2 p�Hm2b {vpr}p∈P,r∈R- �M �HHQ+�iBQM Bb �
T�`iBiBQM Q7 R BMiQ /BbDQBMi bm#b2ib {Cp}p∈P bQ i?�i 2�+? TH�v2` p Bb �bbB;M2/ i?2 `2bQm`+2b
BM CpX q2 ?QT2 iQ }M/ � 7�B` �HHQ+�iBQM Q7 `2bQm`+2b iQ TH�v2`b bQ i?�i i?2 r2H7�`2 Q7 i?2
H2�bi Hm+Fv TH�v2` Bb K�tBKBx2/X JQ`2 T`2+Bb2Hv- r2 r�Mi iQ K�tBKBx2 minp

∑
r∈Cp

vprX AM
i?2 `2bi`B+i2/ +�b2 Q7 i?Bb T`Q#H2K- r2 ?�p2 vpr ∈ {vr, 0}X h?�i Bb- 2�+? `2bQm`+2 r ?�b �M
BMi`BMbB+ p�Hm2 vr- �M/ Bi Bb rQ`i? p�Hm2 vr iQ i?Qb2 TH�v2`b r?Q /2bB`2 Bi �M/ p�Hm2 0 iQ
i?Qb2 r?Q /Q MQiX

h?Bb i?2bBb BMp2biB;�i2b i?2 `2bi`B+i2/ +�b2 Q7 i?2 T`Q#H2K- M�K2Hv- i?2 `2bi`B+i2/ K�t@
KBM 7�B` �HHQ+�iBQMX q2 BKT`Qp2 i?2 mTT2` #QmM/ 7Q` i?2 BMi2;`�HBiv ;�T Q7 � r2HH@FMQrM
+QM};m`�iBQM GS r?B+? }M/b �TTHB+�iBQM BM 2biBK�iBM; i?2 QTiBK�H p�Hm2 Q7 i?2 T`Q#H2KX
q2 �HbQ T`QTQb2 irQ TQHvMQKB�H@iBK2 �TT`QtBK�iBQM �H;Q`Bi?Kb i?�i BKT`Qp2 mTQM i?2
bi�i2@Q7@i?2@�`i �TT`QtBK�iBQM `�iBQX qBi? `2;�`/ iQ i?Bb T`Q#H2K- i?2 +QM};m`�iBQM GS Bb
i?2 QMHv GS `2H�t�iBQM FMQrM iQ ?�p2 � +QMbi�Mi BMi2;`�HBiv ;�T- �M/ TH�vb �M BKTQ`i�Mi
`QH2 BM 2biBK�iBM; �M/ �TT`QtBK�iBM; i?2 T`Q#H2KX Pm` }`bi `2bmHi Bb �M BKT`Qp2K2Mi Q7
i?2 mTT2` #QmM/ 7Q` i?2 BMi2;`�HBiv ;�T 7`QK 4 iQ 321

26 X Ai Bb Q#i�BM2/ #v ;BpBM; � iB;?i2`
�M�HvbBb Q7 � HQ+�H b2�`+? �H;Q`Bi?K BM i?2 HBi2`�im`2X >2M+2- #v bQHpBM; i?2 +QM};m`�iBQM
GS- r2 +�M 2biBK�i2 i?2 QTiBK�H p�Hm2 Q7 i?2 T`Q#H2K rBi?BM � 7�+iQ` Q7 321

26 X >Qr2p2`-
�b i?2 HQ+�H b2�`+? Bb MQi FMQrM iQ `mM BM TQHvMQKB�H iBK2- Qm` }`bi `2bmHi /Q2b MQi H2�/
iQ �M 2{+B2Mi �TT`QtBK�iBQM �H;Q`Bi?K i?�i `2im`Mb bQK2 �HHQ+�iBQMX �M QT2M [m2biBQM
Bb r?2i?2` QM2 +�M }M/ �M 2{+B2Mi �TT`QtBK�iBQM �H;Q`Bi?K r?Qb2 �TT`QtBK�iBQM `�iBQ
K�i+?2b i?2 #QmM/ 7Q` i?2 BMi2;`�HBiv ;�TX S`BQ` iQ Qm` rQ`F- i?2 #2bi FMQrM �TT`QtB@
K�iBQM `�iBQ Bb 6 + 2

√
3 + δ r?2`2 δ Bb �M �`#Bi`�`BHv bK�HH +QMbi�MiX Pm` }`bi �H;Q`Bi?K

�+?B2p2b �M �TT`QtBK�iBQM `�iBQ Q7 6 + δX h?2 �H;Q`Bi?K �M/ Bib �M�HvbBb �`2 Tm`2Hv +QK@
#BM�iQ`B�HX Pm` b2+QM/ �H;Q`Bi?K +�M #2 `2;�`/2/ �b � ;2M2`�HBx�iBQM Q7 i?2 Q`B;BM�H HQ+�H
b2�`+? mb2/ BM i?2 BMi2;`�HBiv ;�T `2bmHiX Ai �+?B2p2b � i`�/2@Qz #2ir22M i?2 `mMMBM; iBK2
�M/ i?2 [m�HBiv Q7 bQHmiBQMbX Ai im`Mb Qmi i?�i #v `2H�tBM; i?2 `�iBQ bHB;?iHv iQ 4 + δ- r2
+�M �+?B2p2 � TQHvMQKB�H `mMMBM; iBK2X
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