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ô bfU(ceO�_�PJõ0ö0GJN:÷¦UÖGJN�`æUWøù÷WGJ÷¦KæPJú:û�d0cÕNfü�Oæû�ILö0câýxPJVfþ6U\÷¦ö0cLÿJUÓUWÿJPMIeûfö0cePMN�G�õ0K/GJILüJPJõ�cLö0b�OQd���������a�d	�sb�G\ÿJU$V�UWU\N
[ÓU\IeI�U\d5ö0G�V:IecÕd0bfU\`9ceNØö0bfU�õ0U\÷¦U\NÚö}_:GJd5ö�
��X	�������DPJö	PMN:ILK�ö0b�UWõ0U&U��ÌcÕd5ö��åû:cLö5UlG$ú�UW[!UWøù÷WcLU\Nåö�������a�dWXWö0bfUWõ0UÖGJIed5P
U��fced5ö9GTNåû:O/V�UWõØPJúÓcÕNÚö5UWõ0U\d0ö0ceNfüTG�_�_:IecÕ÷WG�ö0cLPMN�d�
�������DP�[ÖUWÿJUWõRXsIecLgJU�ceN¾ö0bfU�d0cÕNfüMILU¦ýxPJVÌþ5U\÷¦ö0cLÿJU�PJ_�ö0ceOùc �\G�ö0cLPMN
d5ö0û�`:cLU\dWX�ö0bfU�÷¦PMO�_:ûfö0G�ö0cePMN�GJI&ö0ceO�U�NfUWU\`�U\`^ú�PJõ/d0PMILÿ�cÕNfü Oæû�ILö0cLýxPJVÌþ6U\÷¦ö0ceÿJUæPJ_:ö0ceOQc �\G�ö0cLPMN�cÕd�û:d0û�GJIeILK IeG�õ0üJU
ceNQd0PMILÿ�cÕNfüHõ0U\GJIâýx[ÓPJõ�Ie`QPJ_�ö0ceOQc �\G�ö0cePMNQ_�õ0PJV²ILU\OQd!�#"6Nùd5PMIeÿ�ceN�üHd0û�÷�b ÷¦PMO�_:ûfö0G�ö0cePMN�GJIeILK�U��Ì_�U\N:d0cLÿJU$_�õ0PJV²ILU\OQdWX
`�ced0ö5õ�cLV:ûfö5U\` ÷¦PMO�_:ûfö0cÕNfü [�cLö0b Oæû�ILö0ce_:ILU/_:õ0P�÷¦U\d�d5PJõ�dØG�õ0U�PJú�ö5U\N�û:d5U\`^ceN ö0b�U�÷¦PMNåö5U��ÌöHPJúÖd0cÕNfüMILU¦ýxPJVÌþ5U\÷¦ö0cLÿJU
PJ_�ö0ceOùc �\G�ö0cLPMN$�%�DP�[ÖUWÿJUWõ\X,N�PJö Oæû�÷�b d5ö0û:`�cLU\d b�G\ÿJU^V�UWU\N OùGJ`fU¾cÕN û�d�ceNfü.`�cÕd5ö5õ�cLV:û�ö5U\` ÷¦PMO�_:ûfö0cÕNfü.ú�PJõ
Oæû�ILö0câýxPJVÌþ5U\÷¦ö0cLÿJU9PJ_�ö0cÕOQc �\G�ö0cLPMN$��a üJP�P�` õ0UWÿ�ceUW[ PJú<ö0b�U9U��Ìced0ö0ceNfüQd5ö0û�`:cLU\d$÷WGJNTV�U9ú�PMû:N�`TceN&
�����


"6N ö0b�cedÖ_:G�_�UWõ\Xå[ÓU9d0ûfüJüJU\d5ö$Gæ_:G�õ�GJIÕILU\I'�����Öa G�_�_�õ0PMGJ÷�biV:GJd5U\` PMNiNfPMNÌý�`fPMOùceN�G�ö5U\`id5PJõ0ö0ceN�ü)(Øa*��PJõ
��+,(ØaDý�"-".��XÚ[Db�ce÷�bQG�ö5ö5U\O�_�ö0dÖö5P/`�ced0ö5õ�cLV:ûfö5U(ö0bfUDö0GJd5g�PJú'/²N�`�ceNfüØö0bfUDU\NÚö0cLõ�UDYZG�õ0UWö5P�ýxPJ_�ö0ceOQGJI:ú�õ�PMNÚö�GJOQPMNfü
_:G�õ0ö0cÕ÷WcL_:G�ö0ceNfü9_:õ0P�÷¦U\d�d5PJõ�d!� ô b�ced&[(G\KJXÌU\GJ÷�b _�õ�P�÷¦U\d0d0PJõÖcedÖ`fU\d5ö0ceNfU\`Qö5P0/:N:`QGH_:G�õ�ö0ce÷Wû�IeG�õl_²G�õ0ölPJú	G/÷¦PMNåÿJU��
YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJIlú�õ0PMNÚö!��1�cLö0b.ö0bfUQbfU\IL_�PJú$G N�û�OV�UWõHPJúÖö5U\d0ö/_�õ0PJV²ILU\OQdWX�ö0bfUQUWø ÷WGJ÷¦K�PJúÖö0bfUù_�õ0PJ_�PMd5U\`
_�õ0PÌ÷¦U\`�ûfõ�UØcÕd,`fU\O�PMN�d0ö5õ�G�ö5U\`$�
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ô bfUØö0GJd5g PJú}PJ_:ö0ceOQc �\G�ö0cLPMNiõ�UWú�UWõ�d(ö5PQ÷¦PMOQ_:G�õ�ced5PMNiPJú<G�Nåû:O/V�UWõ(PJú<d0PMIeûfö0cLPMN�dÖV�UWú�PJõ�UHG�õ0õ�cLÿÌceNfüæG�ö$ö0bfU9PJ_fý
ö0ceOQGJI:d5PMIeûfö0cLPMN:d!�H+ÌceN�÷¦U$ö0b�U,UWÿoGJIÕû�G�ö0cLPMNQPJú%Gd5PMIeûfö0cLPMNù÷WGJNQV�U,ö0ceO�U¦ý�÷¦PMN:d0û�OQceN�ü�ú�PJõ�õ�U\GJIâýx[ÖPJõ�Ie`�_�õ0PJV²ILU\OQdWX
ö0bfU û�d0U PJúØ`�ced0ö5õ�cLV:ûfö5U\`#÷¦PMO�_:ûfö0cÕNfü�b�GJd�GJIL[(G\KÌd�V�UWU\N G�OQG�þ6PJõ�ö0b�õ�û�d5ö�ceN ö0bfU G�õ0U\G^PJú�PJ_�ö0ceOùc �\G�ö0cLPMN$�
ô b�û�dWXZcLö�ced�NfUWU\`�ILU\d0dæö5P�õ0U\ceö5UWõ�G�ö5Uiö0bfUTceO�_�PJõ0ö0GJN�÷¦U PJú�`�cÕd5ö5õ�cLV:û�ö5U\`.÷¦PMO�_:û�ö0ceNfü^ceN.ö0b�Ui÷WGJd0UTPJú�Oæû�ILö0câý
PJVÌþ5U\÷¦ö0cLÿJUØPJ_�ö0ceOQcI�\G�ö0cLPMN$�J"6Nùú�GJ÷¦öWXÌö0bfUØceO�_�PJõ0ö0GJN�÷¦U�ced�UWÿJU\N üJõ0U\G�ö5UWõ,cÕNùOæû�ILö0câýxPJVÌþ5U\÷¦ö0cLÿJU�PJ_�ö0ceOQcI�\G�ö0cLPMNQú�PJõ
ö0bfUHú�PMIeILP�[DceNfüæõ0U\GJd5PMN��


1 cLö0b ö0bfU9ceN�÷¦õ0U\GJd5U�PJú	ö0bfUØNåû:O/V�UWõÓPJú	PJVÌþ5U\÷¦ö0cLÿJU\dWXÌö0bfUØ`�ceO�U\N�d�cLPMN�PJú	ö0bfU�ö5õ�ûfUØYZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI�ú�õ0PMNåö
ceN�÷¦õ�U\GJd5U\d!�$KfPJõGL/M�ÌU\`�N�û�O/V�UWõ�N PJú�õ�GJN�`�PMOQILK ÷¦õ0U\G�ö5U\`#d5PMIeûfö0cePMN�dØceN^GJN^PJVÌþ6U\÷¦ö0ceÿJUùd5_:GJ÷¦UPORQTSU
 VXWZY[�xX
ö0bfU�_�õ�PJ_�PJõ�ö0cLPMN¾PJúÓd5PMIÕûfö0cLPMN�dØceN^ö0bfUQN�PMNÌý�`fPMOQceN:G�ö5U\`^ú�õ0PMNåöHcedØ_:IePJö5ö5U\`�ceN\KZcLüMûfõ0U]Y^� ô b�U_/:üMûfõ0U�d0bfP�[Dd
bfP�[7��û�ce÷�g�IeKTö0bfUæd�c �WU�PJúlö0bfU�NfPMNÌý�`fPMOQcÕN�G�ö5U\` ú�õ0PMNåö9ceN�÷¦õ0U\GJd5U\d�[DcLö0b ö0bfU�N�û�O/V�UWõ�PJúlPJVÌþ5U\÷¦ö0cLÿJU\d!�`1 bfU\N
ö0bfU ö0GJd5g#cÕd/ö5P�/:N�`#G¾[Dce`fU\ILKåý�`�ced0ö5õ�cLV:ûfö5U\`^d5UWö�PJúDd0PMIeûfö0cLPMN�d/PMN ö0bfU U\Nåö0cLõ0UiYZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI(ú�õ0PMNåöWXZö0bfU
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Number of objectives, M
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N�û�O/V�UWõlPJú	d0PMIeûfö0cLPMN�d�NfUWU\`fU\`Qö5Pæõ0UW_�õ�U\d5U\NÚöÖG/IeG�õ0üJU¦ý�`:ceO�U\N�d0cePMN�GJIfd0ûfõ0ú�GJ÷¦U�cÕd�GJIed5PIeG�õ0üJU#� ô b�ced&õ0UZ��û�cLõ�U\dlGJN
������a ö5P�û�d5U�G/IeG�õ0üJU�_�PJ_:û�IeG�ö0cePMN�d0c �WUJX�ö0bfUWõ0UWV�KQceN�÷¦õ0U\GJd0cÕNfüHö0bfU�PRÿJUWõ�GJIeI�÷¦PMO�_:û�ö0G�ö0cLPMN�GJI²ö0ceO�U#� ô båû�d\XÚcLö
ced,GJIÕI	ö0bfU/OQPJõ0UNfU\÷¦U\d�d0G�õ0Kiö5P û�d0U/Gù`�cÕd5ö5õ�cLV:û�ö5U\`T÷¦PMO�_:ûfö0ceN�ü�U\NÚÿÌcLõ0PMN�OQU\NÚö,ú�PJõ�d0PMILÿ�cÕNfüQOû:ILö0câýxPJVÌþ5U\÷¦ö0cLÿJU
_�õ0PJV²ILU\OQd!�


a üJPåPÌ`i`fU\d0÷¦õ�cL_:ö0cLPMNQPJú<`�c��UWõ0U\NÚöÓ_:G�õ�GJIÕILU\I ������a ceO�_:ILU\OQU\NÚö0G�ö0cLPMN:dÖcedÓ_�õ�U\d5U\NÚö5U\`iceN�
����� � PMd5ö(_:GJd5ö
d5ö0û�`:cLU\dHb�GRÿJU OQGJ`fU G d5ö5õ�GJcLüMbåö5ú�PJõ0[ÓG�õ�`!U��Ìö5U\N�d0cLPMN�PJú(_:G�õ�GJIeILU\I ��a d5ö0û:`�cLU\dHceN�d0PMILÿ�cÕNfü Oû:ILö0câýxPJVÌþ5U\÷¦ö0cLÿJU
PJ_�ö0ceOùc �\G�ö0cLPMN _�õ0PJV:IeU\OQd!� ô bfU9d5ö0û�`�cLU\dÓO�PMd5ö0IeK ÷¦PMN�÷¦U\Nåö5õ�G�ö5UHPMNiö0bfõ�UWUØ`:c��UWõ�U\NÚö$G�_�_�õ�PMGJ÷�bfU\d�����c �ÖOQGJd0ö5UWõ5ý
d0IeGRÿJU O�PÌ`fU\I�X ��cÕc ��ced0IeGJN:`�O�P�`�U\I�X	GJN�` ��cecÕc ��`�c�%û�d0cLPMN^O�PÌ`fU\I��$"6N�ö0bfU OQGJd5ö5UWõ5ý�d�IeG\ÿJU O�P�`�U\I�X%PMNfU OùGJd5ö5UWõ
_�õ0PÌ÷¦U\d0d5PJõDõ�û�N�dÓö0bfU0�����Öa GJN�` d0IeG\ÿJU/_�õ0PÌ÷¦U\d0d5PJõ�d$G�õ0Uû�d5U\`iú�PJõ,UWÿoGJIÕû�G�ö0cLPMNT_:û�õ0_�PMd5U\d(PMN�ILK#�M1 cLö0bTd0û�÷�b
G!O�PÌ`fU\I�X&ö0b�U ÷¦PMO�_:ûfö0G�ö0cePMN�GJI,ö0ceOQU ÷WGJN V�UTU��Ì_�U\÷¦ö5U\` ö5P.V�UTõ0U\`�û:÷¦U\` G�ö O�PMd0öQVåK���ö0ceO�U\d�[Dceö0b��
_�õ0PÌ÷¦U\d0d5PJõ�d!� ô bfUid5PMIeûfö0cLPMN:d/PJV�ö0GJcÕNfU\` VåK#ö0b�cedæ_�õ0PÌ÷¦U\`�ûfõ0U [ÓPMû�Ie`#V�Uiö0bfUTd0GJOQUiGJd�ö0b:G�öæ[�cLö0b G¾d�ceNfüMILU
_�õ0PÌ÷¦U\d0d5PJõRXÓU��f÷¦UW_�öTö0b�G�öTö0b�U^÷¦PMOQ_:ûfö0G�ö0cLPMN�GJIØö0cÕO�U [�ceIeI�V�U^d0OQGJIÕILUWõZ�%"ÏN�ö0bfU!ced�IeGJN�` OQP�`fU\IxXÓ`�c���UWõ0U\Nåö
������a�d}G�õ0UÖõ�û�N9PMNæ`�c��UWõ0U\Nåö	_�õ0PÌ÷¦U\d0d5PJõ�d}GJN�`d5PMO�U�d5PMIÕûfö0cLPMN�d ��÷WGJIÕILU\`Hö0bfUÓOQcLüJõ�G�ö0cePMNHõ�G�ö5U��	G�õ0UÖOQceüJõ�G�ö5U\`
V�UWö�[ÓUWU\N _�õ0PÌ÷¦U\d0d5PJõ�dæG�ú�ö5UWõQUWÿJUWõ0K ú�UW[ üJU\NfUWõ�G�ö0cLPMN�d ��÷WGJIÕILU\` ö0bfU OQcLüJõ�G�ö0cePMN#ú�õ0UZ��ûfU\N�÷¦K,�	� ô bfUT`�c�%û�d0cLPMN
O�PÌ`fU\I&cedHG /:NfU¦ýxüJõ�GJceN�U\`!G�_�_�õ0P �ÌcÕOQG�ö0cLPMN^PJú(ö0bfUùced�IeGJN�`^O�PÌ`fU\I��$"Ïö/ced9ö0bfU ced0IeGJN�`^O�PÌ`fU\IZPMN.[Db�ce÷�b^PMûfõ
_�õ0PJ_�PMd5U\`TG�_:_�õ0PMGJ÷�b ced(V:GJd5U\`�� ô bfUHced0IÕGJN�`iO�P�`�U\I%_�õ0P�ÿ�ce`�U\d$GQNåû:O/V�UWõ$PJú���U��ÌceV:ceIecLö0ceU\d�ö5PQV�U9ö5õ�ceU\`��
Y^� KZcLõ�d0öWX�U\GJ÷�b�_�õ0PÌ÷¦U\d0d5PJõ9÷WGJN�V�U�d5_�U\÷Wc /:÷WGJIeIeK GJd0d0cLüMNfU\`¾ö5P d5U\G�õ�÷�b�Gi_:G�õ0ö0cÕ÷Wû�IeG�õ�_�PJõ�ö0cLPMN¾PJú�ö0bfU�U\Nåö0cLõ0U
d5U\G�õ�÷�b d0_:GJ÷¦U#���(G�õ0U!d0b�PMû�Ie`�V�U¾ö0G�gJU\N ö5P U\N�d0û�õ0U^ö0b�G�ö NfP ú�U\GJd0cLV:ILU�d5U\G�õ�÷�b d5_²GJ÷¦U.cedTILUWú�öiPMûfö ceN
ö0bfUTGJd0d�cLüMN�O�U\Nåöú�PJõQGJIeIÖ_�õ0PÌ÷¦U\d0d5PJõ�dZ�B+fceN�÷¦UùU\GJ÷�b _�õ0PÌ÷¦U\d0d5PJõ�[ÓPJõ0gÌd�PMN G¾d�OQGJIeILUWõ�d5U\G�õ�÷�b õ0UWüMcLPMN%X&G
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ö0bfU/÷¦PMN:`�cLö0cLPMNiú�PJõDG ����W�� ��ý�`fPMOQceN�GJN:÷¦UP��[DcLö0b��bq Y �(V�UWöv[ÖUWU\N ö�[ÓP d5PMIÕûfö0cLPMN�dWXfGJdDú�PMIeIePR[Dd��
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Q :�< TTQ#j�Q.��l = < > Wml = C > �
	�� R ���J�


�(GJd5U\`HPMNHö0bfU\d5U�÷¦PMN�`:cLö0cLPMN�d�ú�PJõ��Qý�`fPMOùceN�GJN�÷¦UlGJN�` ��� W�� ��ý�`fPMOQcÕN�GJN�÷¦UJXRG,÷¦PJõ�õ0U\d5_�PMN�`�ceN�üÓNfPMNfý�`fPMOQceN�G�ö5U\`
GJN�` G/YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI�d0UWöÓ÷WGJN GJIed5PHV�U�ce`fU\Nåö0c /�U\`$�J��PR[ÓUWÿJUWõ\XfcLú�ö0bfU�G�V�P�ÿJU�[ÓU\G�gQ`fPMOQceN:GJN�÷¦UD÷¦PMN�`�ceö0cLPMN�d
G�õ0Uùû:d5U\`%X�ö0bfUQPJV�ö0GJcÕNfU\`�d5UWöH[ÓPMû�Ie`^V�UQGTd5ö5õ�cÕ÷¦öHNfPMNÌý�`fPMOQcÕN�G�ö5U\`^PMNfU#����PR[ÓUWÿJUWõ\XZcLúÖGJNåK^PMNfU�PJú(ö0bfUQceNÌý
`fU�� ú�û�N:÷¦ö0cLPMN�d(cedÓõ0U\d5ö5õ�cÕ÷¦ö5U\`iú�PJõ,ö0b�UØd0ö5õ�ce÷¦ö$ceNfUZ��û�GJIecLövKù÷¦PMN�`�ceö0cLPMN%XÌG�[ÖU\G�giNfPMNÌý�`fPMOùceN�G�ö5U\` ú�õ�PMNÚö$[DcÕIeI:V�U
ú�PMû�N�`$��
�?� ���)� �)�N�fab*Fc �#"��e`+��*,"�%('�') +*,��-!�
"6NTö0b�ced$G�_�_:õ0PMGJ÷�b 
 Y[�xX:G�[ÓU\cLüMbÚö5U\` ú�û:N�÷¦ö0cLPMNiPJú<ö0bfUHPJVÌþ5U\÷¦ö0cLÿJU\dDcÕd$`fU!/:NfU\` GJd,ú�PMIeIePR[Dd��


� Q ���H��l��.� 2 O Q ��l ��� 68B :�<! B#": Q�$ Q B O B ��l �	W / 27Y^W � W
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[DbfUWõ�U $ Q B cÕd9ö0bfUùGJO�PMû:NÚöHPJú(üMGJceN.ceN^ö0bfU 0Jýxö0b!PJVÌþ5U\÷¦ö0cLÿJUùú�û�N�÷¦ö0cePMN^ú�PJõæG ILPMd0d9PJúÓPMNfUùû:N�cLö9ceN�ö0bfU /�ýxö0bPJVÌþ5U\÷¦ö0cLÿJUHú�û�N�÷¦ö0cLPMN�� ô bfU9G�V�P�ÿJUd5UWö$PJú<UZ��û�G�ö0cLPMN�d$õ�UZ�åû�ceõ0U�/M�ÌcÕNfüö0b�UHOQG�ö5õ�c � � Xf[Db�cÕ÷�bib�GJd,G�PMN�UHceNTcLö0d
`�ceG�üJPMN:GJIsU\IeU\O�U\NÚö0dZ���DP�[HX�[ÖUQ`fU!/²NfUæGi`�c���UWõ0U\Nåö9`fPMOQceN:G�ö0cLPMN ÷¦PMN:÷¦UW_�ö9ú�PJõ9OQcÕN�ceOQc �\G�ö0cePMN _�õ�PJV:ILU\OQd�GJd
ú�PMIeILPR[�d!�ab�(' ")� `+��*," �*),+.-#/1032�4�-#5 l = < >76 -#894�5;:<2>=�+?:#5;-@2�A3=�BC+�-#/10D2�4�-<5 l = C >�E 4 F � Q-���H��l = < > �.� q � Q.���H��l = C > �.� F.-#BG:</H// 2=Y^W � W


R;R;R
W%� :#5 6 2�A3=I+J2�BJ4�K�2L4�5M=%N.0O:#/14�2�PQ4R+S+.:<2�4R+�T�= 6 :@2L/U=�:V+�2MF�-#B-#5M=9-XW�Y.=%KZ2�4�[#=Z\







{^�fk�q�k�|z|�t6|Ìß�po|�uxw�Ô�à<�RÛ�t6yÏuxw�Ü¦tlÞ�Ü¦��|�p�uxw���m�k�q���{sn�n�qx��k�y�� �
�}UWöQû�d�ceIeIeû�d0ö5õ�G�ö5U ö0b�Ui÷¦PMN:÷¦UW_�öQú�PJõ�ö�[ÓP ��� 2 �J�PJVÌþ6U\÷¦ö0ceÿJUTú�û�N:÷¦ö0cLPMN�dWXZGJd�[ÖU d�b�GJIeI(O�PÌ`�cLú�K�ö0b�ced


G�_�_�õ�PMGJ÷�b ú�PJõ�`�ced5ö5õ�ceV:ûfö5U\`i÷¦PMO�_:ûfö0cÕNfü�PJúlYZG�õ0UWö5P�ýxPJ_�ö0ceOQGJI<d5PMIeû�ö0cLPMN�d!� ô b�U9ö�[ÓP [ÓU\cLüMbåö5U\` ú�û�N�÷¦ö0cLPMN:d,G�õ0U
GJd,ú�PMIeILP�[Dd��


� < ��O < W O C � 2 O < � $ < C O C W � Y!V �
� C ��O < W O C � 2 $ C < O < � O C R � Y#Y �


ô bfUHG�V�P�ÿJUHUZ�åû:G�ö0cLPMN�dD÷WGJN GJIed5PQV�UØ[,õ�cLö5ö5U\N GJd


� 2�� Y $ < C
$ C < Y�� � W PJõ\X � 2 � � R � YZ�J�


KZcLüMûfõ0U&�M��V'� d�bfPR[Dd ö0bfU�÷¦PMNÚö5PMûfõ¾IeceNfU\di÷¦PJõ0õ�U\d5_�PMN�`�ceNfü#ö5P ö0bfU!G�V�PRÿJU!öv[ÖP IeceNfU\G�õiú�û�N�÷¦ö0cLPMN�d _:GJd�d0ceNfü
ö0bfõ0PMû�üMb!G d5PMIÕûfö0cLPMN�a ceN�ö0bfUùPJVÌþ6U\÷¦ö0ceÿJU d5_:GJ÷¦U#�<a�IÕIld5PMIeûfö0cePMN�d9ceN�ö0bfU b�G�ö0÷�bfU\`#õ0UWüMcLPMN.G�õ0U `fPMOùceN�G�ö5U\`
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� � ��Î�ÈÚÎW���ot�qxt6~�wz��mo�:�����$w�m�k�uxt6���W�l����|�pRuxwz��m${�R�ek��åux�ot��R���$w�m�k0uxt5��qxtÏ~�w���m(p���w�mo~sux��t�po��pok�|R��tvÒ�mow�uxw���m��R�L�J�Úux��t%�����$wzmok�uxt5�
qxt6~�wz��m9po��w�mo~(��tÏÒomow�uxw���m��×


V�K¾a�GJ÷W÷¦PJõ�`�ceN�üTö5P ö0bfUQG�V�PRÿJU `fU!/:N�cLö0cePMN PJú$`fPMOQcÕN�G�ö0cLPMN$�'"vöced9ceNåö5UWõ0U\d5ö0ceNfüiö5P N�PJö5UQö0b�G�ö9[DbfU\N�û:d0ceNfü
ö0bfUØû�d0û�GJI²`fU!/:N�ceö0cLPMN�PJú	`fPMOQcÕN�G�ö0cLPMN � KZcLüMû�õ0U �M��G �.��Xfö0bfU�õ0UWüMcLPMNiOQG�õ0gJU\` V�KQGbfPJõ�c �WPMNÚö0GJI�GJN�` G/ÿJUWõ�ö0ce÷WGJI
IeceN�U[DcÕIeI<V�U�`fPMOùceN�G�ö5U\`^V�K¾a0� ô b�û�dWX%cLöHced9÷WIeU\G�õHú�õ�PMO ö0bfU\d5U /�üMû�õ0U\dØö0b�G�öHö0bfUQOQP�`�cI/�U\`^`fU!/:N�cLö0cePMN PJú
`fPMOQcÕN�G�ö0cLPMNQGJIeIePR[DdÖG/IeG�õ0üJUWõÓõ0UWüMcLPMNùö5PV�U\÷¦PMO�U�`fPMOQceN:G�ö5U\`�VåKQGJNåKQd5PMIeû�ö0cLPMN�ö0b�GJN ö0bfU�û:d0û�GJI�`fU!/²N�cLö0cLPMN$�
"ÏöDced,GJIed0PùceNåö5UWõ0U\d5ö0ceNfüùö5Pùõ0U\GJIecI�WU9ö0b�G�ö�d0cÕN�÷¦U/GQIeG�õ�üJUWõDõ0UWüMcLPMN ced,NfP�[ `fPMOùceN�G�ö5U\`%Xfö0bfUæ÷¦PMO�_:ILUWö5UY<G�õ�UWö5P�ý
PJ_�ö0ceOùGJI:ú�õ0PMNåö���GJd(_�UWõÓö0bfUØPJõ�cLüMceN:GJI²`fPMOùceN�G�ö0cLPMN `fU!/:N�cLö0cePMN �&OQGRK NfPJö(V�U�N�PMNÌý�`fPMOQceN:G�ö5U\` GJ÷W÷¦PJõ�`�ceNfüæö5P
ö0b�cedZNfUW[ `fU!/²N�cLö0cLPMNPJú²`fPMOùceN�G�ö0cLPMN$�^KfPJõ&ö0bfU,d�GJO�U(ÿoGJIeû�UÖPJú�ö0bfU$OQG�ö5õ�c � � ceN/ö0b�U$ö�[ÓP�ýxPJVÌþ6U\÷¦ö0ceÿJU,ú�û:N�÷¦ö0cLPMN
ceIeIÕû�d5ö5õ�G�ö0cLPMN � K<ceüMûfõ0U)�M��V'�.��X�ö0bfU�õ0U\d0û�ILö0cÕNfüùNfPMNÌý�`�PMOQceN�G�ö5U\` ú�õ�PMNÚöØcedØ`fUW_:ce÷¦ö5U\`¾ceN�KZcLüMûfõ0U�� � ô b�ced /�üMûfõ0U
d0bfP�[Ddö0b�G�ö/õ0UWüMcePMN�dN�U\G�õö0bfU ceN�`�ceÿ�ce`:û�GJIZ÷�b�GJO�_²cLPMN�d/G�õ�U NfP�[�NfPJö�NfPMNÌý�`�PMOQceN�G�ö5U\`$��"vöæced/÷WILU\G�õæú�õ0PMO
ö0b�ced /�üMûfõ0U ö0b�G�ö�d5PMO�U _�PJõ�ö0cLPMN ��d0b�PR[DN#VåK!G ö0b�ceN#÷¦PMNÚö0cÕNåûfPMû:d÷Wûfõ�ÿJU��9PJú$ö0bfUiYZG�õ0UWö5P�ýxPJ_�ö0ceOùGJIÖõ�UWüMcLPMN
ced�`fPMOQceN�G�ö5U\` VåKTG O�U\O/V�UWõ�ceN ö0bfUæOQce`�`:ILUØ_�PJõ�ö0cLPMNTPJú&ö0bfUæY<G�õ�UWö5P�ýxPJ_�ö0ceOQGJIsõ0UWüMcLPMN ��d0bfP�[DN V�K GQV�PMIe`
÷Wûfõ0ÿJU��	� ô b�û�dWXÚGJN ������a ced�U���_�U\÷¦ö5U\` ö5P0/²N�`�PMN�ILK�ö0b�U�OQce`:`�ILU(_�PJõ0ö0cLPMNQPJú%ö0b�U�YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI²õ�UWüMcLPMN%X
ö0bfUWõ0UWV�K V²ceGJd0ceNfü ö0bfU�d5U\G�õ�÷�b ö5PR[(G�õ�`�dTG _²G�õ0ö0ce÷Wû�IeG�õ õ0UWüMcLPMN PJúö0bfU�YZG�õ0UWö5P�ýxPJ_�ö0ceOQGJIHú�õ0PMNåö!� ô b�û�dWXÓVåK
÷�b�PåPMd0cÕNfü�G�_�_�õ0PJ_�õ�ceG�ö5U�ÿ�GJIeûfU\dÓú�PJõ$ö0bfUØU\ILU\O�U\Nåö0d(PJú}ö0bfUHOùG�ö5õ�c � � XfGæ_:G�õ0ö(PJúsö0bfU9Y<G�õ�UWö5P�ýxPJ_�ö0ceOQGJI%õ�UWüMcLPMN
÷WGJN^V�U/U\O�_²b�GJd0c �WU\`$�'"6N ö0b�Uú�PMIeILP�[DceNfü d0ûfV:d5U\÷¦ö0cePMN%X²[ÓU�U���ö5U\N:` ö0b:ced�üMû�ce`fU\`¾`fPMOQceN:G�ö0cLPMN G�_�_:õ0PMGJ÷�b^ú�PJõ
GQ`�cÕd5ö5õ�cLV:û�ö5U\` ÷¦PMO�_²ûfö0ceNfü�PJúZYZG�õ0UWö5P�ýxPJ_�ö0ceOQGJIsd5PMIeûfö0cePMN�d!��
��� �  +*,'7*U����� %('�') g*U��-!�
ô bfU,cÕ`fU\G�PJú�`:ced5ö5õ�cLV²ûfö5U\`÷¦PMOQ_:ûfö0ceNfü9cedZö5PGJIeILPÌ÷WG�ö5UDG9_�õ0PÌ÷¦U\d0d5PJõlGHö0GJd5g�PJú /:N:`�ceNfüØGØ_:G�õ0ö0ce÷Wû:IeG�õ&õ0UWüMcLPMN�PJú
ö0bfU�Y<G�õ�UWö5P�ýxPJ_�ö0ceOQGJI�ú�õ0PMNÚö!�X��PR[ÓUWÿJUWõ\XÌ[Db�ceILU,`:ced5ö5õ�cLV²ûfö0ceNfüØö0bfU�ö0GJd5g²X�ö0bfU�ú�PMIÕILPR[DcÕNfü9ö0bfõ0UWU�GJd5_�U\÷¦ö0dÓd�bfPMû�Ie`
V�U9gJUWUW_ ceNTOùceN�`��
Y^� ��PùYZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI}d5PMIeû�ö0cLPMNTced,ILUWú�ö$ö5PQV�UH`�ced�÷¦PRÿJUWõ0U\`TV�KTGJIeI�_�õ0PÌ÷¦U\d0d5PJõ�dWX
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� � ��Î��ÚÎÚ����t&mo��m�Ô������$wzmok�uxt5�,nJ��q�uxw���mØ���Ìux��tl�fk�qxtÏux��ÔÕ��n�uxw��,k�|Úqxt6~�w���må×
� � ô b�UùPRÿJUWõ�IeG�_#PJú,d0PMIeûfö0cLPMN�dGJIeILPÌ÷WG�ö5U\`.V�K�GJNÚK.ö�[ÓP _�õ�P�÷¦U\d0d0PJõ�d/d0b�PMû�Ie`�V�U GJdæd0OQGJIÕIlGJdæ_�PMd�d0cLV:ILU�ú�PJõ
PJ_�ö0cÕOû�O?GJIeILPÌ÷WG�ö0cLPMNiPJú&÷¦PMO�_:ûfö0ceN�üæõ�U\d5PMûfõ�÷¦U\dWX²GJN�`


� � ô b�U9_�õ0PÌ÷¦U\`�ûfõ0U9Oæû�d5ö$V�U9U\GJd5Kiö5PQU��Ìö5U\N�` ú�PJõDGJNåKiN�û�OV�UWõ$PJúsPJVÌþ5U\÷¦ö0cLÿJU\d!�
1 b�ceILUDû:d0ceNfüHö0b�UDüMû�ce`�U\`ù`fPMOQcÕN�G�ö0cLPMNùG�_:_�õ0PMGJ÷�b ú�PJõÖö0b:cedl_:û�õ0_�PMd5UJXMö0bfU�_:G�õ�GJO�UWö5UWõ�d $ Q B Oæû�d5öÖV�UD÷�bfPMd0U\Nd5P GJdDö5Pid0G�ö0ced5ú�Kiö0bfUG�V�P�ÿJUæGJd5_�U\÷¦ö0d!� ô bfU0/�õ�d5ö,öv[ÖPiGJd5_�U\÷¦ö0d�÷WGJN V�UHU\N�d�ûfõ0U\` V�KT÷�bfP�PMd0ceN�ü G�_�_�õ�PJ_�õ�ceG�ö5U� ý�OQG�ö5õ�ce÷¦U\d9ú�PJõ`�c��UWõ0U\NåöØ_�õ0PÌ÷¦U\d0d5PJõ�d!��K�PJõ/U��fGJO�_:ILUJX	ú�PJõ/Giöv[ÖP�ýxPJVÌþ5U\÷¦ö0cLÿJU _�õ0PJV:IeU\OTX�ö0bfUQú�PMIeILPR[�ceNfüiö�[ÓP� ý�OQG�ö5õ�ce÷¦U\dD÷WGJNTV�UHû�d0U\` � YTV


$ Y � W � Y�Y�� $V Y �
ú�PJõ$ö�[ÓPù_�õ0PÌ÷¦U\d0d5PJõ�d!� ô bfU9d0ILPJ_�U $ ÷WGJNTV�U9GJNåK _�PMd0ceö0cLÿJU�õ�U\GJI	Nåû:O/V�UWõZ�X�DP�[ÖUWÿJUWõRX:ö0bfU9ö0b�ceõ�`iGJd5_�U\÷¦ö,O�U\NÌý
ö0cLPMNfU\`¾G�V�PRÿJU�ced�`�cLøù÷Wû:ILö,ö5PiGJ÷�b�cLUWÿJU�û�d�ceNfüùö0b�UüMû�cÕ`fU\` `fPMOùceN�G�ö0cLPMN G�_�_�õ0PMGJ÷�b¾`:cLõ0U\÷¦ö0ILK#�'KfPJõ9U��ÌGJOQ_:ILUJX
[DcLö0b ö0bfõ0UWU�PJVÌþ5U\÷¦ö0cLÿJU\dWXfö0bfU � ý�OQG�ö5õ�c � b�GJdT��� �/U\IeU\O�U\NÚö0d$GJN:` d0c � `�c��UWõ0U\Nåö�P ��ý�`�ceG�üJPMN�GJI�U\Nåö5õ�cLU\d(ceN ö0bfU
OQG�ö5õ�c � NfUWU\`Tö5PùV�U�/M�ÌU\`$� � PJõ0UWPRÿJUWõRX²d0ceN:÷¦UHceNiö0b�ced(÷WGJd5Uö0bfUHO�PÌ`�c /�U\`iYZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI	ú�õ0PMNÚö$[ÓPMû�Ie`iV�U
V�PMû�N�`fU\`iV�K ö0GJNfüJU\NÚö0cÕGJI	_:IeGJN�U\dWX�ceN�d5ö5U\GJ` PJúZIÕceNfU\dWX�cLö$V�U\÷¦PMO�U\d�`�cLøù÷Wû:ILö(ö5Pù`fUWö5UWõ�OQcÕNfU9ö0bfU/d0IePJ_�U\d $ Q B PJúö0bfUH_²IeGJNfU\d!�X"6NTö0bfU9ú�PMIeILPR[�ceNfüfXÌ[ÖUd0ûfüJüJU\d5öDGùO�P�`:c /�U\` ö5U\÷�b�N:cI�åû�U9ú�PJõ�ö0b�ced(_:ûfõ�_�PMd0U#��}UWöHû�d9÷¦PMN�d0ce`�UWõHGiú�U\GJd0ceV:ILUæPJVÌþ6U\÷¦ö0ceÿJUùd5_:GJ÷¦U�V�PMû�N�`�U\` V�K¾GT÷Wceõ�÷WILUJX%GJdHd0bfP�[DN�ceN�KZcLüMûfõ0U�SM� �}UWöHû�d
GJIed5P ÷¦PMN:d0ce`fUWõ9öv[ÖP PJö0b�UWõ/GR��U\d � < GJN�` � C ceN�÷WIeceN�U\` ö5P ö0b�U�PJVÌþ6U\÷¦ö0ceÿJUùGR��U\dZ� ô bfU�`�cLõ�U\÷¦ö0cLPMN¾ÿJU\÷¦ö5PJõ�d/PJú
ö0bfU\d5U/ö�[ÓP ceN�÷WIÕceNfU\` GR��U\d�G�õ0UHüMcLÿJU\N GJdDú�PMIÕILPR[Dd �


� < 2 . = < ><��� < � . = < >C �� C W � YZ�J�
� C 2 . = C ><��� < � . = C >C �� C W � Y SH�


[DbfUWõ�U . = Q > cÕdHö0bfU `�cLõ0U\÷¦ö0cLPMN#÷¦PMd0ceNfUùÿJU\÷¦ö5PJõ�PJú � Q GJN�` �� Q cedHö0b�U /�ýxö0b ÷¦P�PJõ�`�ceN�G�ö5U `�cLõ0U\÷¦ö0cePMN$����PR[HXZGJNÚK
_�PMceNåö���O = � >< W O = � >C �ÖPMNiö0bfUH÷WcLõ�÷WILU9÷WGJN GJIed5P�V�UØõ0UW_�õ0U\d5U\Nåö5U\`TV�Kùö0bfU � ý�÷¦P�PJõ�`�cÕN�G�ö5UHd5KÌd5ö5U\O GJd � � = � >< W � = � >C �
GJN�`T[ÓU/b�GRÿJUHö0bfU/cÕ`fU\NÚö0ceö�K �


O�= � ><	�� < � O�= � >C �� C 2 � = � >< � = � >< � � = � >< � = � >C W2�
 � = � >< . = < >< � � = � >C . = C ><���� < ��
 � = � >< . = < >C � � = � >C . = C >C ���� C R
�ÓPMO�_²G�õ�ceNfü�ö5UWõ�OQd,ú�PJõ �� Q6Xf[ÖU/÷WGJN [,õ�cLö5U9ö0b�U9ú�PMIeIePR[DceN�ü�OùG�ö5õ�c �iUZ�åû�G�ö0cePMN��4 O = � ><O = � >C M 2 4 . = < >< . = C ><. = < >C . = C >C M 4 � = � ><� = � >C M W � YZ�J�


PJõ\X �Y2�� � R � YZ�J�







{^�fk�q�k�|z|�t6|Ìß�po|�uxw�Ô�à<�RÛ�t6yÏuxw�Ü¦tlÞ�Ü¦��|�p�uxw���m�k�q���{sn�n�qx��k�y�� �


(p)


f1 f2


(p)


q


p:((p), )(p)


Ω11Ω


2Ω


2Ω


2


4


6


8


10


12


f_1


f_2


42 6 8 10 120


� � �åÎ���ÎÚ���ot�� O Ô�� Q ���RÛ�t6yÏuxw�Ü¦tl��n�k�y6t�×


p
q


Ω


Ω


1


2


5


10


15


20


5 10 15 20


0
0


f_1


f_2


���	��Î��ÚÎå���ot	� O Ô
� Q ���\Û�t6yvuxwzÜ�t���nok�y6t�×Kfõ0PMO?ö0bfUHG�V�PRÿJUõ0U\IeG�ö0cLPMN�d�b�cL_	X�[ÖU÷WGJNT[,õ�cLö5U


� 2 ��� < � R � Y�h#�


��PR[ õ�U\IeG�ö0ceNfü�ö0bfUH`:cLõ0U\÷¦ö0cLPMNT÷¦PMd0cÕNfU9ÿJU\÷¦ö5PJõ�d�[DcLö0biõ0U\d5_�U\÷¦ö,ö5P $ Q B X�[ÓU/b�GRÿJU. = < > 2 Y Y�� $ CC < � Y^W @ $ C < ��� W. = C > 2 Y Y�� $ C < C � @ $ < C WZY � � R
KfPJõ�OùceNfü�ö0bfU �2OQG�ö5õ�c � GJN�`Tö0G�gÌceNfü�ö0b�U/ceNåÿJUWõ�d5UJX�[ÓU9PJV�ö0GJceN


�� < ��� O Q � Q O� <�� � QQ O
� = � ><< ��� O Q � Q O� <�� � Q O Q
� = � >C �� 2 � Y $ < C


$ C < Y � 4 O = � ><O�= � >C M R � YZ�J�


ô bfU � < ý � C d5_:GJ÷¦U�ú�PJõ9ö0bfU O < ý:O C PJVÌþ6U\÷¦ö0ceÿJUQd5_:GJ÷¦UQcedØd0bfP�[DN�ceN�KZcLüMûfõ0U � � ô b�Uõ0UWüMcePMN����ùPMN^ö0b�U�PJõ�cLü�ý
ceN�GJIZ÷WcLõ�÷WILU�cedØV�PMû�N�`fU\` VåK ö0GJNfüJU\Nåö0dH[DcLö0b � < GJN�` � C `�ceõ0U\÷¦ö0cLPMN¾ÿJU\÷¦ö5PJõ�d!� ô båû:dWX�ú�PJõ9ö0bfU�ö5õ�GJN�d5ú�PJõ�O�U\`
PJVÌþ5U\÷¦ö0cLÿJU\dWX	ö0b�UæU\Nåö0cLõ0UQYZG�õ0UWö5P�ýxPJ_:ö0ceOQGJI&ú�õ0PMNåöHcedØV�PMû�N�`fU\` [DcLö0b�cÕN ö0bfUQG�õ�÷���� � ô bfU�ö5õ�GJN�d5ú�PJõ�OQG�ö0cLPMN^PJú
ö0bfUØPJVÌþ5U\÷¦ö0cLÿJU9d5_:GJ÷¦U9GJN�` ö0bfU9ILPÌ÷WG�ö0cLPMN PJú}ö0bfUØNfUW[ YZG�õ0UWö5P�ýxPJ_�ö0cÕOQGJI%d5PMIeûfö0cePMN�dÖG�õ�UØ÷WIeU\G�õ�ILKùd0b�PR[DNiceN ö0bfU
/�üMûfõ�U#� �ÓPMO�_²G�õ�ceNfüQö0b:ced,UZ��û�G�ö0cLPMN¾[DcLö0b UZ�åû:G�ö0cLPMN YZ��X�[ÓUPJV²d5UWõ0ÿJUæö0b�G�ö�ö0b�U/õ�cLüMbåö�d�ce`fU\d�G�õ0UUZ��û�GJI<GJN�`
ö0bfU � ý�GR�ÌU\d�G�õ�UDOû:ILö0cL_:IeceU\`/V�Kæ`:c��UWõ�U\NÚölN�û�OV�UWõ�d!�#�DP�[ÖUWÿJUWõ\XÌcLölced&cÕNÚö5UWõ0U\d0ö0ceNfü9ö5P/NfPJö5UDö0b�G�ö�Oæû�ILö0cL_:IeK�ceN�ü
� < GJN�` � C ÿ�GJIeûfU\dHVåK�`�c��UWõ0U\NåöHNfPMNÌý��WUWõ0P ÷¦PMN�d5ö0GJNåö0dOQGRK^ö5õ�GJN�d0IeG�ö5UùPJõOQG�üMN�ceú�K ö0bfUùYZG�õ0UWö5P�ýxPJ_�ö0ceOùGJIú�õ0PMNÚö,cÕNiö0bfU � < ý � C d5_:GJ÷¦UJX�V²ûfö,cLö$`fP�U\d,NfPJöD÷�b�GJNfüJUHö0bfUHYZG�õ0UWö5P�ýxPJ_:ö0ceOQGJI<d5PMIeûfö0cLPMN:dÓcÕNiö5UWõ�OQd$PJú O < GJN�`
O C ÿ�GJIeûfU\d!� ô b�û�dWX:ö0b�UPJõ�ceüMceN�GJI � ý�OQG�ö5õ�c � ÷WGJN¾V�U/õ0UW_:IÕGJ÷¦U\` [Dceö0b ö0bfU � � < OQG�ö5õ�c ��X²÷¦PMN:d5ö5õ�û�÷¦ö5U\`¾d0ceO�_²ILK
ú�õ0PMO ö0bfUH`�ceõ0U\÷¦ö0cLPMN ÷¦PMd0cÕNfU\d$PJú<ö0bfUHö�[ÓPùceN:÷WIeceNfU\`iIeceN�U\d!�M�DUWõ0UHcÕd$ö0bfU9_�õ0PÌ÷¦U\`�ûfõ�U��
Y^� KfPJõ�O ö0bfU � ý�OQG�ö5õ�c � ú�õ0PMO?`�cLõ0U\÷¦ö0cLPMNT÷¦PMd�ceNfU\d$PJúZö5õ�GJN�d0ú�PJõ�OQU\` GR��U\d\X
� ���(GJIÕ÷Wû�IeG�ö5U,ö0bfU�ceNåÿJUWõ�d5U,PJú%ö0bfU � OQG�ö5õ�c ��GJN:`ùû�d5U�`fPMOQceN�G�ö0cePMN�ö5U\d5öÓ[DcLö0b�ö0bfUDö5õ�GJN�d5ú�PJõ�O�U\`ùPJVÌþ6U\÷¦ö0ceÿJU\d


��[Dceö0b � ÿJU\÷¦ö5PJõ�÷WGJIÕ÷Wû�IeG�ö5U\` û:d0ceNfü�UZ��û�G�ö0cLPMN&Y�h#�	�







� �Zt6�Ú���J��nJt���k�m�����k�w�m


"6N PJõ�`fUWõØö5P U\N:d0ûfõ0Uö0bfU0/:õ�d5öD_:õ0PJ_�UWõ0ö�KTPJú�N�PJöØIeU\G\ÿÌceNfü GJNåK ú�U\GJd0cLV²ILU/d5PMIeû�ö0cLPMN V�K ö0bfU�OQG�_�_²ceNfüfX�[ÓU
NfUWU\` ö5P/U\N�d�ûfõ0UDö0b:G�ö�ö�[ÓPæ_�õ0PÌ÷¦U\d0d5PJõ�dÓd0b�G�õ0U�G/÷¦PMOQOQPMN `�ceõ0U\÷¦ö0cLPMN$�J"6NPKZcLüMû�õ0UG��Xå[ÖUØd0bfP�[ ö0bfUØGJIeILPÌ÷WG�ö0cLPMN
_:IeGJN ú�PJõ�÷�bfPåPMd�ceNfüi`�cLõ0U\÷¦ö0cLPMN¾÷¦PMd0ceN�U\d�ú�PJõ)Y�X`��X���X%GJN�` S _:õ0P�÷¦U\d�d5PJõ�dØceN¾Gùöv[ÖP�ýxPJVÌþ5U\÷¦ö0cLÿJUQ_:õ0PJV:ILU\O]� ô bfU
ceNåö5UWõ�d5U\÷¦ö0ceN�üQ_�PMceNÚöDPJú&ö0bfUHö�[ÓPiGJ`oþ5GJ÷¦U\NåöØGR��U\d�`�cLõ0U\÷¦ö0cePMN�d,ceN�`:ce÷WG�ö5UHö0bfUæGJIeILPÌ÷WG�ö0cLPMN _:IÕGJNTPJúlGQ_:G�õ�ö0ce÷Wû�IeG�õ
_�õ0PÌ÷¦U\d0d5PJõ ���DPJö5U ö0b�G�öHö0bfUùIeUWú�ö6ý�O�PMd0öH_:ILPJöHceN:`�ce÷WG�ö5U\d9G d0cÕNfüMILU�_�õ0PÌ÷¦U\d0d5PJõH[�cLö0b � < 2 O < GJN�` � C 2 O C �


1


2


1


2


P=4P=1 P=2 P=3


1 2


1


3 4
3


� � �åÎ��ÚÎÚ{s|�|��Wy5k�uxw���m9no|zk�m��Ñ��q	u�Ð���ÔÕ���\Û�tÏyÏuxw�Ü¦tln�qx����|�t6�$�6×
ô bfU$NfU��Ìö /�üMûfõ�U(cÕN�`�ce÷WG�ö5U\dZö0b�G�ö&öv[ÖP/_�õ0PÌ÷¦U\d0d5PJõ�dld�b�G�õ0U(PMNfU,÷¦PMOQO�PMNù`�cLõ0U\÷¦ö0cLPMN ��ö0b�U,ceN�÷WIeceN�U\``�ceõ0U\÷¦ö0cLPMN ��X
GJN�` d5PQPMN$��a�ILö0b�PMûfüMb `�c��UWõ0U\NåöDd0÷�bfU\O�U\d�÷WGJN V�U/GJ`fPJ_:ö5U\` ú�PJõ�GJd0d0ceüMN�ceNfüQ÷¦PMOQOQPMN ceN:÷WIeceNfU\`i`�cLõ�U\÷¦ö0cLPMN�dWX
[ÓU/d0ûfüJüJU\d5ö�GQO�UWö0bfPÌ`fPMILPJüJK VåK [Db�cÕ÷�biUZ��û�GJI	ceN�d�÷¦õ�cLV�U\` GJN�üMILU\dDG�õ0UHGJd�d0cLüMNfU\`Tö5PùU\GJ÷�b _�õ0PÌ÷¦U\d0d5PJõZ�,KfPJõ��
_�õ0PÌ÷¦U\d0d5PJõ�dÓd0PMILÿ�cÕNfüæGæöv[ÖP�ýxPJVÌþ5U\÷¦ö0cLÿJUPJ_�ö0ceOQc �\G�ö0cePMNù_�õ�PJV:ILU\OTX�ö0bfU9ceN�÷WIeû:`fU\`ùGJNfüMIeU)��cÕN õ�GJ`�ceGJN�d	�&V�UWö�[ÓUWU\N
GJNåK öv[ÖP GJ`oþ5GJ÷¦U\Nåö�`:cLõ0U\÷¦ö0cLPMNiÿJU\÷¦ö5PJõ�d�ced


� 2�����Y @ Y
� ��� R � YZ&J�


	 l `��_"����*F" `�*f����$,���N *�
����- `+���,�N� "6NÚö5UWõ0U\d0ö0ceNfüMILKJX%ö0bfU�G�V�PRÿJU G�õ0üMû�O�U\NåöH÷WGJN^V�UæU��Ìö5U\N�`fU\`!ö5P O�PJõ0U
ö0b�GJN.ö�[ÓP¾`�cÕO�U\N�d0cLPMN:d�GJN:`.÷WGJN!V�UùG�_:_:IecLU\`^U\GJd0cÕILK ö5P¾GJNÚK!N�û�OV�UWõHPJú(PJVÌþ6U\÷¦ö0ceÿJU\d!��KfPJõæU��fGJO�_:ILUJX<ceN!G
ö0bfõ0UWU¦ýxPJVfþ6U\÷¦ö0cLÿJUHd0_:GJ÷¦UJXÌö0bfUØU\NÚö0cLõ�U�YZG�õ0UWö5P�ýxPJ_�ö0cÕOQGJI�ú�õ�PMNÚö(÷WGJNiV�U�`fUWö5UWõ�OQceNfU\` VåKùö0GJNfüJU\NÚö0cÕGJI�_�õ0PJ_�UWõ0ö0cLU\d
PJúlö0bfõ�UWU_:IÕGJNfU\d��'O < ýx_:IeGJN�UJX`O C ýx_:IeGJN�UGJN�`�O���ýx_:IeGJNfU#� "vú&ö0bfõ�UWUæG�õ0V²cLö5õ�G�õ0K5��V:û�ö�NfPMNÌý�cÕ`fU\NÚö0cÕ÷WGJI �(`�cLõ�U\÷¦ö0cLPMN�d
� � < X � C X � � �ZG�õ0U�÷�bfPMd5U\N%XÌGJd�d�bfPR[DN ceN KZcLüMûfõ�UPhåXÚö0bfU�O�PÌ`�c /�U\`�YZG�õ0UWö5P�ýxPJ_�ö0cÕOQGJI�ú�õ0PMNåöl[DcÕIeIÌV�U,V�PMû�N�`fU\`
V�K ö0bfU/ö0bfõ0UWUHNfUW[ _²IeGJNfU\d�� � < ý � C _:IÕGJNfUJX � C ý � � _:IeGJNfUJX�GJN�` � � ý � < _:IeGJNfU#�


f
1


1
Ω


TransformedOriginal


f
2


f
3 3


Ω


2
Ω


���	��Î��MÎ�àsqxw�~�w�m�k�|Ìk�m��Du�q�k�mo���Ñ��qx�$t5�Dno|zk�m�t6�6×
ô b�UÖ_�õ�P�÷¦U\`�û�õ0UÖPJú²üJU\NfUWõ�G�ö0ceN�üØGJN�GJIeIeP�÷WG�ö0cLPMNæ_:IÕGJNú�PJõZö�[ÓP9PJVÌþ5U\÷¦ö0cLÿJU\dlceIeIÕû�d5ö5õ�G�ö5U\`ceN0KZcLüMû�õ0U7��÷WGJN�V�U


÷¦PMN�d0cÕ`fUWõ0U\`�GJd�d�û�÷W÷¦U\d0d0cLÿJU��z÷�bfPJ_�_²ceNfü�ýxP ���MPJú�ö0bfU,V�PJö5ö5PMO�ý�IeUWú�ö�÷¦PJõ�NfUWõ ��PJõÖPJõ�cLüMceN �}PJú%GHd-��û�G�õ0U$V�K�d5ö5õ�GJcLüMbåö







{^�fk�q�k�|z|�t6|Ìß�po|�uxw�Ô�à<�RÛ�t6yÏuxw�Ü¦tlÞ�Ü¦��|�p�uxw���m�k�q���{sn�n�qx��k�y�� �


U\`füJU\d!�M�ÖGJ÷�bT÷¦PJõ�NfUWõ$G�ö(ö0bfUØV�PJö5ö5PMO�ý�ILUWú�ö(_:G�õ0öÓPJú	ö0bfU9d-��û�G�õ0UØ÷¦PJõ0õ0U\d5_�PMN�`�dÖö5P�ö0bfUØG_:õ0P�÷¦U\d�d5PJõ(ú�PJõ([Db�cÕ÷�b
ö0bfU9`�cLõ�U\÷¦ö0cLPMNi÷¦PMd0ceNfU\d$G�õ0UH÷¦PMOQ_:ûfö5U\`iú�õ0PMO ö0bfU9d5ö5õ�GJcLüMbåö$U\`füJU\d$ú�PJõ�OQcÕNfüö0b�UØ÷¦PJõ�NfUWõZ�M1 bfU\NTGJNiU��ÌcÕd5ö0ceNfü
÷¦PJõ�NfUWõÓced&÷�b�PJ_�_�U\`�P �<Xåö�[ÓPNfUW[ ÷¦PJõ�NfUWõ�dÖG�õ0UDGJ`�`fU\`	XJö0bfUWõ0UWV�K�GJIÕILPR[DcÕNfü9PMNfUDO�PJõ�U$_�õ0PÌ÷¦U\d0d5PJõ�ö5P/V�U,û:d5U\`$�
KfPJõ�U��ÌGJOQ_:ILUJXfö0bfU �^2 ��÷WGJd0Uced$PJV:ö0GJceNfU\`Tú�õ0PMO �^2=YH÷WGJd5UVåKT÷�bfPJ_�_:ceN�ü�P �^ö0b�UHõ�cLüMbåö6ý�GJNfüMILU/÷¦PJõ�NfUWõZ��}G�õ�üJUWõ � ÷WGJd5U\d�÷WGJN.V�Uù÷¦PMN:d0ce`fUWõ0U\`.GJd/ú�ûfõ0ö0bfUWõæ÷�bfPJ_:_:ceNfü P � ö0b�UùV�PJö5ö5PMO�ý�ILUWú�ö÷¦PJõ�N�UWõPJú$ö0bfU d-��û�G�õ0U#�
ô bfU PMN�ILK�õ0U\d0ö5õ�ce÷¦ö0cLPMN#ö5P^ö0bfU ÷�bfPJ_�_:cÕNfü _�õ0PÌ÷¦U\d0dæú�PJõ � _�õ0PÌ÷¦U\d0d5PJõ�dcedö0b�G�ö�ö0bfUWõ0UiOæû�d5ö/V�U U��ÌGJ÷¦ö0ILK �
÷¦PJõ�NfUWõ�d$üJU\NfUWõ�G�ö5U\` VåK ö0bfUH÷�bfPJ_�_:ceN�ü�_�õ0PÌ÷¦U\d0d!�


ô b:cedZ÷�bfPJ_�_²ceNfü�_�õ�ceN�÷Wce_:ILU�÷WGJN�V�U(U��Ìö5U\N�`fU\`�ú�PJõlb�cLüMbfUWõZPJVÌþ5U\÷¦ö0cLÿJU\dWXÚU��Ì÷¦UW_�ö&ö0b:G�ö&ö0bfU$V�PMû�N�`fU\`æd-��û�G�õ0U
NfP�[CV�U\÷¦PMO�U\d/G IeG�õ0üJUWõ5ý�`�cÕO�U\N�d0cLPMN:GJI<båK�_�UWõ0ýxV�P ��XsGJN�`!båKå_�UWõ5ýx_:IÕGJNfU\d9G�õ0Uùû�d0U\`!ö5P ÷�bfPJ_fýxP � ö0bfUQPJõ�cLüMceN$�
KZcLüMûfõ0U\d��ùö5P�Y#Y�d0bfP�[7G N�û�O/V�UWõ�PJúlGJIeILPÌ÷WG�ö0cLPMN _:IeGJN�dDú�PJõ9`�c��UWõ0U\Nåö�N�û�OV�UWõ�PJúl_�õ0PÌ÷¦U\d0d5PJõ�d�ceN Gùö0b�õ0UWU¦ý
PJVÌþ5U\÷¦ö0cLÿJUTd5_:bfUWõ�ce÷WGJI�YZG�õ0UWö5P�ýxPJ_�ö0cÕOQGJIÓú�õ0PMNåö!�Za�ILö0b�PMûfüMb.ö0b�U d5KÌd5ö5U\OQG�ö0cÕ÷ ÷�bfPJ_�_:ceN�ü PJú,U\GJ÷�b ÷¦PJõ�NfUWõ�[DceIeI


Guidance skeleton


0
1


2
3


4
5


6
7


f1


0
1


2
3


4
5


6
7


f2


0
1
2
3
4
5
6
7
8


f3


� � ��Î�ÊÚÎ �Ön�k�q�ux�	���:�fk�qxtÏux��Ô���n�uxw��,k�|M�Ñqx��mWu


Guidance skeleton


0
1


2
3


4
5


6
7


f1


0
1


2
3


4
5


6
7


f2


0
1
2
3
4
5
6
7
8


f3


� � ��Î��ÚÎ ��n�k�q�ux�	�����fk�qxtÏux��ÔÕ��n�uxw��,k�|Ú� qx��mWu
Guidance skeleton


0
1


2
3


4
5


6
7


f1


0
1


2
3


4
5


6
7


f2


0
1
2
3
4
5
6
7
8


f3


� � �åÎ�
\ÉåÎ �Ön�k0q�ux�%���:�fk0qxtÏux��ÔÕ��nRuxw��,k�|M�Ñqx��mWu


Guidance skeleton


0
1


2
3


4
5


6
7


f1


0
1


2
3


4
5


6
7


f2


0
1
2
3
4
5
6
7
8


f3


� � ��Î�
 
�Î��\�&nok�q�ux�}�fk�qxtÏux��ÔÕ��n�uxw��,k�|Ú� qx��mWu


üJU\NfUWõ�G�ö5U � 2=��� @ Y � V?� Y9÷¦PJõ�NfUWõ�d���[DbfUWõ0U�V ced(GJNåK N�PMNÌý�NfUWüMG�ö0cLÿJUHceNåö5UWüJUWõ[��X,KZcLüMûfõ�U\d YZ��GJN:`\YZ��GJIed5P
d0bfP�[ d5PMO�UceNÚö5UWõ�U\d5ö0ceNfüQGJIeIeP�÷WG�ö0cLPMNi_²IeGJN�d(ú�PJõD`�c��UWõ0U\Nåö,Nåû�OV�UWõ�d(PJúZ_�õ0PÌ÷¦U\d0d5PJõ�dZ�


� �N�N� � *, c ��$, +�e`g� *F" "6N ö0b:ced(d5ö0û�`fKJX�[ÖUHb:G\ÿJUHd5ö0G�õ0ö5U\`iU\GJ÷�bT_�õ0PÌ÷¦U\d0d5PJõ([Dceö0b Gæ_�PJ_:û�IÕG�ö0cLPMNùceN:cLö0ceGJIec �WU\`
ú�õ0PMO7ö0bfUÓd�GJO�U(V�PMû:N�`fU\`Hõ�UWüMcLPMN$�R"ÏNPJõ�`fUWõZö5PØgJUWUW_�ö0bfUÓö5PJö0GJIfNåû�OV�UWõsPJú:ú�û�N:÷¦ö0cLPMN/UWÿ�GJIeû�G�ö0cePMN�d<ö0bfUÓd�GJO�UJX
[ÓUb�GRÿJUæGJIed0PQgJUW_�ö�G ÷¦PMN�d5ö0GJNåö�÷¦PMOV:ceNfU\` _�PJ_:û�IeG�ö0cLPMNTd�c �WU#� ô b�û�dWXfú�PJõØGQd5ö0û�`fKi[Dceö0b � _�õ�P�÷¦U\d0d0PJõ�dWX�[ÓU
b�GRÿJU!û�d5U\` N � � _�PJ_:û�IÕG�ö0cLPMN OQU\O/V�UWõ�diceN�U\GJ÷�b _�õ0PÌ÷¦U\d0d5PJõ\X([Db�UWõ0U\N ced ö0bfU�_�PJ_:û�IÕG�ö0cLPMN d�c �WU�û�d5U\`
ú�PJõö0bfUid0ceN�üMILU¦ýx_�õ0PÌ÷¦U\d0d5PJõæõ�û�N$��1�cLö0b#ö0b�cedæceN#OQceN�`%XscLöö0b�U\N.V�U\÷¦PMO�U\d�`�cLø ÷Wû�ILöHú�PJõU\GJ÷�b _�õ0PÌ÷¦U\d0d5PJõæö5P







�5� �Zt6�Ú���J��nJt���k�m�����k�w�m


Guidance skeleton


0
1


2
3


4
5


6
7


f1


0
1


2
3


4
5


6
7


f2


0
1
2
3
4
5
6
7
8


f3


� � �åÎ�
RÈÚÎ��Ön�k0q�ux�%���:�fk0qxtÏux��ÔÕ��nRuxw��,k�|M�Ñqx��mWu


Guidance skeleton


0
1


2
3


4
5


6
7


8


f1


0
1


2
3


4
5


6
7


8


f2


0
1
2
3
4
5
6
7
8


f3


� � ��Î�
 �MÎÚ�Ón�k0q�ux�}���:�fk�qxtÏux��ÔÕ��n�uxw��,k�|Ú� qx��mWu


PRÿJUWõ�÷¦PMO�U cÕ`fU\NÚö0cÕ÷WGJIlbåû�õ�`�ILU\dØö5P õ0U\GJ÷�b#ö5P ö0bfU Y<G�õ�UWö5P�ýxPJ_�ö0ceOQGJI�ú�õ0PMNåö/[�cLö0b�G d0OùGJIeILUWõ9_�PJ_:û�IeG�ö0cePMN�d0c �WU#�
"6N PJõ�`fUWõ�ö5P üJUWö�GJd0d0ced0ö0GJN�÷¦U/ú�õ0PMO PJö0bfUWõ�_:õ0P�÷¦U\d�d5PJõ�dDcÕNT_�õ0PÌ÷¦UWU\`�ceNfüùö5PR[(G�õ�`�d�ö0bfUYZG�õ0UWö5P�ýxPJ_�ö0cÕOQGJI<ú�õ0PMNåöWX
[ÓU!b�G\ÿJU ceNÚö5õ�P�`�û:÷¦U\`�G OùcLüJõ�G�ö0cLPMN _�PMIece÷¦K�GJO�PMNfü ö0bfU�_:õ0P�÷¦U\d�d5PJõ�d!�,a4÷¦UWõ0ö0GJceN N�û�OV�UWõ PJú�d5PMIÕûfö0cLPMN�d
��OQcLüJõ�G�ö0cLPMNQõ�G�ö5U���ú�õ0PMO PMN�UD_�õ0PÌ÷¦U\d0d5PJõ(G�õ0UØd5U\Nåö�ö5PæU\GJ÷�b PJö0bfUWõÓ_�õ0PÌ÷¦U\d0d5PJõ(G�ú�ö5UWõ(UWÿJUWõ0KQGú�UW[�üJU\NfUWõ�G�ö0cePMN�d
��OQcLüJõ�G�ö0cLPMNQú�õ0UZ��ûfU\N�÷¦K,�	� ��GJ÷�bù_�õ�P�÷¦U\d0d0PJõÖcedl÷�bfPMd5U\N d5KÌd5ö5U\OQG�ö0ce÷WGJIeIeKú�PJõÖcLö0d�ö0ûfõ�N�ö5PæOQcLüJõ�G�ö5U�d5PMIeûfö0cePMN�dZö5P
PJö0bfUWõ�_�õ0PÌ÷¦U\d0d5PJõ�d!� ô bfUHNfUW[ d5PMIÕûfö0cLPMN�dÓõ0UW_:IÕGJ÷¦U/G�õ�GJN�`�PMOQILKù÷�bfPMd5U\N d0UWö,PJú&O�U\O/V�UWõ�d(ú�õ0PMO ö0b�UHU��ÌcÕd5ö0ceNfü
_�PJ_:û�IeG�ö0cePMN$�#+fû�÷�bQcÕNfú�PJõ�OQG�ö0cLPMN�ceNåö5õ0PÌ`�û�÷¦U\`æVåK�PJö0bfUWõ�_�õ0PÌ÷¦U\d0d5PJõ�dlOùG\K�bfU\IL_QGØö5U\O�_�PJõ�G�õ�ceILKd0ö0G�üMN�GJNÚö���PJõ
d0ILP�[ _�õ0PJüJõ�U\d0d0ceNfüH�Ö_:õ0P�÷¦U\d�d5PJõZ�


� �Zó > ñ 	 ��íMóxïsì^�síMñÖð�ó�4 9


"6N!ö0b�ced/d5U\÷¦ö0cLPMN%X<[ÖU _�õ0U\d5U\Nåö/d0cÕOû�IÕG�ö0cLPMN�õ0U\d0û:ILö0d9PJú$ö0bfU _�õ0PJ_�PMd5U\`�_:G�õ�GJIeILU\I ������a ö5P¾G N�û�OV�UWõö�[ÓP
GJN�`Tö0b�õ0UWU¦ýxPJVÌþ5U\÷¦ö0cLÿJU/ö5U\d5öD_�õ0PJV:ILU\Oùd!�


� ��� � � *���� 
 � �N- `+���,� � ���;` �  +*�
����_c �
KZcLõ�d5öWXf[ÓU/d5ö0û:`fKùö0bfU_�^VoýxÿoG�õ�cÕG�V:ILU]�S ô Y9ö5U\d0ö,_�õ0PJV:IeU\O 
��� �


O < ��l�� 2�� < W
O C ��l�� 2
	'��l ������O < W�	X�	W
	'��l � 2 YL� � ��Q : C ��� Q @ V


R �J�DC#W
����O < W�	X�J2 Y @  O < ��	 R ���^V �


��UWõ0UJXJU\GJ÷�b�� Q�IecLU\dT
 VXWZY[���HKZcLüMûfõ�U�Y SHd�bfPR[Ddlö0bfU$bÚK�_�UWõ5ý�G�õ0U\G 
 &��:ú�PJõlG9d5UWõ�ceGJI$��[Dceö0b�PMNfU$_�õ0PÌ÷¦U\d0d5PJõ[����+,(ØaDý
"-"Óõ�û�NT[�cLö0b GQ_�PJ_:û:IeG�ö0cLPMNTd0c �WU/PJú �^V#VX� ô bfUd0ceOæû�IeG�ö5U\`TV:cÕN�G�õ0Ki÷¦õ0PMd0d5P�ÿJUWõ�PJ_�UWõ�G�ö5PJõ)��[DcLö0b ��� 2=Y!V GJN�`
_�õ0PJV²G�V:ceIecLövK)V


R &J��GJN:` _�PMILKÌNfPMOQcÕGJI:Oæûfö0G�ö0cLPMN PJ_�UWõ�G�ö5PJõ ��[DcLö0b � Z 2��^V�GJN�` _�õ0PJV²G�V:ceIecLövK]Y��^�^V �ÓG�õ0U9û�d5U\`

�����`1�ceö0b G õ0UWú�UWõ0U\N�÷¦Uæ_�PMcÕNÚö�ö0G�gJU\N�GJd�� Y


R
V@�gSX� WZY


R
V@�gSX�J��XZö0bfU�OQGR�fceOæû�O?båKå_�UWõ5ý�G�õ�U\G ÷WGJIe÷Wû:IeG�ö5U\`¾ú�PJõØGJN


ceNM/²N�cLö5U�_�PJ_²û�IeG�ö0cLPMNiILKÌceNfüæPMNTö0bfUHö5õ�ûfUHYZG�õ0UWö5P�ýxPJ_�ö0ceOQGJI}ú�õ�PMNÚö,cedTVX� � � ô bfU ��+,(ØaDý�"-"�õ�û�NTced(ö5UWõ�OQcÕN�G�ö5U\`
[DbfU\N GJN bÚK�_�UWõ5ý�G�õ0U\GPJú�VX� h#&gSQced�GJ÷�b�cLUWÿJU\`$�X"6Nùö0b�U�_:G�õ�ö0ce÷Wû�IeG�õÖõ�û�Nùd�bfPR[DN ceN K<ceüMûfõ0U0Y SfXO� h/üJU\NfUWõ�G�ö0cePMN�d
[ÓUWõ0U/NfUWU\`fU\` ö5PùGJ÷�b�ceUWÿJU/ö0b�ced$båK�_�UWõ0ý�G�õ0U\GX�


KZcLüMûfõ�U YZ�/d�bfPR[DdÖö0bfU�`�ced5ö5õ�ceV:ûfö0cLPMNæPJú%_:G�õ�GJIÕILU\Ifõ0U\GJIâýx_²G�õ�GJO�UWö5UWõ���+,(9a,ý�"-"Z[Dceö0bQö�[ÓPæ_�õ0PÌ÷¦U\d0d5PJõ�d!� ô bfU
ú�PMIeILPR[�ceNfü�ö�[ÓPùö5õ�GJN:d5ú�PJõ�OQG�ö0cLPMNTOQG�ö5õ�cÕ÷¦U\dDG�õ0UHû�d0U\`Tú�PJõDö0bfUHö�[ÓPQ_�õ�P�÷¦U\d0d0PJõ�d��


� Y @ ÷¦PMd�� V
R h#�����


V d0cÕN�� V
R h#����� � W � ÷¦PMd�� V


R h#����� V@ d0ceN$� V
R h#������Y � R







{^�fk�q�k�|z|�t6|Ìß�po|�uxw�Ô�à<�RÛ�t6yÏuxw�Ü¦tlÞ�Ü¦��|�p�uxw���m�k�q���{sn�n�qx��k�y�� ���


−0.1


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0 10 20 30 40 50 60


H
y
p
e
r
−
a
r
e
a


Generation Number


� � ��Î�
 ��ÎMã}�RnJtÏq�Ô�k�qxt5kÓy6k�|�y6po|zk0uxt5��Ð	w�ux������× ��� �¦�\����× ���%�¦�¦�Zk��}ux��t<qxtÏ�ÑtÏqxt6moyÏt�nJ��w�m\u5×
��GJ÷�b�_�õ0PÌ÷¦U\d0d5PJõ&ced<ceN�cLö0cÕGJIec �WU\`9[Dceö0bG�_�PJ_:û�IeG�ö0cePMNHPJú:d0cI�WU Y!V#VX�H��ö0b�UWõB(9a _:G�õ�GJOQUWö5UWõ�dZG�õ0U(gJUW_�öZö0bfU$d0GJO�U
GJd�cÕN�ö0bfUDd5UWõ�cÕGJIM��+,(9a,ý�"-"<õ�û�N��#"ÏN�ö0b:ced&÷WGJd5UJX �^V/d5PMIeûfö0cLPMN:dZú�õ0PMO2G9_�õ0PÌ÷¦U\d0d5PJõÖG�õ0UDOQcLüJõ�G�ö5U\`QG�ú�ö5UWõÖUWÿJUWõ0K �
üJU\NfUWõ�G�ö0cePMN�dlö5Pö0bfUDPJö0bfUWõÖ_�õ0PÌ÷¦U\d0d5PJõZ�åa(ö�ö0bfU�U\N�`�PJú��#�9üJU\NfUWõ�G�ö0cLPMN�dWXåö0bfUDbåKå_�UWõ5ý�G�õ0U\G÷WGJIe÷Wû�IeG�ö5U\`ùú�PJõÖö0bfU
÷¦PMOV:ceNfU\`¾_�PJ_:û�IeG�ö0cePMN PJúÖö�[ÓPT_�õ0PÌ÷¦U\d0d5PJõ�d9ced�VX� h#&gSM� ô båû�d\X�cLö9cedØ÷WILU\G�õ9ö0b:G�öHG d�ceOQceIeG�õ�`�ced5ö5õ�cLV:ûfö0cLPMN ÷WGJN
V�U/GJ÷�b:cLUWÿJU\` V�Kiö0bfU/_²G�õ�GJIeILU\I�öv[ÖP�ýx_�õ�P�÷¦U\d0d0PJõ���+,(ØaDý�"-"([DcLö0b O�PJõ0U/PJõ�ILU\d0d�d0ceOQceIÕG�õ,Nåû�OV�UWõ,PJúZú�û:N�÷¦ö0cLPMN
UWÿ�GJIeû�G�ö0cLPMN�dZ�


Processor 1


Processor 2


0


0.2


0.4


0.6


0.8


1


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1


f
_
2


f_1


� � ��Î�
 �MÎ,à<��u�k�w�mot5�^����|zpRuxw���mo�Ð	w�ux�!u�Ð�� n�qx�Wy6t6������qx���â��q
���&�<��×


Processor 2


Processor 3


Processor 1


0


0.2


0.4


0.6


0.8


1


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1


f
_
2


f_1


���	��Î�
 �ÚÎsà<�Ru�k�w�mot6�ù����|zpRuxw���mo�$Ð	w�ux�Qux��qxt6tØnRqx�Wy6t6������qx�,�Ñ��q
� �&�<��×


KZcLüMûfõ�U�YZ�¾d0b�PR[Dd�ö0bfUT`�cÕd5ö5õ�cLV:û�ö0cLPMN!PJú�d5PMIeûfö0cLPMN:dL��[Dceö0b G�båK�_�UWõ0ý�G�õ0U\G¾PJú VX� h#&gSH�æPJV�ö0GJcÕNfU\` [DcLö0b G
ö0bfõ0UWU¦ýx_:õ0P�÷¦U\d�d5PJõ)��+,(9a,ý�"-"HG�ú�ö5UWõ � hTüJU\N�UWõ�G�ö0cLPMN�d!� ô bfU ú�PMIÕILPR[DcÕNfü ö0bfõ0UWU ö5õ�GJN�d0ú�PJõ�OùG�ö0cLPMN#OùG�ö5õ�ce÷¦U\d�G�õ0U
û�d5U\` � � Y @ ÷¦PMd ���� ���


V d0cÕN`���� ��� � W � ÷¦PMd ���� ��� @ ÷¦PMdR� C� ���@ d0cÕN`���� ��� d0ceN�� C � ��� � W � ÷¦PMdR� C� ��� V@ d0ceN�� C� ����Y � R
"6N�ö0b�cedZ÷WGJd5UJXH�^V9d5PMIÕûfö0cLPMN�d<ú�õ0PMO GØ_�õ0PÌ÷¦U\d0d5PJõlced&d0U\NÚö&ö5P9öv[ÖPHPJö0b�UWõ&_�õ0PÌ÷¦U\d0d5PJõ�d&G�ú�ö5UWõlUWÿJUWõ0K ��üJU\NfUWõ�G�ö0cLPMN:d!�


"6N9PJõ�`fUWõ}ö5P�ceNåÿJU\d5ö0cLüMG�ö5Ulö0b�UlU���U\÷¦ö<PJú�ö0bfU�OQcLüJõ�G�ö0cLPMN9_�PMIece÷¦K�PMN9ö0bfU�`�cÕd5ö5õ�cLV:û�ö0cLPMNDPJúfd5PMIÕûfö0cLPMN�dWXW[ÓU�b�GRÿJU
_�UWõ0ú�PJõ�O�U\` G `fUWö0GJceILU\` _:G�õ�GJO�UWö5õ�ce÷/d5ö0û:`fKTPMN ö0b�U�]�S ô Y/ö5U\d5ö�_:õ0PJV:ILU\O]� ô bfU/PMû�ö0÷¦PMO�UPJú�ö0b�cedDd0ö0û�`fKTced







�0� �Zt6�Ú���J��nJt���k�m�����k�w�m


_�õ0U\d0U\NÚö5U\`æceN ô G�V:ILU Y^��"ÏN/U\GJ÷�b�÷WGJd5UJXoö0bfUÖGRÿJUWõ�G�üJU$GJN�`/d0ö0GJN�`�G�õ�``fUWÿ�cÕG�ö0cLPMN9PJúfö0bfUÓNåû�OV�UWõ	PJúfüJU\NfUWõ�G�ö0cePMN�d


� ¸oÇ�� ¿ 
�ÎÚ�fk�q�k��$tÏu�qxw�y&��uxp��R�D���f�$w�~�q�k�uxw���m�q�k�uxtlk�m���� qxt5ÝWpot6m�yÏ�D��m ���&�<�Zux�(k�y��ow�t6Ü¦tlkÓ�W�RnJtÏq�Ô�k�qxt6kÖ���:�\× ��� �R×
ß�w�~�q�k0uxwz��m ß�w�~�q�k0uxwz��m �}t5ÝWpow�qxt5�Ør<tÏmotÏq�k0uxwz��mo�


�<k0uxt ��qxt6Ý\p�t6moyv� èRw�mo~�|zt��fqx�Wy6t6������q ��Ð��,��qx�WyÏt6������qx� ���Rqxt6tl�fqx�Wy6t6������qx�
{sÜ�tÏq�k�~�t èWu��Ú× �Zt6ÜJ× {}Ü¦tÏq�k�~�t èWu��Ú× �Zt6ÜJ× {}Ü¦tÏq�k�~�t èWu��Ú× �Zt6ÜJ×


� � ���R× � �\× �\� ���R×�� �\× �t� ���5�\× � � �\× �\�
�5� � ���R×�� �\× � � � �ÚÎ � �W×��5�
�5� �5� ���\× � �R× �%� ���\× � �\×��5�
��� � �¦�R× � ��× �W� ���\× � �\× ���
��� �5� �\��× � �\× � � ���\× � �\× � ���� � �MÊÚÎ � ��× � � ���\× � �\× ������ �5� ���R× � �W× ��� � �\× � �\×��0���� � � � �\× � �W× �\� ���\× � �R× ����¦� �5� � �R× � �\×z� � �R��× � �R× � �
��� � �
	��  ������ 	����  �������


NfUWU\`fU\`iö5PQGJ÷�b�cLUWÿJUHG�båKå_�UWõ5ý�G�õ�U\GPJú VX� h#&gSùceN ö5U\Niõ�û:N�d(G�õ0U9÷WGJIe÷Wû�IeG�ö5U\`$� ô bfU /:õ�d5ö(õ0PR[ d�bfPR[Dd(ö0b�UØd�ceNfüMILU
_�õ0PÌ÷¦U\d0d5PJõ&õ�U\d0û�ILö&GJN�`�Oæû�ILö0câýx_:õ0P�÷¦U\d�d5PJõZõ0U\d0û�ILö0d<[Dceö0bfPMûföZGJNÚK�OQcLüJõ�G�ö0cePMN$�^"völced<PJV:d0UWõ0ÿJU\`�ö0b�G�ö&ö0bfU$_²G�õ�GJIeILU\I
��+,(ØaDý�"-"Ö`fP�U\d$NfPJö(_�UWõ0ú�PJõ�O�[ÖU\IeI�[�cLö0bfPMûfö(OQcLüJõ�G�ö0cePMN$�fa�ILö0b�PMûfüMb ö0bfU9PMûfö0÷¦PMO�U9PJú<ö0bfUØ_:G�õ�GJIeIeU\I ��+,(ØaDý
"-"$`fUW_�U\N�`�d(PMN ö0bfUæ÷�bfPMd5U\N¾OQcLüJõ�G�ö0cLPMN õ�G�ö5UæGJN�` ú�õ0UZ��ûfU\N�÷¦KJX�O�PMd5öDPJúZö0bfUö�[ÓP�ýx_�õ0PÌ÷¦U\d0d5PJõØõ�û�N:d,GJ÷�b�ceUWÿJU\`
ö0bfUæõ0UZ��û�cLõ0U\`¾bÚK�_�UWõ5ý�G�õ0U\G���O�U\GJN�ceN�ü ö0b�G�öØGid0ceOQcÕIeG�õD÷¦PMOV:ceNfU\`^÷¦PMNåÿJUWõ0üJU\N�÷¦UQGJN�`^`�cLÿJUWõ�d0cLö�K OQU\GJd0ûfõ0U�ced
GJ÷�b:cLUWÿJU\` ��ceNQG/d�OQGJIeILUWõ�N�û�OV�UWõlPJú%üJU\NfUWõ�G�ö0cLPMN:dlö0b�GJN ö0b�G�ö�õ�UZ�åû�ceõ0U\`�[DcLö0bùG/d0ceN�üMILU$_�õ0PÌ÷¦U\d0d5PJõ%��+,(9a,ý�"-"[�
ô bfUùV�U\d0öH_�UWõ0ú�PJõ�OQGJN�÷¦UQPÌ÷W÷Wûfõ�d/[DbfU\N5�^V¾d5PMIeûfö0cePMN�d9G�õ0U OùcLüJõ�G�ö5U\`.G�ú�ö5UWõæUWÿJUWõ0K �iüJU\NfUWõ�G�ö0cLPMN�d!��"ÏN.ö0b�ced
÷WGJd5UJXÓPMN GJN�G\ÿJUWõ�G�üJU^öv[ÖP�ýx_�õ�P�÷¦U\d0d0PJõ ��+,(ØaDý�"-"�õ0UZ��û�cLõ0U\dùG�V�PMû�ö YZ��� ILU\d0d5UWõ ú�û�N:÷¦ö0cLPMN UWÿ�GJIeû�G�ö0cLPMN�dùö5P
GJ÷�b:cLUWÿJU�Gæd0ceOùceIeG�õ&_�UWõ0ú�PJõ�OQGJN�÷¦U#� ô b�cedlOQU\GJN�d�ö0b:G�öÖö0bfU�û�d5U�PJú%ö�[ÓP_�õ�P�÷¦U\d0d0PJõ�d�õ�U\`�û�÷¦UDö0b�U�÷¦PMO�_:û�ö0G�ö0cLPMN
ö0ceO�U9V�KiO�PJõ0UHö0b�GJN ö�[ÓPùö0ceO�U\dZ�


1 cLö0bö0bfõ0UWUÓ_�õ0PÌ÷¦U\d0d5PJõ�dWX�bfP�[ÖUWÿJUWõ\X�ö0bfUÓõ0UZ��û�cLõ0U\`Nåû:O/V�UWõ}PJú:üJU\NfUWõ�G�ö0cLPMN�d<ö5P9GJ÷�b:cLUWÿJU$G�d0cÕOQceIeG�õ	_�UWõ0ú�PJõ5ý
OQGJN�÷¦U,cÕd&d0IecLüMbåö0ILK/O�PJõ�U#�Ma�ILö0b�PMûfüMbæö0bfU$V�U\d5öZ_�UWõ�ú�PJõ�OùGJN�÷¦U$ced&GJ÷�b�ceUWÿJU\`�[DbfU\N]Y!V9d5PMIÕûfö0cLPMN�dZG�õ0U,OQceüJõ�G�ö5U\`
G�ú�ö5UWõÓUWÿJUWõ�KQ�HüJU\N�UWõ�G�ö0cLPMN�dWXåö0bfU�õ�û�N�d�[DcLö0bùOùcLüJõ�G�ö0cLPMNùõ�G�ö5U�PJú��^V�GJN�`ùú�õ�UZ�åûfU\N:÷¦K � ��GJdÓö0b�G�öÓPJV�ö0GJceNfU\`ùö5P
V�UÖö0b�UÓV�U\d5ö&ceNö0bfU$öv[ÖP�ýx_�õ�P�÷¦U\d0d0PJõ�÷WGJd5U��<cedZGJIed5PØÿJUWõ0Kæ÷WILPMd5U(ö5P9ö0b�ced<PJ_�ö0cÕOû�O7_�UWõ0ú�PJõ�OQGJN�÷¦U#�R"6Nö0b�UÓö0b�õ0UWU¦ý
_�õ0PÌ÷¦U\d0d5PJõ$÷WGJd5UJXÌU\GJ÷�bi_�õ0PÌ÷¦U\d0d5PJõ$cedÓGJIeILPÌ÷WG�ö5U\`��#�_�PJ_:û�IÕG�ö0cLPMNQO�U\OV�UWõ�d!�,+ÌceN�÷¦U�GJIeI:_:õ0P�÷¦U\d�d5PJõ�dÖö0GJ÷0gÌILU9ö0bfU
d0GJO�U9]�S ô Y$_�õ�PJV:ILU\O ��V:ûfö�U\GJ÷�b û�d0ceNfüHG/`�c��UWõ0U\NÚöÖ`fPMOQceN�GJN:÷¦U$õ0U\IeG�ö0cLPMN�d�b�cL_'��X�ö0bfU�_�PJ_²û�IeG�ö0cLPMN�d0c �WU�GJIeILP�ý
÷WG�ö5U\`Tö5PQU\GJ÷�bT_�õ0PÌ÷¦U\d0d5PJõ,OùG\KiNfPJö$V�U�U\N�PMûfüMbiú�PJõ,ceöÓö5Pùõ0U\GJ÷�b N�U\G�õ$ö0bfUHYZG�õ0UWö5P�ýxPJ_�ö0ceOQGJI}d5PMIeûfö0cLPMN:d!� K�PJõ
UWÿJUWõ0Kæ_�õ0PJV:IeU\OTX�ö0bfUWõ0U(U��ÌcÕd5ö0d&GJN�PJ_�ö0ceOùGJIå_�PJ_:û:IeG�ö0cLPMN�d0c �WU ��UWÿJU\NQ[�cLö0b�G9OQcLüJõ�G�ö0cLPMNæ_�PMIece÷¦K,�	V�U\IePR[ [Db�cÕ÷�b
ö0bfU)��+,(ØaDý�"-"DOQGRK¾NfPJöØV�U�G�V:ILUæö5PTõ0U\GJ÷�b^ö0bfU�`fU\d�cLõ0U\` üJPMGJI���KfPJõ]�S ô Y�X�ö0bfU�ö�[ÓP�ýx_�õ0PÌ÷¦U\d0d5PJõ0��+,(9a,ý�"-"
[DcLö0b Y!V#Væ_�PJ_²û�IeG�ö0cLPMN O�U\O/V�UWõ�dÓceNùU\GJ÷�bi_�õ0PÌ÷¦U\d0d5PJõ(d5UWU\OQdÓö5P�b�G\ÿJUØ_�õ�P�`�û:÷¦U\`ùGJN PJ_�ö0ceOQGJI:_�UWõ0ú�PJõ�OQGJN�÷¦U#�


ô b�UQIeGJd5öHõ0P�[2ceN^ö0b�UQö0G�V:ILUùGJIÕd5P d0bfP�[DdHö0bfUù_�UWõ�ú�PJõ�OùGJN�÷¦U�PJúÓGJN#ced0IeGJN:` ö0b�õ0UWU¦ýx_�õ0PÌ÷¦U\d0d5PJõ_��+,(9a,ý�"-"
[DcLö0b�PMûfölö0bfU�ö5õ�GJN�d5ú�PJõ�OQG�ö0cLPMNù_�õ0PÌ÷¦U\`�ûfõ0U#�H�DUWõ0UJXÌGJIeI:ö0bfõ0UWUD_:õ0P�÷¦U\d�d5PJõ�d�d0U\G�õ�÷�b ö0bfU�U\NÚö0cLõ�U�YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI
ú�õ0PMNÚöWXJV²ûföB�^V9d5PMIeûfö0cLPMN:d<G�õ�U,OQcLüJõ�G�ö5U\`�G�ölUWÿJUWõ�K9��üJU\NfUWõ�G�ö0cLPMN�d!�H+ÌcÕN�÷¦UÓGJIÕIÌ_�õ0PÌ÷¦U\d0d5PJõ�d&ceN:`fUW_�U\N�`fU\Nåö0ILK�/:N�`
d5PMIeû�ö0cLPMN�d	PMNö0bfU(YZG�õ0UWö5P�ýxPJ_�ö0ceOQGJI�ú�õ0PMNåöWX�ö0bfU(G�üJüMILPMO�UWõ�G�ö5U\`�d5UWösPJú:PJV�ö0GJceNfU\`æd5PMIeûfö0cePMN�d}cedsNfPJö<üMû�G�õ�GJNåö5UWU\`
ö5P/b�GRÿJU�GJ`fUZ��û�G�ö5UD`:cLÿJUWõ�d0cLövK#�#"völcÕdl÷WILU\G�õlú�õ0PMO ö0bfU$ö0G�V²ILU$ö0b�G�ölö0b�cÕdZ_�õ0PÌ÷¦U\`�ûfõ0U(õ0UZ��û�cLõ0U\d&OQPJõ0U,üJU\NfUWõ�G�ö0cePMN�d
ö5P�GJ÷�b�ceUWÿJUØGJNice`�U\NÚö0ce÷WGJI�båKå_�UWõ5ý�G�õ0U\GPJú�VX� h#&gS�ö0b�GJN ö0bfU�_�õ0PJ_�PMd5U\`ùö5õ�GJN�d5ú�PJõ�OQG�ö0cePMN G�_:_�õ0PMGJ÷�b [Dceö0bùV�PJö0b
ö�[ÓP GJN:`iö0bfõ0UWUH_�õ�P�÷¦U\d0d0PJõ�d!�


KZcLüMûfõ�U Y�h d�bfPR[Dd ö0bfU^PJV�ö0GJceNfU\` G�üJüMILPMOQUWõ�G�ö5U\` d5PMIÕûfö0cLPMN�d [DcLö0b�ú�PMûfõT_�õ0PÌ÷¦U\d0d5PJõ�dWX(U\GJ÷�b û:d0ceNfü��^V
_�PJ_:û�IeG�ö0cePMNùO�U\OV�UWõ�d!� ô bfU�GJIÕILP�÷WG�ö0cePMNù_:IÕGJN cedÓd5UWö(GJ÷W÷¦PJõ�`�ceN�üæö5PæUZ��û�G�ö0cLPMN�YZ&æGJN�` cÕdÓGJIÕd5Pæd�bfPR[DN ceN ö0bfU
/�üMûfõ�U#�Ma OQceüJõ�G�ö0cLPMN�õ�G�ö5U,PJú��^VHGJN:`�OQcLüJõ�G�ö0cLPMNQú�õ0UZ��ûfU\N�÷¦KPJú��ØG�õ0UDû�d5U\`��#"völcedZPJV²d5UWõ0ÿJU\`Qö0b:G�ö&PMN�ILKæö0bfõ0UWU
_�õ0PÌ÷¦U\d0d5PJõ�d���� ö5P SH��b�G\ÿJU�ú�PMû�N�`¾Oæû�ILö0cL_:IeU/d5PMIeûfö0cePMN�d�GJN:` PMN�IeK PMNfU�YZG�õ0UWö5P�ýxPJ_�ö0ceOQGJI&d0PMIeûfö0cLPMN ��O < 2 Y�X
O C 2UV �<cedZú�PMû�N�`æV�K/ö0bfU$_�õ�P�÷¦U\d0d0PJõ Y^�#1�U,PJV:d5UWõ0ÿJU$ö0b:G�ö&ö0bfU,YZG�õ0UWö5P�ýxPJ_�ö0ceOQGJI�ú�õ0PMNåö&ú�PMIeILPR[�d O C 27Y @ � O <







{^�fk�q�k�|z|�t6|Ìß�po|�uxw�Ô�à<�RÛ�t6yÏuxw�Ü¦tlÞ�Ü¦��|�p�uxw���m�k�q���{sn�n�qx��k�y�� � �
ú�PJõ O < S 
 VXWZY[����a(ö�O < 2 Y�X:ö0bfU/d�ILPJ_�UHPJúZö0bfUYZG�õ0UWö5P�ýxPJ_�ö0cÕOQGJI}ú�õ0PMNåöDced @ V


R ��X:UZ��û�cLÿ�GJILU\Nåö,ö5P GJN GJNfüMILU/PJú
YZ�#�


R S �Ø`fUWüJõ0UWU\dZú�õ0PMO ö0bfUTO < GR�fced!�R1�cLö0bö0bfU(GJIeILPÌ÷WG�ö0cLPMN_:IeGJNæd0bfPR[�NceN_KZcLüMûfõ0U Y�håX�ö0b�cedsU���ö5õ0U\OQUÓd5PMIÕûfö0cLPMN
ced$÷WG�_�ö0û�õ0U\`TV�K ö0bfUd5U\÷¦PMN�`T_�õ�P�÷¦U\d0d0PJõDGJN�`Tö0bfUWõ�UHced,NfPQNfUW[ d0PMIeûfö0cLPMNTILUWú�ö,ceNiö0bfUY<G�õ�UWö5P�ýxPJ_�ö0ceOQGJI}ú�õ0PMNåö
ú�PJõÓö0b�U /�õ�d5öÖ_:õ0P�÷¦U\d�d5PJõÖö5P�/:N:`$� 1 bfU\N [ÖU9÷�b�GJNfüJUØö0bfUØ`�cLõ0U\÷¦ö0cLPMN ÷¦PMd0ceN�U\dÖ[�cLö0b GJNiGJIeIeP�÷WG�ö0cLPMN _:IeGJN GJd(ceN
KZcLüMûfõ0ULYZ��X%d5PMIeûfö0cLPMN:d�ceN GJIeIsú�PMûfõ�_�õ0PÌ÷¦U\d0d5PJõ�d�G�õ0U�ú�PMû�N�`$� �DUWõ0UJX��^Vid5PMIeû�ö0cLPMN�dDG�õ�UæOQceüJõ�G�ö5U\`^G�ú�ö5UWõØUWÿJUWõ0K
Y!VQüJU\N�UWõ�G�ö0cLPMN�d!� ô bfU/d�ILPJ_�UHPJúZö0bfU/öv[ÖPiGR��U\d�IeceN�U\d(ú�PJõ�_�õ0PÌ÷¦U\d0d5PJõ�d0Y�X'��X`��X²GJN�` SùG�õ0UL���<� � �<�<��X
S � � �XYZ�J��X
��S � � �XYZ��XD�#� � � h#�J��X$���#� � � h#��X�h+SM� �#�<�J��XÌGJN�` � h+SM� �#�<��XD&^V �Z`fUWüJõ0UWU\d�ú�õ0PMO ö0bfU,NfUWüMG�ö0cLÿJU�O < GR�fcedWXJõ�U\d5_�U\÷¦ö0cLÿJU\ILK#�


4


1
2


3


Allocation Plan


Processor 2


Processor 3


Processor 4


Processor 1


0


0.2


0.4


0.6


0.8


1


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1


f
_
2


f_1


� � ��Î�
 �JÎÖà<��u�k�w�m�t5� ����|zpRuxw���mo�HÐ	w�ux�¾�â��p�q/n�qx�WyÏt6������qx�H�â��q
���&�<��×


3


1
2


Allocation Plan


4


Processor 1


Processor 3


Processor 4


Processor 2


0


0.2


0.4


0.6


0.8


1


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
f
_
2


f_1


���	��Î�
RÊÚÎÓà<�Ru�k�w�mot5� ����|�p�uxw���mo�HÐ	w�ux� �â��pRq/n�qx�Wy6t6������qx�/�Ñ��q
� �&�<�<Ð	w�ux�Øk(��w��MtÏqxt6mWu}k�|z|��Wy5k0uxw���mHno|zk�mÚ×


� ��� ` �  g* 
 � �_c��7a � � ��U��ÌöWX�[ÖUd5PMILÿJUHö0bfU/ö5U\d5ö,_�õ0PJV²ILU\O?]�S ô S�[DcLö0b�� 2=Y!V�ÿoG�õ�ceG�V:ILU\d��


O < ��l �)2�� < W
O C ��l �)2
	'��l ������O < W�	X�	W
	'��l �)2 Y �UY!V,��� @ Y ��� ���Q : C ���,CQ @ Y!V&÷¦PMd^��S � � Q �.�	W


����O < W�	X� 2 Y @  O < ��	 R ���XY �


��UWõ0UJX � < IeceU\d 
 VXWZY[�<GJN�` GJIÕI�PJö0bfUWõ,ÿ�G�õ�ceG�V:ILU\d � Q IÕcLU9ceN&
 @ � W%����� KZcLüMû�õ0U YZ&�d0bfP�[Dd$ö0bfU9PJV:ö0GJceNfU\` d5PMIÕûfö0cLPMN�d
[DcLö0b^öv[ÖP _�õ0PÌ÷¦U\d0d5PJõ�dØ[Dceö0b^U\GJ÷�b.b:G\ÿÌceNfü\Y!V#V _�PJ_:û�IÕG�ö0cLPMN OQU\O/V�UWõ�d!� ô bfU�GJIeILPÌ÷WG�ö0cLPMN^_:IeGJN�cedØV²GJd5U\`�ceN
UZ��û�G�ö0cLPMN\YZ& � ��UWõ0UJX �^V�_�PJ_:û�IeG�ö0cePMN O�U\OV�UWõ�d(G�õ0UHOQcLüJõ�G�ö5U\`TceN UWÿJUWõ0K��æüJU\N�UWõ�G�ö0cLPMN�d!� ô bfU /:üMûfõ0U9d0bfP�[Dd
ö0b�G�ö,ö0b�UHö�[ÓPQ_�õ0PÌ÷¦U\d0d5PJõ�d,÷¦PMO/V²ceNfU\` b�GJd,ú�PMû�N:`iö0bfU9U\NÚö0ceõ0U/YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI	ú�õ0PMNÚö!�


KZcLüMûfõ�U �^V d0b�PR[Dd/ö0bfUQõ0U\d0û:ILö0d9[DcLö0b!ö0bfõ0UWUQ_�õ�P�÷¦U\d0d0PJõ�d!� ô b:cedØö0ceO�UJX	U\GJ÷�b _�õ0PÌ÷¦U\d0d5PJõ/ced/õ�û�N^[Dceö0b hRV
d5PMIeû�ö0cLPMN�dÖU\GJ÷�b GJN:` SJV�_�PJ_:û:IeG�ö0cLPMNùOQU\O/V�UWõ�d$G�õ0U9OQceüJõ�G�ö5U\`TceN UWÿJUWõ0K�Y!V�üJU\N�UWõ�G�ö0cLPMN�d!� �ØN:÷¦UØG�üMGJcÕN%Xfö0bfU
ö0bfõ0UWUæ_�õ0PÌ÷¦U\d0d5PJõ�d�÷¦PMOV:ceN�U\` b�GRÿJU�ú�PMû�N:` ö0bfUæU\Nåö0cLõ0U�Y<G�õ�UWö5P�ýxPJ_�ö0ceOQGJIZú�õ0PMNåö!�$+ÌcÕN�÷¦U/ö0bfU�YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI
ú�õ0PMNÚö�ú�PJõÓ]%S ô S/cedlce`�U\NÚö0ce÷WGJIÌö5Pö0b�G�ö�ceNù]%S ô Y,GJN�`Qd0cÕN�÷¦U,ce`fU\Nåö0ce÷WGJI�GJIeIeP�÷WG�ö0cLPMNQ_:IeGJN�d&G�õ0U�÷�bfPMd5U\N ceN�V�PJö0b
U��Ì_�UWõ�ceO�U\Nåö0dWXåÿJUWõ�K d0cÕOQceIeG�õÖ_:ILPJö0d$G�õ0UØPJV�ö0GJceN�U\`&��÷¦PMO�_:G�õ0U KZcLüMûfõ�U_YZ�æ[Dceö0b�YZ&�GJN:`LKZcLüMû�õ0U)YZ�æ[DcLö0b �^V �	�







� � �Zt6�Ú���J��nJt���k�m�����k�w�m


0


0.2


0.4


0.6


0.8


1


1.2


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1


Pareto Front
Processor 1


1


Processor 2


2


� � ��Î�
 �MÎùà<��u�k�wzm�t5� mo��mRÔ������$w�mok�uxt5� ����|�p�uxw���m Ð	w�ux� �5Ô
n�qx�WyÏt6������q<�fk�q�k�|z|�t6|��&èorZ{	ÔÕ���²��m ���&� �(n�qx���o|�t6�Ø×


0


0.2


0.4


0.6


0.8


1


1.2


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1


Pareto Front
Processor 1


1


Processor 2


3


Processor 3


2


���	��Î�ÈoÉåÎ à<�Ru�k�w�mot6� m���m�Ô��R���$w�m�k0uxt5� ����|�p�uxw���m Ð	w�ux� ��Ô
n�qx�Wy6t6������qZ�fk0q�k�|�|�t6|Ì�ZèorZ{}ÔÕ���:��m � �&� �Ón�qx����|�t6�Ø×


� ��� ` �� +*�
����_c � � ��� ô bfU � ô Y h�ö5U\d5öØ_�õ�PJV:ILU\O ced�G ÷¦PMN�d5ö5õ�GJceNfU\` ö5U\d5öØ_�õ0PJV:ILU\O [Db�cÕ÷�b¾OQG�gJU\dØö0bfU
YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI	ú�õ0PMNÚö�G�÷¦PMO/V:cÕN�G�ö0cLPMNTPJú&G�N�û�O/V�UWõ,PJúZ`�ced�÷¦PMN�NfU\÷¦ö5U\`Tõ0UWüMcePMN�d 
��� �


� ceN:ceOQc �WU�O < ��l �J2 � < W
� ceN:ceOQc �WU�O C ��l �J2 	'��l � 
 Y @�� O = l >� = l > � W
d�ûfVÌþ5U\÷¦ö$ö5P��P��l��	� ÷¦PMd ��
 ��
O C ��l � @ � � @ d0ceN���
H� O < ��l��
	


$ � d0ceN��� � 
�d�ceN$��
H����O C ��l � @ � � � ÷¦PMd���
H� O < ��l�� � ��� � � R ���#�J�


ô bfU9ú�PMIeILP�[DceNfü�_:G�õ�GJO�UWö5UWõDÿ�GJIeûfU\d$G�õ0Uû�d5U\`��



�2 @ V
R
V@��� W $ 2�SJVXW � 2�� W �Y27Y^W . 2�� W � 2UV


R
��GJ÷�bæPJúfö0bfU /�ÿJUÖÿoG�õ�ceG�V:ILU\d � Q�IecLU\d}ceN 
 VXWZY[���#KZcLüMûfõ0U%�XYÖd0b�PR[Ddsö0bfU�PJV:ö0GJceNfU\`Hú�õ0PMNåö}[Dceö0b/GDd�ceNfüMILUl_:õ0P�÷¦U\d�d5PJõZ�
"Ïö�ced�÷WIeU\G�õ�ö0b�G�öÓNfPJöÖGJIeI�õ0UWüMcLPMN�dÖG�õ0UDú�PMû�N�`�V�K�ö0bfU ��+,(ØaDý�"-"Z[DcLö0bùGH_�PJ_:û�IeG�ö0cePMN�d0c �WU,PJú��^V#VX� ô b�ced&õ�U\d0û�ILö
G�üJõ0UWU\ds[DcLö0bØö0bfU�PJõ�cLüMceN�GJI�õ�U\d0û�ILö�õ0UW_�PJõ0ö5U\`HcÕNP
 ����� ��PR[ÓUWÿJUWõ\X�[�bfU\N ��+,(ØaDý�"-"�cÕd%õ�û�NØ[Dceö0bØö0bfõ0UWUl_�õ�P�÷¦U\d0d0PJõ�dWX
U\GJ÷�b _�õ0PÌ÷¦U\d0d5PJõ,b�GJd$G�d0b�PJõ0ö5UWõ,YZG�õ0UWö5P�ýxPJ_�ö0ceOQGJI	õ0UWüMcLPMNiö5PQ`�ced�÷¦PRÿJUWõZ�fa�d,Gæõ0U\d0û�ILöWXÌö0bfUØ_:G�õ�GJIeILU\I'��+,(9a,ý�"-"
��[DcLö0b _�õ�P�÷¦U\d0d0PJõ5ýx[Dced5UØ_�PJ_:û�IÕG�ö0cLPMNùPJúJhRV �(ced(G�V:ILUØö5P)/:N:` GJIÕI²ö0b�UØ`:ced0÷¦PMN�NfU\÷¦ö5U\`TYZG�õ0UWö5P�ýxPJ_:ö0ceOQGJI%õ0UWüMcePMN�d
� KZcLüMûfõ0U��#�J�	�R��UWõ0UJX^�^V�d5PMIÕûfö0cLPMN�d	G�õ�UÖOQcLüJõ�G�ö5U\`G�ú�ö5UWõsUWÿJUWõ�KI�,üJU\NfUWõ�G�ö0cLPMN�d!� ô b�ced%U��fGJO�_:IeU�ceIeIeû:d5ö5õ�G�ö5U\d	bfP�[
ö0bfUØ_�õ0PJ_�PMd5U\`iG�_�_:õ0PMGJ÷�b ÷WGJNTGJIÕd5P�V�U�û�d0U\` cÕN _:õ0PJV:ILU\OQd(b�GRÿ�cÕNfü�Gæ`:ced0÷¦PMN�NfU\÷¦ö5U\`Td0UWö$PJúsYZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI
õ0UWüMcLPMN:d!�


� �\[ � �� +�N� ��� 
 ����- `g� �F� � �N�;` �  g* 
 ���Nc �
��U���öWX�[ÓU/÷¦PMN�d�ce`fUWõ,öv[ÖPQö0b�õ0UWU¦ýxPJVÌþ5U\÷¦ö0cLÿJU/ö5U\d5ö�_�õ0PJV:IeU\OQd!�a ��� �W[ `���� `�'� g* 
 ���Nc ô bfU /�õ�d5ölPMNfU�ced�GO�P�`:c /�U\`QS ô �Z]$�9ö5U\d5öÓ_�õ0PJV²ILU\O b�GRÿ�ceN�ü � 27YZ�/ÿoG�õ�cÕG�V:ILU\d��


� cÕN�ceOQc �WU%O < ��l �72U� @ � Y @ 	'��l �.��÷¦PMd^��� < � �^�J��÷¦PMd#��� C � �^�J�	W
� cÕN�ceOQc �WU%O C ��l �72U� @ � Y @ 	'��l �.��÷¦PMd^��� < � �^�J��d0ceN ��� C � �^�J�	W
� cÕN�ceOQc �WU%O C ��l �72U� @ � Y @ 	'��l �.��d0ceN���� < � �^�J�	W


[DbfUWõ0U 	'��l �J2 <
� � C ���Q : ������� � �� ��� ��� C R ���#�J�


��UWõ0UJXZU\GJ÷�b ÿ�G�õ�ceG�V:IeU�� Q�IecLU\d�ceNU
 VXWZY[��� ô bfUiO�P�`:c /:÷WG�ö0cLPMN OQG�gJU\d�ö0bfUTYZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI(ú�õ0PMNåö�G ÷¦PMNåÿJU��
d5_:b�UWõ�ce÷WGJI	d0û�õ0ú�GJ÷¦U#�'KZcLüMûfõ0U��#�ùd0b�PR[DdDö0bfUæd0PMIeûfö0cLPMN�d,PJV�ö0GJceNfU\` [DcLö0b G d0ceN�üMILU9_�õ0PÌ÷¦U\d0d5PJõ���+ (Øa,ý�" "(û:d0ceNfü







{^�fk�q�k�|z|�t6|Ìß�po|�uxw�Ô�à<�RÛ�t6yÏuxw�Ü¦tlÞ�Ü¦��|�p�uxw���m�k�q���{sn�n�qx��k�y�� � �


0


0.2


0.4


0.6


0.8


1


1.2


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1


Pareto Front
Final population


� � ��Î�È 
oÎÚà<��u�k�wzm�t5��m���mRÔ��R���$w�m�k0uxt5�$����|�p�uxw���m�Ð	w�ux����w�mo~�|�tÏÔ
n�qx�WyÏt6������qs�&è�rZ{}ÔÕ���²��m����%���Ón�qx����|�t6�Ø×


0


0.2


0.4


0.6


0.8


1


1.2


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1


Pareto Front
Processor 1


1


1


Processor 23


3


Processor 3


2


2


2


2


���	��Î�È�ÈÚÎ à<�Ru�k�w�mot6� m���m�Ô��R���$w�m�k0uxt5� ����|�p�uxw���m Ð	w�ux� ��Ô
n�qx�Wy6t6������qZ�fk0q�k�|�|�t6|Ì�ZèorZ{}ÔÕ���:��m����%� �ÓnRqx���o|�t6�Ø×


G!_�PJ_:û:IeG�ö0cLPMN PJú9d0c �WU �^V#VX� ��ö0bfUWõL��+ (Øa,ý�" "æ_²G�õ�GJO�UWö5UWõ�d G�õ0U ö0bfU¾d0GJO�U¾GJdQV�UWú�PJõ�UJXlU��Ì÷¦UW_:ö ö0b�G�ö ö0bfU
÷¦õ0P�[D`�ceNfü PJ_�UWõ�G�ö5PJõ�PJú���+,(9a,ý�"-",cÕd,õ0UW_:IÕGJ÷¦U\` [Dceö0b G KZ/ 0 +�2>=�BJ4H5�� PJ_�UWõ�G�ö5PJõ9d0ceOQcÕIeG�õ$ö5P ö0b:G�ö�û�d0U\` ceN ö0bfU
+ÌY���a 
 &�����a�Ieö0bfPMûfüMb ö0b�ced�õ�UW_:IeGJ÷¦U\O�U\NåöùceN�÷¦õ�U\GJd5U\d�ö0bfU ÷¦PMO�_²ûfö0G�ö0cLPMN�GJI$ö0cÕO�UTVåK GJIeO�PMd0öQGJN PJõ�`fUWõQPJú
OQG�üMN�ceö0û�`fUJX�ö0bfU9PJV�ö0GJceNfU\`i`�ceÿJUWõ�d0cLövKùceNid5PMIeûfö0cePMN�dÖcÕdÖV�UWö5ö5UWõZ�MKZcLüMûfõ�U��gSQd�bfPR[Dd(G�övKå_:cÕ÷WGJI�`:ced5ö5õ�cLV²ûfö0cLPMNQPJú
d5PMIeû�ö0cLPMN�dsPJV�ö0GJceNfU\`æV�KG�ö0bfõ0UWU¦ýx_�õ�P�÷¦U\d0d0PJõZ÷WIÕû�d5ö5UWõ0U\`���+,(ØaDý�"-"	� ô b�UÖú�PMIeILP�[DceNfü�ö5õ�GJN�d5ú�PJõ�OQG�ö0cLPMN�OQG�ö5õ�ce÷¦U\d
G�õ0U/û:d5U\`�� �


�
� Y @ <


� C <
� CV <


� C V
V V <


� C
�
�
�


W
�
�
� <
� C V V@ <
� C Y @ <


� CV V <
� C


�
�
�


W
�
�
� <
� C V V
V <


� C V@ <
� C @ <


� C Y


�
�
� R


"6N U\GJ÷�bi_�õ0PÌ÷¦U\d0d5PJõ\X$Y!V#Væ_�PJ_:û�IeG�ö0cePMN O�U\OV�UWõ�dÓG�õ0U9û�d5U\`iGJN�`]�^V�d5PMIeûfö0cLPMN:dÖG�õ0U9OQceüJõ�G�ö5U\`iG�ú�ö5UWõ$UWÿJUWõ0K�Y!V
üJU\NfUWõ�G�ö0cePMN�d!�M"6NTV�PJö0bT÷WGJd5U\dWX ��+,(ØaDý�"-"6d,G�õ0U9õ�û�Niú�PJõ �^V#V�üJU\N�UWõ�G�ö0cLPMN�d,d0P�ö0b�G�öDd5PMIeû�ö0cLPMN�d(÷¦PMNÚÿJUWõ�üJUÿJUWõ0K
÷WILPMd5U�ö5Pö0b�U�YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI:ú�õ0PMNåö!� ô b�U /�üMûfõ0U�d0bfPR[�d�ö0b�G�öÖU\GJ÷�b _�õ0PÌ÷¦U\d0d5PJõ%/:N�`:dlGJNùGJ`fUZ��û�G�ö5UØNåû:O/V�UWõ
PJú&[ÓU\IeIâý�`�ced0ö5õ�cLV:ûfö5U\`Td0UWöDPJú�d5PMIÕûfö0cLPMN�d,cÕN cLö0dDPR[DN^`fU\d0ceüMN�G�ö5U\` õ0UWüMcePMN ceN ö0bfUYZG�õ0UWö5P�ýxPJ_:ö0ceOQGJI<ú�õ�PMNÚö!� ô bfU
÷¦PMO�_:û�ö0G�ö0cLPMN�GJIÌö0ceO�U$NfUWU\`�U\`�ú�PJõ&ö0bfU$ö0b�õ0UWU¦ýx_�õ0PÌ÷¦U\d0d5PJõl÷WGJd5U�cedZG�V�PMû�ö �<��ö0cÕO�U\d&ILU\d0d5UWõ&ö0b:GJN�ö0b�G�ö&õ0UZ��û�cLõ0U\`
[DcLö0biö0b�U/d0ceNfüMIeU�_:õ0P�÷¦U\d�d5PJõZ�


0.8
1


1.2
1.4


1.6
1.8


f_1


1
1.2


1.4
1.6


1.8
f_2


0.8
1


1.2
1.4
1.6
1.8


2


f_3


0.8


� � ��Î�È �MÎ�à<��u�k�w�m�t5�Ö����|zpRuxw���mo��Ð	w�ux�(k<��w�m�~�|�t	n�qx�Wy6t6������q²�Ñ��q
ux�ot<�$�\��w�Ò�t5� �&�%� �Ú�\×


Processor 2


Processor 3


Processor 1


0.8
1


1.2
1.4


1.6
1.8


f_1


1
1.2


1.4
1.6


1.8
f_2


0.8
1


1.2
1.4
1.6
1.8


2


f_3


0.8


� � �åÎ�È ��Î�à<��u�k�w�mot5�l����|�p�uxw���mo�fÐ	w�ux�Öux��qxtÏt�n�qx�Wy6tÏ������qx���â��qfux��t
�$�\�Rw�Ò�t5� �&�%� �Ú�\×







�5� �Zt6�Ú���J��nJt���k�m�����k�w�m


ô P�ceNÚÿJU\d0ö0cLüMG�ö5UTú�û�õ0ö0bfUWõ\X<[ÖUTb�GRÿJU G�_�_:IeceU\`!ö0bfUT÷WIeû�d0ö5UWõ0U\` ��+,(9a,ý�"-"/[DcLö0b d0c �!_�õ�P�÷¦U\d0d0PJõ�d�[DcLö0b GJN
GJIeILPÌ÷WG�ö0cLPMN¾_:IeGJN¾d0bfP�[DN^ceN�KZcLüMûfõ0U YZ� �$K<ceüMûfõ0U)�<�id0bfPR[�d�ö0b�U�G�üJüMIePMO�UWõ�G�ö0cLPMN�PJúÖd5PMIeûfö0cLPMN:dDú�PMû�N�`^ceN¾GJIeI
d0c �H_:õ0P�÷¦U\d�d5PJõ�d!�J�ØN�÷¦U(G�üMGJceN%XJGØOQcLüJõ�G�ö0cePMN/_:IÕGJN/[Dceö0b_�^VØd5PMIeû�ö0cLPMN�d<OQcLüJõ�G�ö0ceN�ü�G�ú�ö5UWõ&UWÿJUWõ0K Y!V�üJU\NfUWõ�G�ö0cePMN�d
ced<û�d5U\`$�R��GJ÷�b_:õ0P�÷¦U\d�d5PJõ�/²N�`�d}GD[ÖU\IÕIâý�`�ced5ö5õ�cLV:ûfö5U\`9d5UWö<PJú:d5PMIÕûfö0cLPMN�dsceN/G�_:G�õ0ö0ce÷Wû:IeG�õ}õ0UWüMcePMN/PMNö0bfU(Y<G�õ�UWö5P�ý
PJ_�ö0ceOùGJI�ú�õ0PMNåö!�


Processor 6


Processor 5


Processor 4


Processor 2


Processor 1


Processor 3


0.8
1


1.2
1.4


1.6
1.8


f_1


1
1.2


1.4
1.6


1.8
f_2


0.8
1


1.2
1.4
1.6
1.8


2


f_3


0.8


� � ��Î�È �ÚÎ�à<��u�k�w�m�t5������|zpRuxw���mo�%Ð	w�ux�Ø��w���n�qx�Wy6t6������qx�s�Ñ��q	ux�otZ�$�\�Rw�Ò�t5� �&�%� �Ú�\×


a ��� � �^`��N�;`&'� g* 
 ���Nc KZceN�GJIeILKJX�[ÖU¾G�_�_:ILK ö0bfU _:õ0PJ_�PMd5U\` ö5U\÷�b�N�cI��ûfU ö5P G.O�PÌ`�c /:U\` S ô �<]FS#ö5U\d5ö
_�õ0PJV²ILU\O b�G\ÿÌceNfü � 2DYZ�QÿoG�õ�ceG�V:ILU\d��


� cÕN�ceOQc �WU%O < ��l �J2 � @ � Y @ 	'��l �.��÷¦PMd^����� < � �^�J��÷¦PMd#����� C � �^�J�	W
� cÕN�ceOQc �WU%O C ��l �J2 � @ � Y @ 	'��l �.��÷¦PMd^��� � < � �^�J��d0ceN ��� �C � �^�J�	W
� cÕN�ceOQc �WU%O C ��l �J2 � @ � Y @ 	'��l �.��d0ceN������ < � �^�J�	W


[DbfUWõ0U 	'��l �J2 <
� � C ���Q : � � ��� � �� ��� ��� C R ���gSH�


��UWõ0UØö5PåPfXÌU\GJ÷�b � Q cÕdÖceN:cLö0ceGJIec �WU\`ùceN\
 VXWZY[�}GJN�`��k27Y!V#V�cÕdÓû:d5U\`$� ô bfU�õ0U\GJd5PMN ú�PJõ,÷�bfP�PMd0ceNfüæö0b�cedÖú�û:N�÷¦ö0cLPMN
ced/ö0b�G�öGJN#U\G�õ�IecLUWõd5ö0û�`fK 
 ���$b�GJdHU��Ì_�UWõ�cLU\N�÷¦U\`#`�cLøù÷Wû�Ieö0cLU\d9ceN!OQGJcÕNÚö0GJceN:ceNfü G `:cLÿJUWõ�d5Uùd0UWöPJú,d5PMIÕûfö0cLPMN�d
ceNTö0b�U/PJõ�cLüMcÕN�GJI	S ô �<]�Sù_�õ0PJV²ILU\O `�ûfU/ö5Pùö0bfUU��Ì÷¦U\d0d�cLÿJU`fU\N:d0cLö�KiPJúld5PMIÕûfö0cLPMN�d,N�U\G�õ � < 2 VùGJN�` � C 2 V
ÿ�GJIeûfU\d!� ô b�G�öd5ö0û:`fK�GJIed5P U��Ì_�UWõ�cLU\N�÷¦U\`#ce`fU\Nåö0ce÷WGJI�`:cLøù÷Wû�ILö0ceU\dØ[DcLö0b +fY ��a ��[Db:ce÷�b#û�d5U\dHö0b�U ÷WIeû�d0ö5UWõ�ceNfü
G�_�_�õ�PMGJ÷�b ú�PJõiOùGJceNÚö0GJcÕN�ceNfü `�cLÿJUWõ�d0ceö�K,�	��1�U�b�GRÿJU!GJIed5P PJV:d5UWõ0ÿJU\` G d0ceOùceIeG�õù`�ceøù÷Wû�ILövK bfUWõ0U^[DcLö0b ö0bfU
÷WIeû�d0ö5UWõ0U\`\��+ (Øa,ý�" "	�$��PR[ÓUWÿJUWõ\X�KZcLüMûfõ�U)�<� d0bfPR[�dØPMNfUQ÷WGJd5U ��[DcLö0b�Gi_²G�õ0ö0ce÷Wû�IeG�õ9ceN:cLö0ceGJIs_�PJ_²û�IeG�ö0cLPMN �,ceN
[Db�cÕ÷�b G üJP�P�` `�ced0ö5õ�cLV:ûfö0cePMN!cedPJV:d5UWõ0ÿJU\`$�Za�IeIl_:G�õ�GJO�UWö5UWõ�d�û�d5U\` ceN#ö0b�cedæd5ö0û�`fK!G�õ0U ö0bfUid0GJO�UiGJdæö0b�G�ö
û�d5U\` ceN#S ô �<]$� ��"ÏNåö5UWõ0U\d5ö0ceN�üMILKJX}ö0bfU _:G�õ�GJIÕILU\Il÷WIeû�d0ö5UWõ0U\` ��+,(ØaDý�"-"9[Dceö0b!ö0bfõ0UWU _�õ0PÌ÷¦U\d0d5PJõ�dæb�GJdæGJIL[(G\KÌd
ú�PMû�N�`#üJPåPÌ`#`:ced5ö5õ�cLV²ûfö0cLPMN^PJúDd5PMIÕûfö0cLPMN�dPMN.ö0b:ced/_:õ0PJV:ILU\O]� KZcLüMûfõ0U � h d�bfPR[DdæG¾ö�K�_:ce÷WGJIÓG�üJüMILPMO�UWõ�G�ö0cePMN
PJú&d5PMIeûfö0cePMN�dÓú�õ0PMO?GJIeI%ö0bfõ0UWU9_:õ0P�÷¦U\d�d5PJõ�d,G�ú�ö5UWõ �^V#VùüJU\NfUWõ�G�ö0cLPMN�dZ�,�DUWõ0UJX`�^VQd5PMIeû�ö0cLPMN�d$G�õ0UHOQceüJõ�G�ö5U\` G�ú�ö5UWõ
UWÿJUWõ0KUY!V¾üJU\NfUWõ�G�ö0cLPMN�dZ�B��GJ÷�b _:õ0P�÷¦U\d�d5PJõ�û�d5U\`UY!V#V�_�PJ_:û�IeG�ö0cePMN.O�U\OV�UWõ�dWX<[Db�ceILU ö0bfUTd0ceNfüMIeU¦ýx_�õ0PÌ÷¦U\d0d5PJõ
��+,(ØaDý�"-"Óû:d5U\` G�_�PJ_:û�IeG�ö0cePMN PJú&d0cI�WU �^V#VX�


� < ï}ì�òe	vñ 9�óxïsì 9b�%ì�ð7C��Zí#4:ì 9�ó�ï}ì 9


ô bfU�d5ö0û�`�K PJúÖOæû�ILö0câýxPJVfþ6U\÷¦ö0cLÿJU���a�dØ[DcLö0b¾Oæû�ILö0cL_:IeU/_�õ0PÌ÷¦U\d0d5PJõ�d�b:GJd�õ�U\÷¦U\cLÿJU\`�GiIeûfgJU¦ýx[(G�õ�O ceNåö5UWõ0U\d5ö9d5P
ú�G�õZ� "6N/ö0b:ced	_:G�_�UWõ\XR[ÖU(b�G\ÿJU(_�õ�PJ_�PMd0U\`/G,ö5U\÷�b�N�cI��ûfUÓceNH[Db:ce÷�b/U\GJ÷�b�_�õ0PÌ÷¦U\d0d5PJõZb�GJdsV�UWU\N/GJd0d0ceüMNfU\`/ö0b�U�ö0GJd5g
PJú�/:N:`�ceNfü9PMN�IeKQG/_:G�õ�ö0ce÷Wû�IeG�õÖ_�PJõ�ö0cLPMNùPJú}ö0bfU�YZG�õ0UWö5P�ýxPJ_:ö0ceOQGJI�õ0UWüMcLPMN$�Ìa d0cÕO�_:ILU$KJUWö(U���U\÷¦ö0cLÿJUHGJIeILPÌ÷WG�ö0ceNfü
_:IeGJN^b�GJdØV�UWU\N^d0ûfüJüJU\d0ö5U\`�VåK¾û�d0ceN�ü `�cLõ�U\÷¦ö0cLPMN^÷¦PMd0ceNfU\dØPJúÖö5õ�GJN�d5ú�PJõ�O�U\`�÷¦P�PJõ�`�ceN:G�ö5U�d0K�d5ö5U\Oùd!��+ÌceN�÷¦U�GJIeI







{^�fk�q�k�|z|�t6|Ìß�po|�uxw�Ô�à<�RÛ�t6yÏuxw�Ü¦tlÞ�Ü¦��|�p�uxw���m�k�q���{sn�n�qx��k�y�� � �


0.8
1


1.2
1.4


1.6
1.8


f_1


1
1.2


1.4
1.6


1.8
f_2


0.8
1


1.2
1.4
1.6
1.8


2


f_3


0.8


� � ��Î�È��MÎ�à<��u�k�w�m�t5�Ö����|zpRuxw���mo��Ð	w�ux�(k<��w�m�~�|�t	n�qx�Wy6t6������q²�Ñ��q
ux�ot<�$�\��w�Ò�t5� �&�%� �<��×


Processor 2


Processor 3


Processor 1


0.8
1


1.2
1.4


1.6
1.8


f_1


1
1.2


1.4
1.6


1.8
f_2


0.8
1


1.2
1.4
1.6
1.8


2


f_3


0.8


� � �åÎ�È �MÎ�à<��u�k�w�mot5�l����|�p�uxw���mo�fÐ	w�ux�Öux��qxtÏt�n�qx�Wy6tÏ������qx���â��qfux��t
�$�\�Rw�Ò�t5� �&�%� �<��×


_�õ0PÌ÷¦U\d0d5PJõ�dlb�G\ÿJUDö5PHö0GJ÷0gÌILUDö0b�U,d0GJO�UD÷¦PMO�_²ILU��Ìceö0cLU\dZPJú�ö0bfU,d5U\G�õ�÷�bùd5_:GJ÷¦U_��d5ö0G�õ0ö0ceNfü/ú�õ0PMO OQPJõ0U,PJõ�ILU\d�d&ö0bfU
d0GJO�U9õ�UWüMcLPMNiceN ö0bfUHd5U\G�õ�÷�bTd5_:GJ÷¦UHGJN�`iP�ÿJUWõ�÷¦PMOQceNfüQd�ceOQceIeG�õ(b�ûfõ�`�ILU\dÖö5P�õ0U\GJ÷�b NfU\G�õ$ö0bfU9YZG�õ0UWö5P�ýxPJ_�ö0ceOùGJI
ú�õ0PMNÚö	��X%G OQcLüJõ�G�ö0cePMN _�PMIece÷¦KTPJúÖd5U\N�`�ceN�ü G ú�UW[*üJP�P�`^NfPMNÌý�`�PMOQceN�G�ö5U\`¾d5PMIeûfö0cePMN�d,ú�õ0PMO PMNfUæ_�õ0PÌ÷¦U\d0d5PJõØö5P
PJö0bfUWõ$_�õ�P�÷¦U\d0d0PJõ�d$b�GJd$GJIed5P�V�UWU\NTd0ûfüJüJU\d0ö5U\`$� �ØNiG�Nåû:O/V�UWõ(PJú}öv[ÖPùGJN:`iö0bfõ0UWUØPJVÌþ5U\÷¦ö0cLÿJU9ö5U\d5ö$_�õ0PJV²ILU\OQdWX
ö0bfUÓUWøù÷WGJ÷¦KHPJú�ö0b�UÖ_�õ�PJ_�PMd0U\`Hö5U\÷�b:N�cI��ûfUÖb�GJdsV�UWU\N`�U\O�PMN�d5ö5õ�G�ö5U\`æû�d0cÕNfü ��+,(ØaDý�"-"	��"vöZb�GJdsV�UWU\N/PJV:d0UWõ0ÿJU\`
ö0b�G�ö,ö0b�U/û�d5U9PJú&Oæû�ILö0cL_:IeU�_�õ�P�÷¦U\d0d0PJõ�d,OQGRK V�U9ú�PMû�N�`iV�U\NfU!/:÷WcÕGJI%ceNiüJUWö5ö0ceNfü G�[Dce`fU\IeKù`�ced5ö5õ�cLV:ûfö5U\`id5UWö,PJú
d5PMIeû�ö0cLPMN�d([DcLö0bTGùd0ûf_�UWõ5ý�IeceN�U\G�õÓ÷¦PMO�_²ûfö0G�ö0cLPMN�GJI	d0_�UWU\`fý�ûf_��


ô b�UÓö5õ�GJN�d5ú�PJõ�OQG�ö0cLPMN�ö5U\÷�b�N�cI��ûfU(_�õ0PJ_�PMd5U\`�cÕNö0b:cedZ_:G�_�UWõlced&ceIeIÕû�d5ö5õ�G�ö5U\`ú�PJõÖd5PMILÿÌceNfü�_�õ0PJV:ILU\Oùd<b:G\ÿÌceNfü
G ÷¦PMNÚÿJU�� YZG�õ0UWö5P�ýxPJ_�ö0ceOQGJIØú�õ0PMNåö!� ô bfU¾G�_:_�õ0PMGJ÷�b ÷WGJN GJIed0P#V�U G�_:_:IecLU\` ö5P _:õ0PJV:ILU\OQd b�G\ÿÌceNfü G NfPMNÌý
÷¦PMNåÿJU��#YZG�õ0UWö5P�ýxPJ_�ö0ceOQGJIÖú�õ0PMNÚö/[DcLö0b!G�_�_:õ0PJ_�õ�ceG�ö5UQ÷�bfPMce÷¦U PJú(÷¦P�PJõ�`�cÕN�G�ö5UQö5õ�GJN�d0ú�PJõ�OùG�ö0cLPMN�d!����PR[ÓUWÿJUWõ\X&G
`�c��UWõ0U\Nåö}ö5õ�GJN:d5ú�PJõ�OQG�ö0cLPMNö5U\÷�b�N�c �åûfUÓ÷WGJNæV�U�ö5õ�cLU\`[DcLö0b ô ÷�bfUWV�K�d�bfUWÿ/O�UWö5õ�cÕ÷Wd%
���fGJN�`[DcLö0bHPJö0b�UWõ<V²ceGJd0ceNfü
ö5U\÷�b:N�cI��ûfU\d$_�õ0U\d0U\NÚö5U\` ceN +�U\÷¦ö0cLPMN � � "6N GJN GJNfPJö0bfUWõ�ced0IeGJN:`TG�_�_�õ0PMGJ÷�b%X:GJN U\OQ_:b�GJd0ced(PJúZö0bfU/_�PJ_²û�IeG�ö0cLPMN
O�U\OV�UWõ�dl`�ced�d0ceOQceIÕG�õsö5Pö0bfUDOQcLüJõ�G�ö5U\`QceN�`�ceÿ�ce`:û�GJIed<OQG\K�ILU\GJ`ùö5PHú�PJõ�OQG�ö0cLPMNQPJú%NfPMNfýxPRÿJUWõ�IeG�_:_:ceNfüH÷WIeû:d5ö5UWõ�d
PJú�YZG�õ0UWö5P�ýxPJ_:ö0ceOQGJI$d5PMIeû�ö0cLPMN�d!� �DUWÿJUWõ�ö0bfU\ILU\d0dWX&d0cÕN�÷¦U cÕN#O�PMd0öæõ�U\GJIâýx[ÖPJõ�Ie` G�_�_:Iece÷WG�ö0cePMN�d÷¦PMNåÿJU�� Y<G�õ�UWö5P�ý
PJ_�ö0ceOùGJI�ú�õ0PMNåö0dæG�õ�U U\N�÷¦PMû:NÚö5UWõ0U\`	X<ö0b�U ö5U\÷�b�N�cI��ûfU _�õ0PJ_�PMd5U\` ceN!ö0b�cÕd/_:G�_�UWõ�d0bfPMû�IÕ`.b�GRÿJUiG¾[DcÕ`fU¦ý�d0÷WGJILU
G�_�_:IÕce÷WG�V:ceIeceö�K#�


� 4,6 4�îJ4:ìÖòX4 9


��× ��×�ç²q�k�m�ä¦t��å�<×Újlk�p���|�tÏq5��k�mo�ãÖ×åè\yv���$t6y�äM×Ór<p�w �Rw�mo~��Öpo|�uxw�ÔÕ���\Û�t6yÏuxw�Ü¦tÖt6Ü¦��|zpRuxw���m�k0q��k�|�~���qxw�ux���$�&ux�0Ð�k�q��R�&wzmWuxtÏqxtÏ��uxwzm�~
qxt6~�wz��mo�6×���t6y��om�wzy6k�| �st6nJ��q�u}�<��×+��� �R����mo��uxw�uxpRuxt&{s� �fçs���<mow�Ü¦tvqx��w�u��D���fjlk0qx|z��qxp��ot��Jr<tÏqx�,k�mW�W���������\×


�\× �s×�{l× �s× ���WtÏ|z|��R� �Ó×f{l×��²k�m��:t6|z���\p�wzáÏt6må�åk�mo�QrÖ×f�åk��$��mWu5×��
	��� ������������������ � ���!�"�$#&%('*)+���-,.�� 	/�"�&�10��� ����24365"798;:<���"	�8
=>�;� 5+?8!%@'�×²ç�����ux��mÚ�MßØ{��j&|�pWÐ�tÏqs{sy6k���tÏ�$wzyZ�:p��o|�w����otÏqx�6�J�������\×�R×Öj(× �Zt6�å×A0��B ���"2C� 5"7/84:<���$	�8@�!D.���$%(�?E/���������F��'4�"�&�G8!	��� ���������.�����G�� � ���!�$�$#�%('x× ���ow�yv��t6��uxtÏq5�B�<j �RÙTw�|�tÏ�W�o�����\��×��×Öj(× �Zt6�å×Jß�po|�uxw�ÔÕ���\Û�t6yÏuxw�Ü¦t	t6Ü���|�p�uxw���mok�q��Ók�|�~���qxw�ux�o�$� �¦��mWu�qx�\��poyÏwzm�~<��w k���k��$��m�~&�²k0qxtÏux��ÔÕ��n�uxw��,k�|R����|�p�uxw���mo�6×J��m${�×¦r<�o�����
k�mo�lèM×0����pRux��powL�5t5�Rw�ux��qx�6��HI#�8;�����J����K*�AD D� ��:4����������'L�M)N�>	��� ���������.���!�@OP��%QD����R���������TS�U*8;:�8!���LH��48!�.K�'x×��å��m�����m �5èRn�qxw�m�~�tÏq�Ô
�:tÏqx|zk�~��ow�m�n�qxtÏ���6×�\×Öj(×��ZtÏ�å�\{l×\��q�k0u�k�nÚ�\k�mo�D�<×�ß�tv�\k�qxw�Ü�k�må× ����mo��u�q�k�w�m�t5�,uxtÏ��u�n�qx���o|�t6�$���â��q%�Óp�|�uxw�ÔÕ���\Û�tÏyÏuxw�Ü¦t	t6Ü¦��|�pRuxwz��m�k0q��$��nRuxwz�$w�á5k0uxw���må×
��mF=>�;�/:�848;K��"�&��'V�M)W�$#�8JXL�"��'4�AY����Z8!����������������
OP���+)/8!�48!�.:!8V�����>	��� �������������!�-0��� ����24ON�!�"�Z8!�������[3�D.���"%@�?E/���������]\$�A0^3
2M_�`!a5�
n�k�~�t6�<���%��b\�����\�Ú�����R��×


�R×Öj(× �<t6�å���:×	����wztÏ|zt��}ß×	��k�po�,k�momo�6��k�mo�TÞ	×��Mw�uxá6|�tÏq5× èRy6k�|zk���|zt/�Óp�|�uxw�ÔÕ���RÛ�t6yÏuxw�Ü¦tH��nRuxwz�$w�á5k0uxw���miuxt6��u�n�qx���o|�t6�$�6×!��m
=>�;�/:�8484K��"����'@�M)c�$#�8TOP�������48!'4'd���G�>	��� ���������.���!��OP��%�D.���R���������e\4OI�cOf2Rg�_�_�g/a5�Jn�k�~�t6�}��� �/bW� ���R�å�����¦�W×�\×Ö�v× �s×\�fk�qx�$tÏt����Ó× ��t6ÜWuxä¦�0ÜRw4hy��¦{�×�Ù^×�Ù�k�ux����mÚ�\k�mo� �s×��l×Wç���mo��k��Ø×Úß�po|�uxw����\Û�tÏyÏuxw�Ü¦t<�xk0uxwz���âk�yÏuxw���mDÐ	w�ux�ow�mDk�m$w�mWuxtÏq�k�yÏuxw�Ü¦t
t6Ü¦��|�p�uxw���mok�q�����t6��w�~�m�t6m\ÜRw���qxmo�$t6mWu5×P�>	��� ���������.���!��OP��%�D.���R���������Fi����������� �����Õ��� �z� � �+bR�����\���������\×


�R×ÓÞ%× �Mw�uxá6|�tÏq5�¦j(×��Zt6�Ú�W�:×W���ow�t6|�t�� �s×\{l× �s× ���Wt6|�|����Rk�m�� �Ó× ����qxmot��Wt5��w�ux��qx�6×��>	��� ���������.�����d0��� ����24ON�!�$�Z8!�!�����j3�D.���$%(�?E/���������
\$k�8;:<�����48WlJ���Z8!'J�"�^OP��%�D.���Z8!�d,.:<�R8!��:�8@`�m m�n+a5×²ã<t6wz�Rt6|��JtÏqx~ ��èRnRqxwzm�~�tÏq5�������R��×







�5� �Zt6�Ú���J��nJt���k�m�����k�w�m


�R×ÓÞ%×��Jw�uxá6|�tÏqÖk�m���:×����ow�t6|�t�×�ß�po|�uxw����\Û�tÏyÏuxw�Ü¦t$t6Ü¦��|zpRuxw���m�k0q���k�|�~���qxw�ux���$� �Ì{.y6���$nok�q�k�uxw�Ü¦tÓy5k���t,��uxp��\�/k�mo�/ux�otÓ��u�qxt6mo~�ux�
n�k0qxtÏux�$k�non�qx��k�y��å×>YM�P�L� HB�;���B'<��:<��������'@���G�>	��� ���������.���!��OP��%QD.���R���������o� �R� �W� � � � �/bR� �\���f� � ���R×






