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C�<�<�LNK\Q�T�M�>�L ����|%PNTYE�TA= LNK,Q�T�M�>�L�9 C�E�TaLNK�L�?B<JT�C�^oLNK,Q�T�M4C�LNQ·ChAiK�M�M�>�S�<�F;TYW'A�=GF
M�:�SNM�TY=gK�^�LNK,Q�T�MB7DCFEG7¾C�M%LNK�L�?B<JT�C�^2LNK,Q�T�M%>�Lp|%P�>JI�P

H�I JLKNMPO ?RQ�S �
H LNK,Q�T�M�|%>�=�PwP�>�U�PNTYEaC�[�C�>�<
C�S�<JT'SDC�LNQ�|%>JQ�=�P]I�C�ADC�IY>�=°F·C�A�AiT�C�E�C�=cCO<JT�M�MdTYE4Q�TYA�=�P
¹�IY<JK�MdTYE.=�K/=�PNT4M�K�:�E�I�Tj»Zl

H C�L\FpM�TY=_K�^2ADC�E�=�>
C�<kLNK\Q�T�M87DC C	=�PDC�=�M¯C�=�>JM��DT�M�7DC �T7DC CUEV7 I�C�L�LNK�=_SiT�:NM�T�QzC�M
LNK�L�?B<JT�C�^2LNK,Q�T�M%>�L;Ca=�E�T�TW? C =�PDC�=gM¯C�=�>JM��DT�M I JLKNMXO ? C QYS �pl

2[ZF5 �B^	M�:NIdPRC�L�=£TZ­�>JM�=�M�X�S�:�>�<JQr=�PNT.=�E�T�T�^�E�K�W\= LNK,Q�T�MtQ�EdC�|%Lh^ºE�K�W]9�C�LNQ'=�PNTgE�TYWhC�>�L�?
>�L�U LNK\Q�T�M�Q�EdC�|%L±^ºE�K�WÌ=�PNT'M�TY=W7 C l�Å_=�PNTYE�|%>JM�T�X	E�TY=�:�E�L±=�PDC�=�LNKqM�:NIdPz=�E�T�T'I�C�L±SiT
S�:�>�<�=�l

«wT{LNK�=�Tp=�PDC�=hQ�TY=�TYE�W'>�L�>�L�U`=�PNTpW'>�L�>�W�:�W^= ^yK�ERC±U�>�[6TYLHM�TY=�7 C I�C�LVSxTpQ�K�LNT{>�L
=�>�WrT�_ Oa` � `NbdcfeD` � ` Qdla��P�>JM�^�K�<�<JKj|.M�^ºE�K�W COE�T�M�:�<�=�>�L±|oK�E�szS\F;9±C�<JK�:NI�PH���_��� } ³�µ � =�PDC�=
A�E�Kj[6T�M�=�PDC�=�=�PNTgW'>�L�>�W�:�W Q�TYA�=�Pq=�E�T�Tg>JMo=�PNT�K�LNT�|%PNTYE�T_LNK,Q�T�Mo|%>�=�PqU�E�T�C�=�TYEoSDC�LNQ�|%>JQ�=�P
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C�[�C�>�<
C�S�<JTp=�K·M�:�A�AxK�E�=hC�Q�Q�>�=�>JK�LDC�<_I�K�L�LNT�IY=�>JK�LNM�X%C�LNQ¥|�T{C�M�M�:�WrTR=�PDC�=h=�PNTqEdC�=�T K�^�T�C�IdP
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|�C�E�Q�>�L�Uc|%>�=�PNK�:�=tTZ­�I�T�T�Q�>�L�Uc=�PNTgQ�TYA�=�PhI�K�LNM�=�EdC�>�L�=�l2¸%C�E�E�>�L�U�C4Q�TYA�=�PhI�K�LNM�=�EdC�>�L�=�X�C�I�PDC�>�L
K�^�LNK,Q�T�M%>JM%=�PNT�A�E�TZ^yTYE�E�T�Qp=�E�T�T�^yK�E.ª���Á,�n¢���Á,¢ ¹�mk>�U�:�E�Tc´6»Zl
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24365 Ã"TY=10 SiTr=�PNTOM�T�b\:NTYLNI�ThK�^gLNK,Q�T�M�>�L ���_M�K�E�=�T�Qe>�L`K�E�Q�TYE'K�^gQ�T�IYE�T�C�M�>�L�U±C�[�C�>�<
C�S�<JT
SDC�LNQ�|%>JQ�=�P·I�C�ADC�IY>�=GF6l.Ã"TY= .�SiT�=�PNT4L\:�WcSiTYE�K�^nIdP�>�<JQ�E�TYL;=�PDC�=_=�PNT4�NE�M�=gWrTYWcSiTYE�K�^
0¥I�C�L{M�:�A�AiK�E�=%^yK�E%=�PNT�M�T�M�M�>JK�L"l

2;:<5 Ã"TY=32 J54�6XO ./Q�SiT%=�PNT.Q�TYA�=�PhK�^�C�W'>�L�>�W�:�W/?GQ�TYA�=�PO=�E�T�T�X�? O ./Q�=�PDC�=�I�C�LhSxT�S�:�>�<�=n:NM�>�L�U
LNKqWrK�E�T/=�PDC�L·SDC�LNQ�|%>JQ�=�P .4^ºE�K�W C�L\F;LNK,Q�Ta>�L70�l � U�C�>�L"X	|�T/:NMdT�E�T�M�:�<�=�M�>�L } ³�µ �

Ð_ñ�Ý1Ð³ø



���������	�
���

�����
���������������
������� "!�#��%$'&�()�*� +,(-�.$/&�(0�*���*12�����*34���� 5 ��
#��6 �

=�Kp^yK�E�W =�P�>JM�=�E�T�TR>�Le=�>�WrT _ Oa` � � `NbdcfeD` � � ` Qdlp�G^ 2 J54�6 O ./Q�� � XvE�TY=�:�E�L`=�PDC�=/Cp=�E�T�T
I�C�L�LNK�=gSiT�I�K�LNM�=�E�:NIY=�T�Q	l

2[ZF5 mNK�E�W£=�PNT�=�E�T�T ? O .����+Qt|%>�=�PpQ�TYA�=�P 2 J54�6PO .����+Qdln�G^/2 J54�6PO .����+Q�� � X�E�TY=�:�E�L{=�E�T�T
? O ./Qdl�Å_=�PNTYE�|%>JM�T�X½Q�T�IYE�TYWrTYL�= .�C�LNQpU6K/=�KrM�=�TYA 2;:<5 l

��K�=�T�=�PDC�=�ª���Á,�n¢���Á,¢¤Q�K\T�MoWrK�E�T�=�PDC�LqWrTYE�TY<�F��°Q�>JM�AiTYE�M�>�L�U �g=�PNT�SDC�LNQ�|%>JQ�=�P >�LO=�PDC�=
>�=gC�<JMdK/=�E�>JT�M%=�Ka�NLNQq=�PNT4C�Q�T�b�:DC�=�T�^yC�LNK�:�=c¹ .�»o=�PDC�=.M�PNK�:�<JQqSiT�:NM�T�Qq=�K'MdC�=�>JM�^ºFR=�PNT�Q�TYA�=�P
I�K�LNM�=�EdC�>�L�=�l
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��PNT'C�<�U6K�E�>�=�P�WrM�Q�T�M�IYE�>�SxT�Q·C�SiK�[6T/PDC�[6T/=G|�K M�PNK�E�=�I�K�W'>�L�U6M�l���PNTa�NE�M�=�M�PNK�E�=�I�K�W'>�L�U{C�Q,?
Q�E�T�MdM�T�M%=�PNT�:�=�>�<�>�¼jC�=�>JK�LzK�^k=�PNT�LNK,Q�T�=�PDC�=.|%>�<�<v=�EdC�LNM�W'>�=gQNC�=dC�l���P�>JM.LNK,Q�T�WhC�F LNK�=.PDC�[6T
M�:�¬hIY>JTYL�=�SDC�LNQ�|%>JQ�=�P±=�KR^�K�E�|�C�E�Q;>�=�M�Kj|%L±=�EdC�LNM�W'>JM�M�>JK�LNM�SiT�I�C�:NM�Ta>�=�M_SDC�LNQ�|%>JQ�=�P·>JM�SiTZ?
>�L�U{:�=�>�<�>�¼�T�Qe=�Kq^yK�E�|oC�E�Q]=�EdC�LNM�W'>JM�M�>JK�LNMcK�^.K�=�PNTYE�M�T�MdM�>JK�LNM�lr«wTRI�K�LNM�>JQ�TYEc=�P�E�T�ThAxK�MdM�>�S�<JT
C�IY=�>JK�LNM.=�PDC�=%|�T�E�TZ^yTYE%=�K/C�M4�����Z����Ë½�º�t=�PDC�=%=�PNT�LNTY=G|oK�E�sqI�C�L =dC�s6T�|%PNTYLq^BC�I�T�Qq|%>�=�PpM�:NIdP
C/M�>�=�:DC�=�>JK�L"l
H LNK�?GM�|oC�A � �B^ � � Q�K\T�M�LNK�=�PDC�[6T�TYLNK�:�U�POK�:�=�U6K�>�L�U'I�C�ADC�IY>�=GFR=�Kc>�L�>�=�>
C�=�T�C�M�T�M�M�>JK�L"X�=�PNT
M�T�M�M�>JK�L >JM.E�T ��T�IY=�T�Q	l

H M�|oC�A � ���_M�P�>@^º=�M'M�K�WrTqK�^�>�=�M/^�K�E�|�C�E�Q�>�L�UwE�T�M�AiK�LNM�>�S�>�<�>�=GF`=�KwC�LNK�=�PNTYE'LNK,Q�Tq=�PDC�='>JM
ADC�E�=�>JIY>�ADC�=�>�L�U]>�L¦=�PNT{MdC�WrTpMdT�M�M�>JK�LNMhC�M ����=�PDC�=hPDC�M'=�PNT{SDC�LNQ�|%>JQ�=�PVI�C�ADC�IY>�=°F©=�K
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=dC�s6TrK�Lw=�PNTrC�Q�Q�>�=�>JK�LDC�<�SDC�LNQ�|%>JQ�=�Pe<JK6C�Q	lr�G^�LNK K�=�PNTYE4LNK,Q�TrI�C�L·SiT/<JK\I�C�=�T�Qw=�PDC�=
PDC�MgM�:�¬hIY>JTYL\=gM�ADC�E�T4I�C�ADC�IY>�=°F6XN=�PNT4MdT�M�M�>JK�L =�K'K�E�>�U�>�LDC�=�T�^�E�K�W ���v>JM.Q�E�K�A�AiT�Q	l

H E�T�M�TYE�[�C�=�>JK�L � � ��­�T�Q�C�WrK�:�L�= K�^�K�:�=�U6K�>�L�U¥I�C�ADC�IY>�=GFV>JMOE�T�M�TYE�[6T�QHC�=qTY[6TYE�F©LNK,Q�T
M�AiT�IY>@�DI�C�<�<�Fp^yK�Eg=�PNTa=�EdC�LNM�W'>JM�M�>JK�L±K�^oCRM�T�M�M�>JK�L;=�PDC�=�>JMg>�L�>�=�>
C�=�T�Q·C�=�=�PDC�=�LNK,Q�T�l � =
K�=�PNTYE.=�>�WrT�M�X�=�PNT4SDC�LNQ�|%>JQ�=�P{Wc:NM�=.E�TYWhC�>�Lp:�L�:NMdT�Q	l
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��PNT_M�T�I�K�LNQhM�PNK�E�=�I�K�W'>�L�U'C�Q�Q�E�T�M�M�T�Mt=�PNT������	��
���
��%K�^	WrTYWcSiTYE�M�P�>�AR|%>�=�P�>�LRM�T�M�M�>JK�LNM�l
�°LeADC�E�=�>JIY:�<
C�E�Xn>�=c>JM�<�>�s6TY<�Fw=�PDC�=�=�PNTYE�TR|%>�<�<oSxTqC�A�A�<�>JI�C�=�>JK�LNMa>�L]|%P�>JIdP¥MdT�M�M�>JK�LeWrTYW�SxTYE�M
C�E�E�>�[6T�<
C�=�T�C�LNQq<JT�C�[6T�T�C�E�<�F6lnÃ�C�=�T4C�E�E�>�[6TYE�M%W�:NM�=%SxT�C�Q�Q�T�Qq=�Ka=�PNT�Wc:�<�=�>JI�C�M�=g=�E�T�T�|%>�=�P�>�L
=�PNTaQ�TYA�=�P±SxK�:�LNQ�Mjl_¸oF <JT�C�[,>�L�UpChMdT�M�M�>JK�L;K�E�C�<�<2M�T�M�M�>JK�LNMjX½ChLNK\Q�T�=�PDC�=�^�K�E�|�C�E�Q�M_=�EdC�LNM�?
W'>JMdM�>JK�LNM'^yK�Eh=�PNT;M�T�M�M�>JK�LNMh|%>�<�<_Q�>JM�I�K�L�LNT�IY=O=�PNTp=�E�T�Tp^�K�EOT�C�I�P�M�T�M�M�>JK�L©>�=R<JT�C�[6T�M�l ��P�>JM
Q�>JMdI�K�L�LNT�IY=�>JK�L{Wc:NM�=.SxT�E�TYADC�>�E�T�Q	l

Å_:�EqC�=�=dC�I�P�WrTYL�=pC�LNQ©Q�>JMdI�K�L�LNT�IY=hA�E�K,I�T�Q�:�E�T�Mr^yK�Er=�PNTp=°|�K`C�<�U6K�E�>�=�P�WrMOC�=�=�TYW'A�=O=�K
W'>�W'>JI�=�PNT_=�EdC�>�=�M%TZ­,P�>�S�>�=�T�QOS\Fr=�PNT�K�E�>�U�>�LDC�<	C�<�U6K�E�>�=�P�Wpl�mNK�Eg§oÃ"¨�Á,�%¢��cX�Cc<
C�=�T���K�>�LNTYEo>JM
C�=�=dC�IdPNT�Qr=�K�=�PNT%LNK,Q�T�|%>�=�PrW'>�L�>�W�:�W C�[�C�>�<
C�S�<JT%SDC�LNQ�|%>JQ�=�PR=�PDC�=n>JMnM�:�¬hIY>JTYL\=n=�K4M�:�A�AiK�E�=
C�L'C�Q�Q�>�=�>JK�LDC�<�=�EdC�LNM�W'>JM�M�>JK�L/M�:NI�P/=�PDC�=�=�PNT ��K�>�LNTYEk>JM�C�Q�Q�T�Q'C�=2K�E2C�SxKj[6T�=�PNT�Q�TYA�=�P/SiK�:�LNQ	l
�G^�LNK M�:NI�P¥C�=�=dC�I�P�WrTYL�=aAiK�>�L�=�I�C�LeSxT/A�E�Kj[\>JQ�T�Q	Xk=�PNTYLw=�PNT'<
C�=�T ��K�>�LNTYE4>JM�C�=�=dC�I�PNT�Q]=�K{C
LNK,Q�T.SiTYF6K�LNQR=�PNTgQ�TYA�=�POSxK�:�LNQh=�PDC�=�PDC�MoM�:�¬hIY>JTYL�=oSDC�LNQ�|%>JQ�=�Pq=�KcM�:�A�AiK�E�=�M�:NI�PqC�LNK,Q�T�X
|%PNTYL¤K�LNTqTZ­�>JM�=�M�l·��PNTqLNK,Q�TR>JM/K�=�PNTYE�|%>JM�TqE�T ��T�IY=�T�Q	lw��PNTOE�T�C�M�K�L¥|%P�F`|�TOA�E�K,I�T�T�Q¥=�K
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Uniform Case: Delay 10000

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Uniform Case: Delay 10

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Uniform Case: Delay 5

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Capacity U[3−5]: Delay 10000

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Capacity U[3−5]: Delay 10

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Capacity U[3−5]: Delay 5

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Rate U[1−3]: Delay 10000

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Rate U[1−3]: Delay 10

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Rate U[1−3]: Delay 5

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Size U[25−75]: Delay 10000

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Size U[25−75]: Delay 10

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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Variable Size U[25−75]: Delay 5

Lower Bound
CLUSTER, Swap
CLUSTER, Noswap
CLUSTER, Reservation
DISPERSE, Swap
DISPERSE, Noswap
DISPERSE, Reservation
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