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ÿ��������������ZþwoVcOproVhicO�õ�5�¤trf<c�b*uPdO�P�Vg��WcOprqshiqrtrcOgPtwqruPqrtrcex�l�jku�cOprq

¢¨hi{Vz<prc%�V¡ �(�<pr�#oVhi�\ceq�j5g��#oVcOproVhicO�á�5�éb*uPdO�P��g¨§ q��XcOprqshiqrtrcOgPtÇqruPqrtrcOx½j#prd>fPhitrcOdOtrz<prc�trfWj5t
qrtrpshidOtsliuEqrcO�Wj5p�j5trceq�qrtr��p�j5{�cV�¤x�j5gPhi�\zPl�j5tshi��gM��xN�P�<c>l�l�hig<{Áj5g<�EprcO�<prcOqrcOgPt�j5tshi��gÁt�j5qr�PqNhigPtr�
�*c>l�l�|��<c> Xg<cO��qruPqrtrcOx�l�jOuVcOprqO¡Z¢<�Vp�qrcOoVcep�jkl¤�5�¤trf<cOqrcwl�jOuVceprqO�ZjklitrcOprgWj5tshio�c+hixN�PlicOxNcOgPt�j#tshi�Vg<q



¢¨li�Vpsh�j5gD¦�j5trtrf<cOqO�£�wcOp�jkli���Pd>f<p#ú�V�<cOpO�Zj#g\�%û#�×j5d�fBhixá�Ê¡£�Bd�f\x�hi�\t

�*hitrf��Phiqrtshig\dOt~�V�Xcep�j5tshi�VgWjkl¤qrz<�<�X�Vprtéj5prc��<pr�5oVhi�<cO��trfWj5t�d#j#g�yXc�dO��gB W{Vz<prcO���<uPgXj#x+hid#jOl�liu
tr�Nx�j#trd>fÇyXcOqrt�trf\c�prce¥PzBhiprcOx�cOgPtrq��5�
j+{#hioVcOg�j#�\�Pl�hid#j#tshi�VgM¡
ÝsgDtrfBhiqN�Wj5�WcOp+�
c��PhiqrdOz<qrqNtrf<cOqrc�l�jOuVceprq+�#�wtrf<c�b*uPdO�P��gÂqruPqrtrcex�cegPoVhipr�Vg<xNcOgPtNhigEj

yX�Vtrtr��x+|�z\���Ôj5qrfPhi�VgIùMü~qw�<cOqrdOpshiyXcO��hig�qrcOdOtshi�VgD�B�X�@zBl�l¤�XceprqshiqrtrcOg\dec�j#y\qrtrp�j#dOtshi�Vg��R��pw�Wj5t�j
j5g<�ÁdO�P�<c(hiq�j#d>fPhicOoVce�ÆjOliprc#j5�<u®j5tÇtrf\c�li�#�*cOqrt�l�jOu�cOp��#�Ntrf<c�b
uPdO�P�VgÁqruPqrtrcOxö�<c> Xg<cO�
yPu�trf<c�b
uPdO�P�Vg��Ptr�VprcÇÛ pr��tr�PdO�5l�äRb~�<Û0ç>¡Yb�f<c�b*uPdO�P�Vg ��hiprtrzXjOl�¦�j#d>fPhig<c%äRb!�é¦�çw�\prc�|
qrcOgPtrcO��hig�qrcOdOtshi��g%æN�<pr�5oVhi�<cOq�jN�Bl�j#ts�R�Vprx+|Rhig<�\ce�XcOg<�XcOgPtNfPhi{Vf<cOps|��Vpr�<cOp�cOªPcOdez\tshi��g%xN�P�<c>l
trfXj#t�jOliqr��qrz\�<�X�Vprtrq�dkjkl�liqO�Yd#jOl�liyXj#d>�Pq�j5g<��cOªPdOcO�<tshi�Vg%fWj5g<�Pl�hig\{�higPo��5lioVhig<{�ceªPtrcOprgXjOl*de�P�\c
��pshitrtrcOg%hig,�Vtrf<cOpNl�j5g<{VzWj5{�cOqO¡�Ýsg�j#�\�Phitshi�Vg®tr��ceªPcOdOz<t�j5yPlic�b"��¦ödO�P�\c��0��z\p��XceprqshiqrtrcOgPt
qruPqrtrcOxáj5prd�fPhitrcOdOtrz<prcNprc>l�hicOq�f<c#jOoVh�liu��Vg¬j2�WcOprqshiqrtrcOgPtnhigPtrceprxNcO�Ph�j5trc�dO�P�<c�prcO�\prceqrcOgPt�j5tshi��g
äRb*uPdO�P��g�¦�j5d�fBhig<c#�Mj5g<{VzWj5{�cV�Zbw¦$�Zçn�<prcOqrcOgPtrcO��hig�qrcOdOtshi�Vg�å���fBhid�f(hiq�z<qrcO���R�Vp~qrt�j5tshid
j5g<��prc�ÄXcOdetshioVc�prz\gP|�tshixNcNdO�P�<c�j#gXjOliuPqshiq�j5g<�����\tshix�hiÖ#j5tshi��g¨¡
�Vhig\dOc�b~¦$��hiq�j5g�z\gPt�uP�XcO�
l�j5g<{VzWj5{�c(hit+hiq��X��qrqshiyBlic�tr��hixN�BlicexNcOgPt�x�zPlitshi�BlicEäR�X�5liuPx��Vpr�<fBhid#jOl©l�uV|�tsuP�Xce�Iç2l�j#g\{�zXj#{VcOq
z\qshig<{�jNdO��xNxN��g�b~¦$��higPtrcOprxNcO�Ph�j5trc�prcO�<prcOqrcOgPt�j#tshi�VgI¡YÝsg��PcOdOtshi��g%ò��*c�fPhi{VfPl�hi{Vf<t+f<�#�
xN�P�<cOprg�l�j#g\{�zXj#{Vc��Rc#j5trz<prcOq*l�hi�Vc��<uPgXj#x+hid+t�uP�Bhig<{Çj5g<��prc>ÄWcOdOtshi��g�j5prc�qrz<�\�W�VprtrcO��yPu�b*uV|
dO�P�VgI§ qw�XcOprqshiqrtrcegPt+qruPqrtrcOx j5prd�fBhitrcOdetrz\prcV¡Zb�f\c��*hi�\c�p�j5g<{VcN�#�*qrcOproVhidecOq�tr��yXc+higPtrcO{�p�j5trcO�
higPtr��trf<c�b
uPdO�P�VgEl�j5g<{VzWj5{Vceq�d#jOl�liq2�@�Vp�j�qruPgPt�j5dOtshid�ÄWcOªVhiyPh�l�h:t�uÁqrz\�<�X��prtrcO�,yPu%trf<c�de�VgP|
dOcO�<tw�#�*cOªPtrceg\qshiyPlic�{Vp�j5x�x�j5prq�j#qw�<cOqrdOpshiyXcO��hig�qrcOdetshi�Vg %P¡XÝsg�qrcOdOtshi��g%�N�*c�qr�Vcetrd>f�f<�#�
trf\c�b
uPdO�P�VgÇqruPqrtrcOx�dO�Vx��X�Vg<cOgPtrq�j#prcwhigPtrcO{Vp�j#trcO��higPtr�Çj+qrc>l��:|�dO��gPt�jkhig<cO���XcOprqshiqrtrcOgPt~�\pr�#|
{Vp�j#xNx+hig<{�cOgPoVhipr��g\xNcegPtwhig\d>liz<�Ph:g<{�x�cOd>fWj5gPhiqrxNqw�R��pwqrcO�Wj5p�j#trc+de�VxN�Ph�l�j5tshi��g,j#g\��{#li�VyWjkl
�V�<tshix+hiÖ#j#tshi�VgI¡*b�f\c��Wj5�Xcep+cOg<�<qN�*hitrfEj�qrf\��prt+qrz<xNx�j#pru%�5���Vz<p+cOªP�WcOpshicOg<dOc�z\qshig<{�trf\c
b*uPdO�P��g�cOgPoVhipr��g\xNcegPtO¡
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'70�298
b�f\cÇb*uPdO�P�Vg®�Ptr�Vprc�ÛYpr�Vtr�Pde�5l��<c> Wg\ceq�j,ñ<ÎXÐ �OßPÏ�íï�Wj5t�jk|�xN�P�<c>l�|Rhig<�\cO�IcOg<�XcOgPt�dkjkl�l�|RlicOoVc�l
higPtrcOps��j#dOc�tr�%x�zBlitshi�Plic,äRdO��xNxNcOprd>h�jOl�liuÊ�Phiqrtrpshiy<z\trcO�Wç��XcOprqshiqrtrcegPt��VyPÈrcedOt�qrtr�VprcOqO¡
bw�<Û hiq
�\c� Xg<cO�Çj5q�j#g�ü��w�PÝ¤«Âf<c#j#�\cOp¤ \lic~�nfPhid�f��RzPl�liuÇj5y<qrtrp�j5dOtrq0�@pr�VxÆhixN�PlicOxNcOgPt�j#tshi�Vg��\cOt�jOh�liq
�5�¤trf<c+z<g<�\cOpsliuVhig<{��XcOprqshiqrtrcOgPt�qrtr��prcOqO¡Ib~�\Û%hiq��BhiqrdOz<qrqrcO��hig��<cOt�jOh�lYhigÂâi�V��ã*äRqrcOc�«*fXj#�\trcOp
�B¡ �B¡ åPç>¡
ü b~�\Û,d>l�hicegPt�d#j5g�qr�*hitrd>f��RprcOc>liu��@pr�Vx��Vg<cNqrtr��prc�hixN�PlicOxNcegPt�j5tshi�Vg�tr�Çj5g<�Vtrf<cOp�j5g<�

�*�Vpr���*hitrf%xN��prc�trfWj5g%��g\cÇ�XcOprqshiqrtrcOgPt�qrtr�VprcÇj#t+��g\dOc��Yy\z<tNprc>�@cOprcOg<dOcOqNyXcets�*cOceg%qrtr�VprcOq
j5prc~g\��tnqrz<�<�X�VprtrcO�I¡I¢<z\prtrf<cOprxN��prcV�Xb~�<Û÷�<c> Wg\ceq�j��X�Vprt�j#yBlic�l�hig\ckj5pw�Wj5t�j�prcO�\prceqrcOgPt�j5tshi��g
äRb":�Ü�ç+tr�Ej#d>fPhicOoVcDqrtr�Vprc>|RlicOo�c>lwhigPtrcOpr���XcOp�j#yBh�lihitsu®yXcOt��*cOcOg®jOl�l�b~�\Û qrcOproVcep�hixN�PlicOxNcOgP|
t�j5tshi��g\qO¡
bw�<Û�de�Vg<dOcOgPtrp�j5trceq��Vg�trfXj#tNqrz<y\qrcOtÇ�5�éqrtr�Vprc��Rz<g\detshi�Vg<q�trfWj5tNhiq��\pr�#oVhi�<cO�ÊyPu
cOªVhiqrtshig<{\�Z��hi�<c>liu�z<qrcO��dO��xNxNcOprd>h�jOl�j#g\���<z<yBl�hid>|��<�Vx�jOhigE�XcOprqshiqrtrcOgPt���yBÈ}cOdOtwqrtr��prcOqO¡Xb~�<Û
fXj#q�jwqsl�hi{VfPt�yPh�j5q*tr�#��j#pr�\q
trf\c~g\cOce�\q*�#�Zd>l�hicOgPtrq�trfXj#t0fWjOoVc~tr��hixN�PlicOxNcegPtn�WcOprqshiqrtrcOgPt~j5g<�
�X�VqrqshiyPliu��Phiqrtrpshiy\z<trcO�%�<pr�V{�p�j5xNx+hig<{�l�j#g\{�zXj#{VcOqO¡
ü,t�uP�BhidkjklZb~�\Û�qrceproVcOp0hiqYhixN�PlicOxNcOgPtrce��yPuN��pshitshig<{Njwqrtr��prcwj#�Xj#�\tr��p*trfWj5t¤x�j5�<q0b~�<Û

�Xj#t�jNqrtrprz\dOtrz<prcOqéj5g<���Rz\g<dOtshi��g\q�tr���Wj5t�jNqrtrprz\detrz\prcOqéj5g<���V�Xcep�j5tshi�Vg<q��5�
j5g�ceªVhiqrtshig\{Ç�VyP|
ÈrcOdOtYqrtr��prcV¡�üwqY�5�Ztr�P�WjOuV�VtrfPhiq*fWj5q¤yXcOcOg�d#j5prpshicO����z\tY�R�VpYtrf<c�dO�Vx�xNcOprd>h�jOlIx+zPlitsh�|�z\qrcep*qrtr�Vprc
þwyPÈrcOdOt��Ptr�Vprc�ä�þwyPÈrcOdOt���cOqshi{VgWçNj#g\�%trf<c�prcOqrc#j#prd>fE�<pr�Vtr�Vt�uP�XcÇ¢;�¨üé���ïä�«*fXj#�\trcOp��B¡ æB¡i�#ç>¡
¦��VprcO�#o�cOpO�<�Vz<p*{Vpr��z\�ÇfXj#q0hixN�PlicOxNcOgPtrcO��t��*��j5�<�Phitshi�VgWjkl¤qrt�j5g<�P|rjOli�Vg<c+b~�<Û%qrcOproVcOprq
�Xj#ps|
tshidOzPl�j5psliu��*c>l�l�|�qrzPhitrcO���R�Vp��XcOprqr��gXjOl¤dO�Vx��\z<trcOprqO¡
b~�\Û,de�VgPtrpshiy<z\trcOq�qshi{VgPh� Wd#j5gPtsl�u%tr��b*uPdO�P��g¨§ q�qruPqrtrcOxáqrd#jkl�j#yBh�l�h�tsu%qshig<dOc�b~�\Û,d�l�hicOgPtrq

d#j5gÇd>f<�P�Vqrc�yXcOt��*cOcOg

 �Ph�ËIcOprcegPt�{Pj5pryWj5{�c+de�5l�licOdOtshi��g�qrtrp�j#trcO{5hiceq=<

 �Ph�ËIcOprcegPt��VyPÈrcOdOt*��j#zBlitshig<{�x�cOd>fWj5gPhiqrxNq=<

 ���\tshi��gXjOl*ceprpr�Vp�prcOdO�#oVcepruV�\li��{V{5hig<{�j#g\���WcOprqshiqrtrcOgPtwq�jOo�cO�X�5higPt�x�cOd>fWj5gPhiqrxNq=<

 qshig<{5lic�|sz<qrcOp���pnx�zPlitsh�|sz<qrcOp�j#dOdOcOqrq=<

 jOlitrcOprgWj5tshioVc�dO�VxNx�hitw�<pr�Vtr�PdO�#liqNä:�R�Vp*�Phiqrtrpshiy<z\trcO�DqruPqrtrcOxNq�ç�<



b*uPdO�P��g¨ùWü �Bdkjkl�j5yPlic�j#g\��Ý�gPtrcOpr�V�Xcep�j5yPlicNÛMcOprqshiqrtrcegPt��BuPqrtrcOxáÚYgPoVhipr�Vg<xNcOgPt


 ���\tshi��gXjOl*qrcedOz\pshit�u�j#g\�¬j5z<trf\cOgPtshidkj5tshi�VgDqrz\�<�X�VprtO¡
ü�t%�\prceqrcOgPtE�*cÁj#prc,higPoVcOqrtshi{×j5tshig<{�trf\cÁ��prtrf\��{V�VgWjkl¬dO�Vx�yPhigXj#tshi�Vgï�#��trf<cOqrc,�Rc#j#trz\prcOq
trf\pr��z\{�f�j�l�jOuVcOpshig<{��#��äR�Xj#prtsh�jkl�ç�bw�<Û÷hix��BlicOx�cOgPt�j5tshi��gXqO¡
üwq
j5g�cOªP�WcOpshixNcOgPt*hig�qrtr�Vprc>|RlicOo�c>lIhigPtrcOpr�V�WcOp�j5yPh�l�h:t�uV�Ij#g#�w¢Y��ä���cOts�*��pr�N¢¨h�lic��PuPqrtrcOx�ç

qrcOproVcepn��j5q���pshitrtrcOg�trfXj#t�cOªP�X�Vprtrq~qrc>licOdOtrce��b~�<ÛÂqrtr�Vprc��VyPÈrcedOtrq~j5qn <licOqéj5g<���BhiprcOdetr�VpshicOqO¡
Ýsg%trfPhiqN��jOuV��jkl�l
 \lic>|RlicOo�c>l�de�VxNx�j#g\�<q�j#prc�jOo�jkh�l�j#yBlic��VgDbw�<ÛÊqrtr��prcOqO�M�R��p+cOª<j#xN�PlicV�?>=@
j5g<�BA�C��R�Vp�y<pr�5��qshig<{�trf\pr��z\{�f�j5g��VyPÈrcedOt�{Vp�j5�<fI¡
ü��<pshix�j#pru��<cOqshi{VgE{��Pjkl
yXcOfPhig<�Âb~�<ÛÊfWj5q�yXcOceg%tr���<pr�#oVhi�\cÇc>É�d>hicOgPt��Wj5t�j�qrtr�Vp�j#{Vc

j5q0hig<�<cO�XcOg<�\cegPtsl:u�j#qn�W�VqrqshiyPlic��Rpr��x�trf\c~�Xj#t�jNj5g<��l�j#g\{�zXj#{Vc�xN�P�<c>lYqrz<�\�W�VprtrcO��yPuNb~�<Û
qrtr�Vprc�d>l�hicOgPtrqO¡YÝ�g��Wj5prtshidezBl�j#pO�Yb~�\Û,qrf<�VzPli�EyXc+dkj5�Wj5yPlic��5�
qrz<�\�X��prtshig\{��X�#liuPxN�Vpr�<fBhidkjkliliu
tsuP�Xce�,xN�P�<c>liq���f\ceprc�trf\c�dO��xN�X��g\cOgPtrq��#��qrtr��prc���yBÈ}cOdOtrq�dO�VgPt�jOhigÊo�jOliz\cOqÇ�5��x�zBlitshi�Plic
tsuP�XceqNtrfXj#t+dkj5g<g\��tNyXc� WªPcO�%hig�j�qrcO�Wj5p�j5trcÇqrd>f<cOx�j��<c> XgPhitshi�VgÁ�<fWj5qrcV¡¤b~�\Û®trf\cOprc��R�Vprc
z\qrceq�j5g�ñ<ÎXëRìêàWÍ��+li�#�*|RlicOoVc�l*qrtr��prc+xN�P�<c>lR�IhR¡ c�¡©�Wtrf\cOprc�hiqwg<��qrcO�Wj5p�j#trcN�Bhidetshi�VgWj5pru��5�
tsuP�Xc
�Vp�qrd>f<cOx�j�higB�R��prx�j5tshi��g,x�jOhigPt�jkhig<cO�®yPu%trf\cÇqrtr�VprcV¡�Ýsg<qrtrc#j5���5�~trfBhiqO�¤qrtr��prc�o�jkliz<cOqÇj5prc
x�j5�<c�qrc>l��:|��<cOqrdOpshi�<tshioVc�yPu(hixN�W�Vqshig<{,j�prce{VzPl�j5pN��yBÈ}cOdOt+l�jOuV��z\t2j5g<�,j�z<gPh��R�Vprx t�j5{V{#hig\{
qrd>f<cOxNc�¡Püwq
j�prceqrzBlitO�Pb~�<ÛEj5d�fBhicOo�cOq��Xj#t�jwxN�P�<c>lIhig\�<cO�XcOg<�<cOg\dec+�*hitrf<�Vz<t*q�j5dOpsh� Wd>hig<{�trf\c
j5�<o�j5gPt�j5{�cOqw�#�¤qrc>l��:|��<cOqrdOpshi�<tshioVc�qrt�j5tshid#jOl�liuV|�tsuP�XcO�D�Xj#t�j5yWj5qrcOqO¡

Main Memory

Persistent Store

root of persistence
unreachable object,
may be garbage collected

oid of persistent object,
may change on gc

oid of transient object,
may change on gc

mapping to
main memory

mapping to linear object exchange format

... ...

ÿ������D�E�F���Iü~dOdOcOqrqshig<{�j+�WcOprqshiqrtrcOgPtwqrtr��prc�oVh�jNtrf\c�b*uPde�P�Vg��Ptr�Vprc�ÛYpr�Vtr�PdO�#l�äRbw�<Û¤ç

b�f\c�j5dOdecOqrq�tr���XcOprqshiqrtrcOgPt�qrtr�VprcN��yPÈrcOdOtrq�oVh�j�trf\cNb~�<ÛÂhiq��\ce�BhidOtrce�÷hig� W{Vz<prc��B¡i�V¡Z�Ptr�Vprc
�VyPÈrcOdetrqNj#prc2hi�<cOgPtsh� WcO�,yPu�z<gBhi¥Pz<c��XcOprqshiqrtrcOgPt��VyPÈrcOdOt�hi�<cOgPtsh� Xceprq(ä�þwÝ}�nq�ç�trfXj#tNj#prc�jkliqr�
z\qrce��tr�NcOqrt�j5yPl�hiqrf�yBhig<�Bhig<{Vq�yXcOt��*cOcOg��WcOprqshiqrtrcOgPt��VyPÈrcedOtrqO¡IÚ¤j5d�f�qrtr�Vprc�fWj5qéj+qshig\{#licNpr�P�Vt
�5�Z�XcOprqshiqrtrceg\dOc�ä�jnli�Pd#j#tshi�Vg�trfWj5t*f<�5li�<q�trf\céþwÝr�Á�5��j��Phiqrtshig<{VzPhiqrf\c#��pr�P�Vt
�VyPÈrcOdOt�ç>¡WÚYoVcOpru
�VyPÈrcOdetYprc#j5d�fXj#yBlic*�Rpr��xÊtrf<c*pr�P��tY�5�W�XcOprqshiqrtrcOg<dOcnhiqYqrtr��prcO���XcOprqshiqrtrcOgPtsliuV¡W�Ptr�Vprc*��yPÈrcOdOtrqYd#j#g
yXc�dOprc#j#trcO�%trf<pr�Vz<{VfEb~�\ÛÁ�V�Xcep�j5tshi�Vg<q�y\z<t�j5prc�g\ceoVcOp�cOªP�Pl�hid>hitsl:uE�<cOqrtrpr�#uVcO�EyPu�d>l�hicOgPtrqO¡
b�f\c�qr�Wj5dOc~�5�Yqrtr��prcw��yBÈ}cOdOtrq*trfWj5t
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