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ï9ùàï,ëzß�î�å9ï:âHç,ß ï9ß�ìíß�î;åß�ñ^ö
�cß�î�æ`äàñ�þ�äàæHå4âHì�ì�åÞàß1ø�âHî	è`õ¶ç9ß�ó�ß�ç9ß�äàî�ß�ïÀäàß�î�ß�ï,ïâHçÁã�ó�æHç.øàâHî	è`õ¶åç9âHî�éíäàêMâHç9ßlâFò[âHé�ì�âHøàìíß7é�ä]âÎëàç9æHê`çâHð.ö

ÐâHî	è`õ¼ç,ß�ó�ß�ç9ß�äJî�ß�ï%î�âHä®ø´ß�ñàéoòWé�ñàß�ñ�é�ä3å¼á6æ*î�ìüâHï,ï9ß�ï��'ì�æWîFâ[ì�ø�âHî	è`õ¼ç,ß�ó�ß�ç,ß�äàî�ß�ï�þÔâHäàñ®ç,ß�ð3æHåß�ø�âHî	è`õ¼ç,ß�ó�ß�ç9ß�äJî�ß�ï�ö
��ß�ðqæ[åß7øàâHî	è`õ¼ç9ß;ó�ß�ç,ß�äàî�ß�ï�îFâ[ä»øzß4ëàç9æ{òWé�ñàß�ñ»øYã âÑç,ß�ó�ß�ç9ß�äJî�ß;õ¶ì�éíï,åéíäàê³â[ì�ê`æ`ç,éíå9Þàð4ö �Wé�äàî�ß7ø�âHî	è`õjåçâ[î�é�äJê
é�ïÇâHäÑß(÷Wåß�äJï9é�æHä³æHóÐç,ß�ó�ß�ç9ß�äJî�ß®ìíé�ï,å9é�äàêJþ�ß�ò`ß�ç,ãxß;÷cë´æ`ç,å9ß�ñ³æ`ø	�,ß�î�å�èHß�ß�ëàï!â5ì�éíï,åÌæHóÐå9Þàßqï,ß�çÁò`ß�ç,ï½åÞ�âRå�Þ�âFòHß
ëàç9æF÷cé�ß�ï�åæ åÞJß%ß;÷cëzæHç,åß�ñ!æ`ø��,ß�î;åFö �Úß�ó�ß�ç9ß�äJî�ß;õ¶ì�éíï,åï�âHç9ß%éíä½óZâHî�å'ç,ß�ð3æHåß%øàâHî	è`õ¼ç9ß;ó�ß�ç,ß�äàî�ß�ïyï9é�äJî�ßÐåÞJß�ã*ë´æ`é�äYå
ó�ç9æ`ð ß(÷Jë´æ`çÁåß�ñ�æHø��,ß�î;åï:ø�â[î	è4åæqëàç9æF÷cé�ß�ï:é�ä7æHåÞàß�ç�ï,ß�ç,òHß�ç,ï�ö �¹éíå9Þàé�ä.åÞàß½âHñàñàç,ß�ï9ï�ï9ë�âHî�ß*æHó�â�ëJç9æ`ê`ç9âHð
Þàæ{á6ß;ò`ß�ç�þJìíæcî�âHìàø�â[î	èYõ¶ç9ß;ó�ß�ç9ß�äàî�ß�ï6ñàæÌäàæHåyß(÷Jéíï,å�ö �væ`éíäYåß�ç,ï�é�ä!ðqß�ðqæHç,ã½Þàâ{òHß�æHäàìíã*éíäJó�æ`ç,ð�â[å9é�æ`ä�âHø´æ`ùJå�åÞàß
©²¨:ñàé�ç,ß�î;åé�æHä�þJøàùcå�äJæHå%åÞàß%¬(�¨R« ñàé�ç,ß�î�å9é�æ`ä^ö�) äJßÇâ[ëàëàç9æ`âHî	Þ.å9æ!é�ð3ëàì�ß�ðqß�äkå6ø�âHî	è`õ¼ë´æ`éíäkå9ß�ç,ï�éíïÐåæ3ðqæWñàéoóªã
åÞàß�ìüâHäàêHù�âHê`ß�ç9ùàäcõjåéíðqß�ï,ãWï,å9ß�ð å9æ*èHß�ß�ë5ó�æ`ç6ß;ò`ß�çÁã�æ`ø��,ß�î�åÚâ½ìíé�ïÁåÐæHó�å9Þàß:ì�æWîFâRåé�æHäàï6æHó�å9Þàß:ë´æ`é�äYå9ß�ç9ï&åÞ�â[å
ëzæHé�äYåÚåæ!åÞàßÌæ`ø��,ß�î�åFö6Ý%Þàé�ï�âHëàëàç,æYâHî	Þ4é�ïÚß;÷Wåç,ß�ð3ß�ìoã5é�äàß�3qî�é�ß�äkå�þÔï9é�äJî�ßÌß�ò`ß�ç,ã.ë´æ`é�äYåß�çÚæ`ëzß�çâ[å9é�æ`ä5Þ�â[ï�å9æ
ùàë´ñ�â[åßÐâHì�ï,æ�åÞàß6ì�é�ïÁåtæ[óÔø�âHî	è`õ¼ë´æ`é�äYå9ß�ç9ï�ö"0�ä!â[ìíåß�ç9ä�âRåéíòHßÐâHëJëàç9æYâ[î	Þ*é�ïvå9æ ùàï9ß&åÞàß%ìíæcî�âHìkêYâHç9øàâHê`ß6î�æ`ì�ìíß�î;åæ`ç
åæ!æ`øJåâHé�ä5ø�â[î	èYõ¶ëzæHé�äYåß�ç%é�äJó�æ`ç,ð�âRåé�æHä�ötÝ%Þàéíï%é�ïÐå9ÞàßÌâHëàëàç,æYâHî	Þ7ñJß�ï9î�ç9éíøzß�ñ4éíä5å9Þàé�ï%ëàâHëzß�ç�ö
�cé�äJî�ß�åÞàß�ç9ßlé�ï�äàæMê`ìíæ`ø�âHì:î�æcæHç9ñàéíä�â[åéíæ`ä�þ�ï9ß�ç,ò`ß�ç9ï4ð�âFã»ç,ùàä]øàâHî	è`õ¶åç9âHî�éíäàê`ï5ó�æ`ç�ñàé%�^ß�ç9ß�äYå.êYâHç,ø�âHê`ß

ï9ùàï,ëzß�î�å9ïqåÞàâ[å3ï9Þ�âHç,ß.å9Þàß.ïâHð3ß.âHäàî�ß�ï,å9æ`ç9ï�ö Ý%Þàß.ñ�â[å	â1ï,å9ç9ùàî;åùàç,ß�ïqùàï9ß�ñsåælç9ß�ëàç9ß�ï9ß�äYå�ø�âHî	è`õ¶å9çâHî�é�äàê`ï
ï9ÞàæHùàì�ñ5î�æHäàï9éíñàß�ç%åÞJß�ï9ßÌîFâ[ï9ß�ï�ö
ýté�äàâHì�ìoã`þkåÞàßÆð3æcñàé%��îFâRåé�æHä®æHóvæ`ø��,ß�î;åï�ñàùàç,é�äàêqâ*ø�âHî	è`õ¶å9çâHî�ßÇî�âHä4î�âHùàï,ßÌå9ÞàßÆëàç9ß�ð�â[å9ùàç9ßÆî�æ`ì�ìíß�î�å9é�æ`ä�æHó

ì�éoò`ß!æ`ø��,ß�î�åï�ö�Ý%Þàé�ïÌé�ïÆß�ûWùJéíò[âHì�ß�äYåÌå9æ.å9Þàß3ëàç9æ`øJì�ß�ð/æ[óÐé�äJî�ç9ß�ðqß�äYå	âHì'êYâ[ç9ø�âHêHß3î�æ`ì�ìíß�î;åé�æHä�öqô¶ó%âHäxæHø��,ß�î;å
Þ�âHï3øzß�ß�ä øàâHî	è`õ¶åç9âHî�ß�ñ»âHäàñ|åÞàß�ä âxäJß�á ø�âHî	è`õ¶ç9ß�ó�ß�ç9ß�äàî�ß7å9æÑéoåqéíï!î�ç9ß�â[åß�ñ�þÐåÞJß7äàß;á ø�âHî	è`õ¼ç,ß�ó�ß�ç,ß�äàî�ß
áÚé�ìíì^äàæHåÚø´ß î�æHäàï9éíñàß�ç,ß�ñ.økã�åÞàß ø�â[î	èYõjåç9âHî�ßÆé�ä�ëJç9æ`ê`ç,ß�ï,ï�þ´âHäàñ�åÞJß�ç9ß;ó�æ`ç9ß:å9ÞàßÆæ`ø��,ß�î�å�î�æ`ùJì�ñ�ø´ß î�æ`ìíì�ß�î;åß�ñ
ëàç9ß�ð�âRåùàç,ß�ìíãHö
Ý%ÞàßÆï9æ`ìíùJåéíæ`ä®åæ*å9Þàß�ï,ßÌó�æ`ùJç%é�ï9ï,ùàß�ï�é�ï%ñJß�ï9î�ç9éíøzß�ñ7é�ä®å9ÞàßÆäàß;÷Wå�ï9ß�î�åéíæ`äàï�ö
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Ý%Þàß7ß�33î�é�ß�äàî�ã|æHó øàâHî	è`õ¶åç9âHî�éíäàêÑê`âHç9ø�â[ê`ß7î�æ`ì�ìíß�î�å9é�æ`ä¤ñàß�ëzß�äàñàï®éíäsê`ç,ßFâ[åqë�âHçÁå®æ`äMåÞàß4Þàß�ùJç9é�ïÁåéíî.å9æ
î	ÞàæWæ`ï9ßqêYâHç9øàâHê`ß3ï9ùàï,ëzß�î�åï�ö ÐâHî	è`õjåçâ[î�é�äJêÀâ4ìíéíòHßqæ`ø	�,ß�î�å�é�ïÇâ4á6âHï,å9ß�æHó%ß(÷cß�î�ùcåé�æHä³åé�ð3ß3âHäàñxäàß�å¼á&æ`ç9è
ø�âHäàñcáÚé�ñJå9Þ�ö»Ý%Þàß�ç,ß�ó�æ`ç,ßÀêYâHç,ø�âHê`ß5ï,ùàï9ë´ß�î;åï®ï,Þàæ`ùàìíñsø´ß7î	Þàæ`ï,ß�ä î�âHç9ß;ó�ùàì�ìoã`ö Ý%ÞJé�ï�ï,ß�î;åé�æHäsñàß�ï9î�ç,é�ø´ß�ï�â
ï9éíðqëàìíß:Þàß�ùàç9éíï,åéíîHö 0 ó�æ`ìíì�æ{áÚé�äàê�ï9ß�î;åéíæ`ä5ñàß�ï,î�ç9éíøzß�ï�â[ä4éíðqëàç,æ{ò`ß�ñ5Þàß�ùàç9éíï,å9é�î ø�âHï,ß�ñ4æ`ä5æ`ø��,ß�î;å$#§ï�â[ê`ßHö
Ý%ÞàßÀï,é�ð3ëàì�ß5Þàß�ùàç9éíï,åéíî7î	ÞàæWæ`ï,ß�ï5âHï�âÑêYâHç,ø�âHê`ß4ï9ùàï,ëzß�î�å.âHäYã|ß;÷cëzæHç,åß�ñ»æ`ø��,ß�î�å®å9Þ�â[å®éíï�äàæ[å®ì�æWîFâ[ì�ìíã

ç9ß�âHî	Þ�âHøàìíßHö3Ý%Þàß�ï,ß®âHç,ß!î	Þ�âHçâ[î�åß�ç9éíï,åéíî�ï åÞàâ[åÇâHäYã1ùàï9ß�ì�ß�ï,ïÇß(÷cëzæ`çÁåß�ñÑæ`ø��,ß�î�åÇÞ�âFò`ß[ö�Ý%ÞàéíïÌÞJß�ùàç,é�ï,å9é�î!îFâ[ä
øzßqé�ð3ëàì�ß�ðqß�äYåß�ñ1áÚéíå9Þ³â/.ÔâHê7î�âHì�ìíß�ñM¥�¨{¡9�H¥ª¥°¯[µ¼��9�W¡	�J�Y¢�¥���åÞ�âRå½é�ïÆéíäàéíå9éüâHìíé ��ß�ñÀåæ��à�(±Ô�:áÚÞàß�äÑå9Þàß�æHø��,ß�î;å
é�ï.��ç9ïÁå:ß;÷cë´æ`ç,å9ß�ñ�ö�Ý%Þàé�ï0.ÔâHê®éíï�ï,ß�å:å9æ4Ä��H¥ �{�Ðñàùàç,é�äàê�â�ì�æWîFâHì�êYâ[ç9ø�âHêHß�î�æHì�ì�ß�î�å9é�æ`ä.éíó�â[óªåß�ç�åç9âHî�éíäàê�ìíæcî�âHì
ç9æWæHåï�øàùJå ø´ß�ó�æHç9ß�å9çâHî�é�äàêqß;÷cëzæHç,åß�ñ1æ`ø��,ß�î;åï�þ�åÞàß½æHø��,ß�î;å:áÐâ[ï äàæHå:ðqâHç,èHß�ñ1â[äàñÀåÞàß�ç9ß;ó�æ`ç9ß½äJæHå ì�æWîFâ[ì�ìíã
ç9ß�âHî	Þ�âHøàìíßHö

6ùJå!åÞàâ[å3é�ï!äàæHåqâHìíìjö 0�äMß;÷cë´æ`ç,å9ß�ñ|æ`ø��,ß�î;åqå9Þ�â[å3é�ï!äàæ[åqìíæcî�âHì�ìoãÑç,ßFâHî	ÞàâHøàì�ß5î�âHä|ïÁåéíì�ìÐø´ß7â[î�î�ß�ï9ï,ß�ñ
ç9ß�ðqæHå9ß�ìoã`ö.ý�ùàç,å9Þàß�ç,ðqæ`ç,ßHþvéíåÇîFâHä³ø´ß�î�æ`ð3ßqìíæcî�âHì�ìoãÀç9ß�âHî	Þ�âHøJì�ß®â[êYâHé�äÑâHïÇâ7ç9ß�ï9ùàìoå½æHóÚâ.ç9ß�ðqæHå9ß�ð3ß�å9Þàæcñ
é�äYò`æWîFâRåé�æHä�ö�ÝOæ!åâHèHßÆéíäkå9æ!âHî�î�æ`ùàäYå%åÞJé�ï%îFâ[ï9ß�ï�þ�ß�òHß�ç,ã�å9é�ð3ß:âHä5ß(÷Jë´æ`çÁåß�ñ5æ`ø	�,ß�î�å*¨�é�ïÐùJï9ß�ñ.é�ä5â½ç,ß�ð3æHåß
ðqß;åÞàæWñ5é�äYò`æWîFâRåé�æHä�þàß�éoåÞàß�çÚâHï�âHç9êHùàðqß�äYåÚæ`çÚâHï�â½å	âHç,ê`ß�å�þt¨H·�¥�¨{¡9�H¥ª¥°¯[µ¼��9�W¡	�J�Y¢�¥��yé�ï%ï,ß�åÚåæ¤�à�(±��;ö

0»êYâHç,ø�âHê`ß%ï,ùàï9ë´ß�î;å&éíï�åÞàß�ç9ß;ó�æ`ç9ß[þcâ[äkã½ß;÷cëzæHç,åß�ñqæHø��,ß�î;åyáÚéoåÞ3â1.ÔâHê!¥�¨{¡9�H¥ª¥°¯Rµ¼��9�W¡	�J�Y¢�¥��tß�ûkù�âHìàåæ�Ä��H¥ �{�;ö
ô¶ó�ñJé�ï,å9ç9éíøàùJåß�ñ¤êYâHç9øàâHê`ß�æ`ø��,ß�î�å9ïqß(÷Jéíï,å�þyå9Þàß.âHì�ê`æHç9éíå9Þàð�ð�â[èHß�ï!ï,ùàç9ß�åÞàâ[å*åÞàß�ç9ß.âHç,ß4â[ìíá6â{ãWï!ï9ùJï9ë´ß�î�å9ï
âFòHâ[é�ìüâ[øàì�ß�økã5ç,ùàäàäàéíäàê*åÞàßÆìíæcî�âHì^êYâ[ç9ø�âHêHß î�æ`ìíì�ß�î;åæ`ç6ëzß�ç9é�æWñàéíîFâHìíìíã`ö
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Ý%Þàß3ï9ß�î�æ`äàñxé�ï9ï,ùàß3é�ï Þàæ{á ìíæcî�âHì'âHäàñlç9ß�ðqæ[åß!ø�âHî	è`õ¼ç,ß�ó�ß�ç9ß�äJî�ß�ï�äàß�î�ß�ï9ï9âHç,ã1ó�æ`çÆø�â[î	èYõjåç9âHî�éíäàê.âHç9ß3æ`øcõ
å	âHéíäàß�ñ^ö Ðâ[î	èYõjåç9âHî�éíäàêÀé�ïÇâHä³ß(÷Wåß�äJï9é�æHäÎæHóÚç9ß;ó�ß�ç9ß�äàî�ß�ì�é�ïÁåéíäàêàþvâHäàñÑå9Þàß�ç,ß�ó�æ`ç,ß®ç9ß�ðqæHå9ßqøàâHî	è`õ¼ç9ß;ó�ß�ç,ß�äàî�ß�ï
âHç9ß½âHì�ç,ßFâHñJã7âFò[âHé�ì�âHøàì�ßÌé�äÀå9Þàß½ó�æ`ç,ð æHóyç,ß�ó�ß�ç,ß�äàî�ß;õ¶ì�é�ïÁåï�ö ��ò`ß�ç,ã�ß(÷cëzæ`çÁåß�ñlæHø��,ß�î;å5¨ÇÞ�â[ïÆâ®ì�é�ïÁåq¨H·����¬(µ¼¥°���;©
æHóOï9ß�ç,ò`ß�ç9ïÚåÞ�âRå%Þ�âFò`ßÆëàç,æ{÷céíß�ïÐåæ7¨Rö���æ{á6ß;ò`ß�ç�þÔì�æWîFâHì´ø�âHî	è`õ¼ç,ß�ó�ß�ç9ß�äJî�ß�ï�ñàæ!äàæHåÐß;÷cé�ïÁå�âHäàñ�åÞàß�ç9ß;ó�æ`ç9ß Þ�âFòHß
åæ5ø´ß*î�æ`ð3ëàùJå9ß�ñ1é�ä1ï9æHðqß�á6âFã`ö!Ý%Þàéíï ï9ß�î;åéíæ`ä1ñàß�ï,î�ç9éíøzß�ïÆÞàæ{á¸åÞJß*ì�æWîFâHìvêYâHç9øàâHê`ß*î�æHì�ì�ß�î�å9æ`ç�î�æ`ðqëJùJåß�ï
ì�æWîFâHìzø�âHî	è`õ¼ç,ß�ó�ß�ç9ß�äJî�ß�ï�ö
ô¶åyé�ïyé�ð3ëzæ`çÁå	âHäYå�å9æ�ï9â{ã*å9Þ�â[å&äàæHå&âHìíìàåÞàß�ì�æWîFâHì�øàâHî	è`õ¼ç9ß;ó�ß�ç,ß�äàî�ß�ï%âHç,ß�äJß�î�ß�ï9ï9âHç,ã3ó�æ`ç�ø�âHî	è`õ¶å9çâHî�é�äàêJö �t÷Wõ

ëzæHç,åß�ñ®æ`ø��,ß�î�å9ïÚâHäàñ®ëàç,æF÷Jéíß�ï%â[ç9ß�å9Þàß�æ`äJìíã3æ`äàß�ïÐç9ß�ì�ß�ò[âHäYå&ó�æ`ç6ñàéíï,å9ç9é�øJùJåß�ñ®êYâHç,ø�âHê`ß�î�æ`ìíì�ß�î;åéíæ`ä�ö ):ø��,ß�î�å9ï
åÞ�âRå6â[ç9ß�äàæHåyß;÷cë´æ`ç,å9ß�ñ®î�âHä�ø´ß�âHùJåæHð�â[å9é�î�âHì�ìoãÇî�æ`ì�ìíß�î;åß�ñ3øYã!åÞàß�ì�æWîFâHìJêYâHç9øàâHê`ßÚî�æ`ìíì�ß�î�åæHç'æ`äàî�ßÚåÞJß�ãqâHç9ß
äàæHå ç,ßFâHî	ÞàâHøàì�ßÇó�ç9æ`ð@ß�éoåÞàß�ç:ì�æWîFâHìOç9æWæHå9ï:æ`ç:ß(÷Jë´æ`çÁåß�ñ1æ`ø	�,ß�î�å9ï�öÌô¶å é�ï�ëzæ`ï,ï9éíøàì�ßÌåÞàß�ç9ß�ó�æHç9ßHþ�å9æ�æ`øJåâHé�ä�â[ä
âHëàëàç,æF÷Jéíð�âRåé�æHä4æHó'âHì�ì�åÞJß�ø�âHî	è`õ¶ç9ß�ó�ß�ç9ß�äàî�ß�ï Þàé�ñàéíäàê®â[ì�ì�äàæ`ä7ß;÷cëzæHç,åß�ñ�æ`ø��,ß�î�åï�þ�âHäàñ7æ`äàìíã5ç,ß�ëàç,ß�ï,ß�äYåéíäàê
Þàæ{á ß(÷Jë´æ`çÁåß�ñ4æ`ø��,ß�î�åï�âHäàñ5ëàç,æF÷Jéíß�ïÚç9ß�âHî	Þ7ß�âHî	Þ.æHåÞàß�ç�ö

��ò`ß�çÁãÑëJç9æF÷WãÑæ`çÇß;÷cë´æ`ç,å9ß�ñ³æ`ø	�,ß�î�å*º®ï,åæHç9ß�ïÇéíå9ï�ø�âHî	è`õ¶ç9ß�ó�ß�ç9ß�äàî�ß�ï*øzæHå9Þ³ì�æWîFâ[ì�âHäàñ³ç,ß�ð3æHåß[þ�é�äÑâ4ì�éíï,å
ºk·ª¢	�W¡	¿Rµ¼���¬�;öqÝ%Þàßqì�éíï,åÌºk·ª¢	�W¡	¿Rµ¼���¬�:î�æ`äYå	âHéíäàïÆë�âHéíç9ïÆæHó6å9Þàß!ó�æ`ç9ð É,¨H¢TÈF�	¡;©ªÅÚ�{�;�;ËH�;�¶ÊRþ�áÚÞàß�ç9ß®â5ï9éíäàê`ìíß3ëàâHé�ç
ç9ß�ëàç9ß�ï9ß�äYå9ï�ß�éíåÞJß�çÚâ½ëàç,æ{÷Wã�æHçÚâHä�ß;÷cë´æ`ç,å9ß�ñ.æ`ø��,ß�î;åÚåÞ�â[åÐëzæ`éíäYåïÐåæ!º`ö'ô¶óÚ¨H¢TÈF�	¡;©^ç,ß�ï,é�ñàß�ï�éíä7�{�;�(ËH�;�;þWåÞàß�ä
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A

B

suspect

suspect

suspect

suspect

tail

current

Q

Q

tail

current

a
RefList

b

d

a’

c’

{B}

RefList
c

{A}

Q

tail

Q

tail

current

3. c’ is back-traced.

2. c is back-traced.

1. c is suspect.

4. a is back-traced.

c B

c B

c A

c B

A

a A

c B

A

a A

a B

5. No more objects to back-trace and no
   root was reached. Therefore a and all

the objects in the queue are collected.

START

current

’

c’

c’

’
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����� �(� *	�
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0�ìoåß�ç,ä�â[å9éíò`ß�ìíãHþ`ß;÷cë´æ`ç,å9ß�ñ�æHø��,ß�î;åïyâHäàñ3ëàç9æF÷cé�ß�ï'åÞ�â[å�Þàâ{òHß�â[äqéíäàñàß;÷½é�ä �1ì�ß�ï,ï'åÞ�â[å:¡;±W�(��;£�©ÔâHç9ßÇ¢�¥o�W¡	¿Rö
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��ï,é�äàêÌåÞàéíï&åç,é�î�æ`ì�æ`ç'ðqâHç,èWéíäàê�éoåyé�ï6ë´æ`ï,ï9é�øJì�ßÚåæ½ß(÷JëJìüâHéíäqåÞJß�ëàç,æ`øàì�ß�ð æHó�ëàç,ß�ðqâ[åùàç,ß�î�æ`ì�ìíß�î�å9é�æ`ä!éíä�åÞàß
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a a

bb

1. A new reference that goes from a white
   object to a black object is created.

2. Paths from root to grey objects are removed.

1.

2.

back-tracing

White 

Grey

Black
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Back-trace factoring is used.
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