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> ?A@CB�D�EGFIH�J1KLD1MONQPRD	STKLUQKVSW@CB�D1K
XZYW[]\VD	SG^%_TX`

HaM]bAb*[cYdSaeQD�YWD1fg?hD1YWfg?ADji;k�l0mOnco4FqpGf	SL[OrAYLD�o]scsco&FqoOm�bAMOtOD1K

uRv�w1xCy7zh{OxO| > ?A}~KRbAM]b;DCY�bhYLD2KdD1i0SWK�M�KdSWM]SL}�KVSW}~f1M]�TB�[QeQD1�T[]��KLD	SL��McKLKL[Qf	}�M7SL}~��}�SVUc���}�f(SW}�B�fCMcfg?h}�iAt
MOiAe�KL�OD1�D2e���McKLKL[Qf	}�M7SW}���}�SVUO� ��}�SW?�MOi�DCB�bh?AMcKd}�K�[Oi�KL�OD1�D2e���MOKWKd[Qf	}�M7SW}���}�SVUO����D�Kd?h[7�#SW?AM7S�KdDCSd�
McKLKL[Qf	}�M7SW}���}�SVU�}�K%ih[]S�DC��fC}�D1i0S%��?hD1iRSW?hD&�[cYL��}~iht]��KLD	SKL}��1D&}~K f	�~[cKLD�SL[�SL?hD�fCMcfg?hD&Kd}~�CDc����D&YLDC��DCY%SL[
SW?h}�K9MOK�SL?hD&�Q�*���$�¡ 7¢L£]���0¤O¥�¦C§	�QbAYL[crh��D1B¨�$��DaKd?h[7��SW?AM7S9��}�f(SL}~B���f1MOfg?h}~ihtG}~K=iA[]S9M�bAYWMcf(SL}�fCMO�QKd[c��NQSW}�[ci
SW[�SW?hD�NhiA}�SG�[cYL��}~iht]��KdDCSabhYW[Orh�~DCB#DC}�SL?hD1Y1�
MO��SW?h[ONhtc?���}~f	SL}~B©f1MOfg?h}~iht�D1B�Nh��M7SWD1Ka��Nh���9McKLKL[Qf	}�M7SL}~��}�SVU
��[cY��%[OYW�0}~ihtO��KLD	SgK�B�NAfg?ª��M]YWtODCY�SW?AM]i«SW?hD¬��}~f	SL}~BrANQ®;D1YR}�SWKLDC���V�jp�i«SW?hD¬[OSL?hD1Y�?AM]i*e«�D¬KL?h[7�
SW?AM7S�o7�¯� M°U¬KL�ODC�%D1e�MOKWKL[�fC}~M]SL}~��}�SVU�D1B�Nh��M7SWD1K&��Nh�~�McKLKL[Qf	}�M7SW}���}�SVU¨��[OY��%[OYW�0}~ihtO��KLD	SgK�NAb±SW[�?AM]��� SL?hD
f1MOfg?hDaKL}~�CDO�0M]iAe�SW?AM7S²]�¯� M°U�KL�OD1�D2e���McKLKL[Qf	}�M7SW}���}�SVU�}~KZMO��B�[0KVSZD2³cNA}��7M]�~DCi0SZSW[&��Nh�~�;McKLKL[Qf	}�M7SL}~��}�SVUc�]}¯� Dc���
KL�OD1�D2e���MOKWKd[Qf	}�M7SW}���}�SVU�}�KaM�bhYgMOf	SL}�fCM]�
KL[O�~NQSL}~[Oi�SL[�SW?hD�Nhih}�Sa�%[OYW�0}~ihtO��KLD	S%bhYL[crh�~DCB¨�
´�µ0¶¸·W¹�º y7»�wO| bhYW[Qf	D1KWKL[OY2��f1MOfg?hDc��fC[OiQ¼A}�f(SgKC�ZKL�OD1�D2e���MOKWKd[Qf	}�M7SW}���}�SVUO�$KLD	SL��McKLKL[Qf	}�M7SW}���}�SVUO���0}�f(SW}�B��
f1MOfg?h}~iht*��KdSWM]SL}�KVSW}~f1M]�
B�[QeQDC�
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��� w���� � | ^D	SLSLDGJ	SLN*eQD�bAYLJ2KdD1icSWDTNhiRB�[QeQ@1��D&KdSWM7SW}~KdSL}�³0NhD�ehDTSWYL[c}~KB�J	SL?A[�ehD1K%eQD�YWJ1KL[O�~NQSW}�[ci�eQD1K
fC[OiQ¼*}�SgK�ehM]iAKa��D2K B�J1B�[O}~YLD2K�fCMOfg?AD&ehD1K�bhYW[Qf	D2KLKLDCNhYgK��9��� MOKWKL[�fC}~M]SL}~��}�SWJGb*M]Y�DCi*KdD1B�rh�~D1K1�Q��D�f1MOfg?hD�eQD
��}�f(SW}�B�D1K1�9D	S���� MOKWKL[�fC}~M]SL}~��}�SWJ�rh}~MO}~KLJCDc���T[ONAK�B�[ci0SLYW[OiAK�³cNADR��� McKLKL[Qf	}�M7SL}~��}�SWJ�bAM]Y�DCiAKLDCB�rh�~D1K�i�� D2KVS
b*MOK�NhihD�B�J	SL?A[�ehD�DC��f1MOfCD��~[OYgKL³0NhD���D�ih[cB�rhYWD�e�� [crQ\VD	SgK! KVSW[Qfg�ODCY&ehMOiAKG��D�fCMcfg?hD�D2KVS�bhYW[Qfg?hD�eQD
��M¨SgM]}~���~DReQN f1MOfg?hDc�4^DC��M�ihJ1fCD1KWKd}�SLD1YWMO}�S���� MOKWKd[QfC}~M]SL}~�0}�SLJ�fC[OB�bh�~@	SWDO�9³0Nh}¡D2KVS�eQ}���fC}��~D" �B�D	SLSLYWDRD1i
[�D1Nh��YLDZD1i�bhYgM7SW}~³0NhDc�#�T[ONAK�B�[Oi0SLYW[OiAK�³0NhD¡�~D fCMOfg?AD¡eQD%�0}�f(SW}�B�D2K�b;DCYWB�D	S9eQDKL}~B�Nh�~DCY���� MOKWKL[�fC}~M]SL}~��}�SWJ
fC[OB�bh�~@	SWD�b;[ONhY Nhi�ih[OB�rhYWDGe$� [Orh\VD1f(SgK%r*D2M]NAfC[ONhb�bh��N*KtcYWMOiAe�³0NhDG��D�f1MOfg?hDGeQD���}�f(SW}�B�D&��NA}���B
%CB�DO�
^D1b*D1iAehMOicS2� f	DCSdSLD�B�J	SW?h[QeQD�ihD�YLJ2Kd[cNQS�bAMcKG��D�bhYW[Orh�~@CB�DO�'&(� McKLKL[Qf	}�M7SW}���}�SLJ�rA}~MO}~KLJCDc�
DCi4YWDC�7MOiAfg?hDO�
YWJ1KL[ONhS¡bhYgM7SL}�³0NhDCB�D1icS%��DGbhYW[Orh�~@CB�D'�=D1���~DTD2KVS bhYW[�fg?ADTeQDG��� MOKWKd[QfC}~M]SL}~�0}�SLJ�f	[OB�bh�~@	SWD�M°�cD1faKLDCNh�~DCB�D1icS
SWYL[c}~K r*M]iAf1KC�
)!º x2w · {+* � w�| bAYL[Qf	D2KLKLDCNAY1��fCMcfg?hDO�hfC[OiQ¼A}�SWK1�AMcKLKL[Qf	}�M7SL}~��}�SWJO��B�[QeQ@C�~D�KVSgM7SW}~KdSL}�³0NhD
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^%Mcfg?h}~iht¬}�K�M4rAMOKL}~f�SLD2fg?hih}�³cNAD�[O�Tf	[OB�bhNhSLDCY�M]Ygfg?h}�SLD2f(SLNAYLDc��N*KdD2e���[OY�B�M]i�U�eQ}�®¸DCYWDCi0S�bhNhYWb*[0KdD2KC�
� D1ihDCYgM]�~�~U�KLb*D2M]��}�iAtA�cM�fCMOfg?AD�}~KM�eQD1eh}~f1M7SLD2e�B�DCB�[OYWU���?h}�fg?�SLYW}~D1K9SW[�?h[c�~e�M&�%[OYW��}�ihtO��KLD	S9[O�
eAM7SWM
}~i0SL[�M��~}�B�}�SLD2e�KdbAMcf	Dc�¡> ?hD�ehM]SWM�B�M°URr;D�MOf	SLNAMO� bhYW[OtOYgM]B eAM7SWMA�hbhYW[OtcYWMOB }�iAKdSLYWNAf	SL}~[OiAK1�AMOeAeQYLD2KLK
SWYWMOiAKL�~M]SL}~[OiAK1�1rAYWMOiAfg?�bhYWD1eQ}�f(SW}�[ciAK1�2B�D1B�[cYLU�eQD1b*D1iAeQD1iAf	U�bhYWD1eh}~f	SL}~[OiAK1�°[OY���?AM7SWDC�OD1Y1�=^[OYWYLD2Kdb;[OiAeQ�
}~ihtc��Uc�$SW?hD�f1MOfg?hD�B�M°U�r*DRM4ehM7SgM¬fCMcfg?hDO�=M]i�}~iAKdSLYWNAf(SW}�[ci�fCMOfg?ADO�=M¬> &��G��M��%>��G��D	SWfO���~�¬>�[¬r*D
tcDCihD1YWMO�.���%D&��}��~�$KLb*D2M]��}~i SL?h}�KaKdSLNAeQUR[]�9M��%[OYW��}�iAt]��KdDCS[]�a ��� C§��	�.¦(�

`�[cB�D	SL}~B�D1K�M�fCMOfg?ADG}�KaiA[]STM]rA��D�SW[�?h[O��e�SL?hD���?h[O�~D�[]�ZM��%[OYW�0}~ihtO��KLD	S2�QrhNQST[cih��U M�bAM]YLSa[]�=}�S1�
!�i�SL?A}~KaKdSLN*eQUO�h[crQ\VD1f	SWK%SW?AM7S�SW?hD�fCMcfg?hDGf1M]ihiA[]S�?h[O��e¨M]YWD�YWD	��D1YLYWD1e�SL[�McK#"���¦g¦(���0¤  ��� C§��	�.¦(�$!VeQD1MO���~UO�
MRfCMOfg?AD�B�NAKdS�B�}~ih}�B�}~�CD�SL?hD�i0NAB�r;DCYT[O�9B�}�KWKd}~iht�[crQ\VD1f	SWK1�A��?h}~��D�bhYW[7�0}�eQ}~iht�MOKa� MOKdS�M]i¬McfCfCD1KWKTMOK
b;[cKWKL}�rh�~D�SL[�[crQ\VD1f	SWK��~U�}�iht¨}~i�SL?hD�f1MOfg?hDc�&%a[7�%DC�cDCYGSL?hD2KdD�SV�%[¨YLD2³0Nh}�YWDCB�D1icSgK�M]YWD�M]i0SL}~ih[OB�}�f]�R_
� McKVS¡McfCfCD1KWK=SL}~B�DO�0��?h}~fg?�}~B�bh��}~D1K¡?AM]YgeQ� M]YWD%KL}~B�bA��}�f	}�SVUO�0}~KZtODCiADCYgM]�~��U�[crQSWMO}�iAD1e�M7S9SW?hDTfC[cKdSZ[]� Kd[cB�D
i�NhB�r*D1Y�[O��B�}�KWKd}~iht4[crQ\VD1f	SWK1�('�}�KWKd}~iht¬[crQ\VD1f	SWK�B�M°U�r;D�eQNhD¨KL}�B�bh�~U�SL[¬SW?hDR�%[OYW��}�iAt]��KdDCS�r*D1}�iht
��M]YWtOD1Y&SL?AMOi�SL?ADRfCMcfg?hDO�¬> ?hD1U±B�M°U�M]��Kd[�r;D�ehNhD�SL[4SL?hDR?AMOKL?h}~iht���NhiAf	SL}~[Oi�N*KdD2e�SL[4McfCf	D2KLK�SL?hD
f1MOfg?hDc��}�i¨��?h}�fg?�fCMOKLD�SL?hD1U�M]YWD�fCMO���~D1e)�g 7��*%���C� B�}~KWKLD1K1�

`�D1�OD1YWMO��KL[O�~NQSL}~[OiAKT?AM°�OD�r;DCD1i¬bhYW[Ob;[cKLD1e SW[�YLD1B�[7�OD�f	[ciQ¼A}�f(SGB�}�KWKdD2KC��`QD	Sd��MOKWKL[�fC}~M]SL}~��}�SVU�}~KTSL?hD
B�[0KVS=��}~ehDC�~U�NAKdD2e�KL[O�~NQSW}�[ci ��!�SZf	[ciAKL}~KdSWK�[]�;Kdbh�~}�SdSL}~ihtGSL?AD f1MOfg?hD}�i0SW[GKLDC�cDCYgM]�0rAM]ih�¸�7D2MOfg?�r*M]ih��bhYW[]�
��}�eQ}~iht�M�b;[cKWKd}~rh�~DG�~[QfCM]SL}~[Oi���[cY MOi�[crQ\VD1f	S MOiAe�r*D1}�iht�MOf1f	D2KLKLD1eR��}�SW?RSW?hD�KLMOB�DG?AMcKd?h}~iht���NhiAf(SW}�[ci �
��D�KL?h[7��}~i±SW?h}�K�KVSWNAeQU4SL?AM]S1�$��?A}��~D�D	®¸D1f	SL}~�OD�M7S�KL[O�~��}�iht�SL?AD�f	[Oih¼A}~f	S�B�}�KWK�bhYW[Orh�~DCB ��?ADCi�SL?hD
�%[OYW��}�iAt]��KdDCSa}~KTB�NAfg?4KLB�M]�~��D1YaSW?AM]i�SW?hD�f1MOfg?hDc�;KLD	SL��McKLKL[Qf	}�M7SW}���}�SVUR}�KTih[OS��cDCYWURD	��fC}�D1icSG��?hDCi4SL?hD
�%[OYW��}�iAt]��KdDCS%KL}��1DG}�K�f	�~[cKLD�SL[�SL?hD�f1MOfg?hD�KL}��1DO�=�±D&YWD	��D1Y SL[�SL?h}�K�MOK%SW?hD��Q�A����¡ 7¢L£]���0¤O¥�¦	§C�
bhYW[Orh�~DCB¨�

+�}~f	SL}~B���fCMcfg?h}~iht-, m/.$?AMOKar*D1DCi¨bhYW[Ob;[cKLD1e�}�i�E0�0Os�MOK�M�KL[O�~NQSW}�[ciRSW[�SL?hD�fC[OiQ¼*}~f	SaB�}�KWK�bhYW[Orh�~DCB
}~i�eQ}~YLD2f(S�B�M]bhb;D1e�fCMcfg?hD1K1�1!�S�f	[ciAKd}�KdSWKG[]��MOeheh}�iht�M¨KLB�MO���=��NA���~U0��McKLKL[Qf	}�M7SL}~�OD�rhNQ®¸DCY�SL[¨?h[O��e±SL?hD
2 ��}~f	SL}~B�K�3�[]��f	[Oih¼A}~f	SWK�}~i�SL?hDRB�MO}�i�f1MOfg?hDc���±DRKL?h[7� }�i�SL?A}~K�KVSWNAeQU¬SW?AM7S���}�f(SW}�B���fCMOfg?A}�iht¨D1B�NQ�
��M7SWD1K��Nh�~�$MOKWKL[�fC}~M]SL}~��}�SVU���[cY%�%[OYW��}�iAt]��KdDCSWKB�NAfg? �~MOYLtcDCYSL?AMOiRSW?hD&��}~f	SL}~B rhNQ®¸DCY�}�SWKLDC���V�AfC[Oi54AYWB�}�iAt
bAYLD1�0}~[ON*Kd�~U�bhNhrA��}�Kd?AD1e¨D	PQb;DCYW}�B�D1icSgM]�
[crAKdD1YL�7M]SL}~[OiAK1�6%a[7�%DC�cDCY2���0}�f(SW}�B���fCMcfg?h}�iAt�}�KaiA[]STM�bhYgMOf	SL}�fCM]�
KL[O�~NQSW}�[ciRSW[�SW?hD�Nhih}�Sa�%[OYW�0}~ihtO��KLD	S bhYW[Orh�~DCB¨�

`��cDC�%D1e���MOKWKL[�fC}~M]SL}~��}�SVU¬� MOK�}�i0SLYW[QeQNAfCD1e�}~i�E�070O²¨MOK�M]i�}~B�bAYL[7�cDCB�DCi0S�[7�OD1Y�KLD	Sd��MOKWKL[�fC}~M]SL}~��}�SVUc�
> ?AD r*MOKL}~f�}~ehD1M�f	[ciAKd}�KdSWK�[]�G}�iAehD	PQ}�iAt±SW?hD�rAMOih�QK���}�SL?ªeQ}�®¸DCYWDCi0S�?AMOKL?h}~iht4��NAiAf(SW}�[ciAKC��`��cDC�%D1e��
McKLKL[Qf	}�M7SW}���}�SVU�� MOKZ}~ih}�SL}�M]�~��U�bhYW[Ob;[cKLD1e���[cY¡}~iAKdSLYWNAf(SW}�[ciAKMOiAe�ehM]SWM�f1MOfg?hD2K8,~E1s/.��9!�S� MOK¡�~M]SLDCY KL?h[7��i
SW?AM7S¨Kd�cDC�%D1e���MOKWKL[�fC}~M]SL}~��}�SVUc�%NAih��}~�OD�KdDCSd��MOKWKd[QfC}~M]SL}~�0}�SVUO� }�KRYgM7SW?hDCY�}�i*KdD1iAKd}�SL}~�OD4SL[ KdbAM]SL}�M]�G��[Qf1M]�~}�SVU
DC®;D2f(SgK:, o.��¸MOiAe�}�KTDC��f	}~DCi0ST��[cYTB�M]i�U SVU�b*D2Ka[]�Z[crQ\VD1f	SWK;,�EcE<.��='�[cYLD1[7�ODCY2�AKLDC�cDCYgM]� }~B�bh��D1B�DCi0SWMOrh��D
YWDCbA�~Mcf	DCB�D1icS b;[O�~}~fC}�D2K��D1YLDGbhYW[Ob;[cKLD1e
�QiAD1M]YW�~U�MOK tO[�[Qe MOK &$H?>@,~EOE<.��

> ?h}�K�KdSLNAeQU ?h}�tc?h�~}�tc?cSgK�SW?hD � MOf	S�SW?AM7S�SW?hD¨D	��f	}~DCiAfCU�[]�&Kd�cDC�%D1e���MOKWKd[QfC}~M]SL}~�0}�SVU4}�K�}�iA?hDCYWDCi0SL�~U
KdSWM]SL}�KVSW}~f1M]� M]iAe eQ[�D1K�ih[]S�YLD1��U�[Oi M]i�U�fg?*M]YgMOf(SWDCYW}~KdSL}�fCK�[]��SL?AD MObhbh�~}~f1M7SL}~[Oi*KC�±�±D¨Kd?A[7� SW?AM7S�o°�
� M°U�Kd�cDC�%D1e���MOKWKL[�fC}~M]SL}~��}�SVU�DCB�Nh�~M]SLD2K���NA������McKLKL[Qf	}�M7SW}���}�SVU±��[cY��[cYL��}~iht]��KdDCSWK�Nhb SW[�?AM]���TSW?hD�fCMOfg?AD
KL}~�CDO�*M]iAe�SL?*M7S�²]�¯� M°URKL�ODC�%D1eQ��McKLKL[Qf	}�M7SL}~��}�SVU�}�KaM]�~B�[cKdSaD1³0Nh}~�7M]�~DCi0S�SL[���NA����MOKWKd[Qf	}�M7SW}���}�SVUO�¡> ?*M7Sa}�KC�
KL�OD1�D2e���MOKWKd[Qf	}�M7SW}���}�SVU�}�KaM�bhYgMOf	SL}�fCM]�
KL[O�~NQSL}~[Oi�SL[�SW?hD�Nhih}�Sa�%[OYW�0}~ihtO��KLD	S%bhYL[crh�~DCB¨�

`�D2f(SW}�[ci o�eQD1KWf	YW}~r*D2K�[ONhY�M]bhbhYW[cMcfg?4SW[¨SL?hD�bhYW[Orh�~DCB M]iAe�bhYWDC�~}~B�}~iAMOYLU4McKLKLNhB�bQSW}�[ciAK&��[OY�SL?hD
B�[QeQD1�.��`�D2f(SL}~[Oi*KR²h� l MOiAe�m�eQD2KLfCYL}~r;D¨SL?hD±B�[QeQD1�a��[cYRKdDCSd��MOKWKd[QfC}~M]SL}~�0}�SVUO�%��}~f	SL}~B���f1MOfg?h}~iht�M]i*e
KL�OD1�D2e���MOKWKd[Qf	}�M7SW}���}�SVURYWD1KLb*D2f(SW}��cDC�~UO�¸��}�SW?�M���[Qf	NAK&[ci¬SL?AD�NhiA}�S��%[OYW�0}~ihtO��KLD	STbAYL[crh��D1B¨��`�D1f	SL}~[Oi�m
[ci�KL�OD1�D2e���MOKWKd[Qf	}�M7SW}���}�SVU�f	[Oi*KVSW}�SWNQSLD2K�SL?hD�B�M]}~i�bAM]YLS9[]�;SL?hDaKdSLN*eQUO���±D�D1B�bh?AMOKL}~�CD%SL?hD�bA�~Mcf	DCB�D1icS

ABADC	EGFIH<J<K
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8 free objects
8 cache locations

phase 1 is finished

phase 2 starts:
place an arbitrary object
in an empty location

7 objects placed
1 missing object
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