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?U01TU,U<>N6O
01N�01N6^ºW-<>CE^�NL?U<>01N�<HN 01TuW-^(TS,/0ÍTU^pW-*LÚ�^�,/46^ ú *L.1W6T/.D,U<IÚ�N5*6C�ô�^(T�0DÜ�Ú{0FCªM�.DT/<>?U01NL?SÜç0FT
Ú�.DN�W-<>WL.},U^�^�N@,UT/Û�M�.D<>T/?([Fò ô6TU^p.1W5,/4-÷zéLT/?¬,+Y1^(T/?U<>01NE0DÜ����yî�<�,/4º<>CªMLTU0}YF^(WªöLh���Ú{0@?i,]îQ.F?
M6TU0FM�0@?¬^pW3<>N ü�ï�{:ÿ�[

Ùb46^+V�.DTU,U<H,U<>01N fb.1?U^(W�25ML.D,U<I.DG1AÍ^(TUOF^8Ýi01<>N'æ¦VBf�2-Aøë�ü � �}ÿ1<I?�ôL.F?¬^pW�01N�,U46^�TU^(G>.D,U<>01NL.1G
4L.1?U4'Ýi01<>NB0FM�^(T/.D,U01TS.DNLWB.1M6M6G><H^p?�0FNÍ,iî]03N601N-÷�<>NLW-^{ù-^pWÍ?¬^�,/?([�Ùb46^ª?¬M�.1Ú{^y<>?STU^(O1*6GI.DT/G>Û
ML.DTU,U<H,U<>01N6^pWº*L?U<>N6Oª.1Nº01TU,U4L01O10FNL.DG�O1T/<>Wð.DNLW301ô-Ýi^pÚJ,u?+ÜçT/01C ô�0D,/4½W6.D,/.F?¬^�,/?Q.DT/^�4L.F?¬46^pW
<HN@,U0	,/46^ºML.1T¬,/<�,/<H0FNL?(9�TU^(M6GH<IÚ�.D,U<>N6O½,U46^301N6^p?�,U4L.D,y?¬M�.DN ô�0F*6NLW6.1TU<>^(?([ �o<HOF*6T/^Íï(.½<HG>G>*L?i÷
,UTu.},U^p?
.ST/^�OF*6GI.DT
?¬ML.FÚ{^QML.DTU,U<H,U<>01NL<HN6O�<>NLÚ{*6T/T/^(W�ô5ÛyV	f�2-A .1NLW�?U01CE^bW6.},u.�4L.1?U46^(Wy<HN@,/0
,U46^�ML.1T¬,/<�,/<H0FNL?�[-R�.},u.�4�.1?U46^(W3<HN@,U0ª,/46^�?U.1Cª^�ML.1T¬,/<�,/<H0FNL?�.DT/^�,/46^�NªÝi01<>N6^pW3<>NðCE^(Cª0FTUÛ
*L?¬<>N6O½M6GI.DN6^'?Uî]^(^�M$[8ö�Ü�,iîQ0½ô6*LÚu=1^�,/?S,U0	ô�^�Ýi01<>N6^(W�W-0½N60D,�é6,�<>NøCE^�CE0FTUÛF98,U46^'.DG>O101÷
TU<H,U46C <I?ªTU^pÚ{*6Tu?U<HYF^�G>Û�.1M6M6G><H^pW Üç01Tª,/46^�<>T'Ú{01N@,/^�N@,/?([
2-<HNLÚ�^½WL.},/.ÌÜçT/01C ô�01,U4ÉW6.},u.1?U^{,u?
CE.:Û3ô�^�T/^�M6G><IÚ�.},/^(W�95,/46^�?U<HCEM6G>^�Y1^�Tu?U<H0FN30DÜo,U4L^�.DG>O101T/<H,U46C C'.:ÛºM6T/0-W-*LÚ�^�W6*6M6G><>Ú(.},U^p?��
460}î]^(Y1^(T(9�,U4L^(?U^ºÚ�.DN�ô�^3.:Y10F<>W-^pWBô5Ûø.	?U<HCEM6G>^ºÚu46^pÚu=ýü �L9��1ñ}ÿ�[�Z¾46^�N�,U4L^ºW6.},u.½,U0Íô�^
Ýi01<>N6^(W'.1TU^�?U=1^(î]^pW�91?U01CE^�ML.1T¬,/<�,/<H0FNL?+C'.:ÛEÚ{01N@,u.D<>NE.�G>.1TUOF^�M�^(T/Ú�^�N@,/.1O1^�0DÜ8,/46^�4L.F?¬46^pW
01ô-Ýi^pÚJ,/?(95î�46^�T/^(.F?�01,U46^(T/?]Y1^(TUÛªÜç^(î 01ô6Ýi^(ÚJ,u?�95T/^�NLW6^�T/<HN6Oy,U46^�.1GHOF01T/<�,/46C <HN6^bxºÚ{<>^�N@,([-Ùn0
4L.DNLW6GH^�?U=1^(î]^pW3W6.D,/.695,/46^�Ú{^(GHGI?�01Ün,/46^�O1T/<>W½.DT/^�W-<>?¬,UT/<>ô6*-,U^pWð,U0'ML.1T¬,/<�,/<H0FNL?�.1Ú(Ú{01TuW-<>N6O
,U0E.y4L.F?¬4ºÜç*6NLÚJ,/<H0FN½.1NLW',/46^�?¬ML.FÚ{^�Ú{0}Y1^(TU^pW'ô5Û'.yML.1T¬,/<�,/<H0FN3<I?�NL0�G>01N6OF^�TbÚ{0FNF,/<HN5*60F*L?(9
ô6*-,�Ú{01N�?¬<I?i,u?�01Ün.�N5*6C�ô�^(T]01Ün?/Ú�.},U,U^(TU^pWE,U<>GH^p?�[ �o<>O1*6T/^yï(ô3?¬4L0}î�?]?U*LÚu43.ðæçT/01*6NLW-÷zT/01ô6<>N
GH<>=1^:ë
?¬ML.D,U<I.DG64�.1?U4�Üç*LNLÚJ,/<H0FN$91î�46^(TU^b,/<HG>^(?+î�<�,/4E,U46^�?/.DCE^�N5*6C�ô�^(T�.DT/^�.1?/?¬<>O1N6^pW�,/0�,U4L^
?U.1Cª^�ô6*�Úu=1^{,p[6ò ML.DTu.DG>G>^�Gz9-N601N-÷�ô6G>0-Úu=@<>N6OªY1^(T/?U<H0FN301Ü
V	fb26A îb.1?QM6T/01M�0F?U^(Wð<HN ü �DñDÿz[

partition

repartitioning 2 0 1 2

1 2 0 1

1 20 0

1 20 0
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��01*LW6.F?�.DNLWº2-^�YFÚ�<H=	üHï(þ}ÿ�M6TU0FM�0@?¬^pWE.�46<>^�Tu.DTuÚu46<>Ú(.DG-ML.1T¬,/<�,/<H0FN6<>N6O�,U4L.D,].:Y10F<>WL?�W6.},u.
TU^(M6GH<IÚ�.D,U<>01N$91ô@Ûª.1?/?¬<>O1NL<HN6O�^p.1Úu4ª01ô-Ýi^pÚJ,�,U0�,U46^b,/01M6CE0F?¬,�GI.:Û1^(Toî�4L^�T/^�<�,]W60@^p?�N601,�?¬ML.1N
.DN5Û3OFTU<IW	GH<>N6^F[�Ùb46^�2-ML.},/<>.1GnK�.F?¬4p�F01<>N æ�2-Kg�@ë�.DG>O101T/<H,U46C"ü�ï �}ÿnW-^�éLN6^p?�4L.F?¬4-÷�ô6*LÚu=F^{,u?
î�<�,/4'<HT/TU^(O1*6GI.DT
^�ù@,/^�N@,/?�æ¦î�46<IÚu4'CE.:Ûy0}Y1^�T/GI.DM�ë{9D?¬*LÚu4�,U4�.},�^p.1Úu4ª01ô-Ýi^pÚJ,�ÜçT/01C�,/46^�<>N6N6^�T
W6.},u.1?U^{,+<I?�4L.1?U46^pW�,/0�^{ù6.1Ú{,UG>Ûy01NL^QôL*LÚu=1^�,�.DNLWª01NLGHÛ�01ô-Ýi^pÚJ,/?oÜçT/01C ,U46^�01*-,/^�T�01NL^�CE.:Û
ô�^�TU^(M6GH<IÚ�.D,U^pW�[ �o<>NL.DG>GHÛF9L,/46^yCE^�,U460-WBMLTU0FM�0@?¬^pWð<>Nýü �:ÿ�.DM6MLGH<>^(?�^{ù5,U^(TUNL.1G§M6GI.DNL^�?Uî]^(^�M
.}ÜÈ,U^(T�?¬0FT¬,/<HN6O�ô�01,U4	W6.},u.1?U^{,u?�0FNð.DN½.}ù-<I?�[-Ùb46<I?QCª^�,U460-WðîQ.F?�GI.},/^�Tb^{ù5,/^�NLW-^pW3<>NøüHï{ÿ8,/0
.�*LN6<�é�^(Wð,U^pÚu46N6< ú *L^�Üç01T�<>NLW-^{ù-^pW½.1NLWðN601N-÷�<>NLW-^{ù-^pW3<>N6M6*-,u?�[



ò�N601,U46^(T�Ú{GI.1?/?�0DÜ�.DG>O101T/<H,U46C'?�.D<>C'?�.},�Ýi01<>N6<>N6OÍ.	N601N6÷z<>NLW-^�ù5^pWøWL.},/.F?¬^�,�î�<�,/4 .1N
�1�F,/TU^(^1[1Ùb46^�25^�^pW-^(W'ÙnT/^�^��F01<>Nº.DG>O101T/<H,U46C æ�2-Ù¦�5ë�üHï��}ÿ�ô6*6<>G>W6?Q.�?U^(Ú�01NLWo�1�@,UT/^�^�*L?U<HNLO
,U46^E^{ù-<I?i,/<HNLOð0FN6^ª.F?S.½?U^�^(Wø.DNLWÌ,U4L^�N .DM6M6G><>^(?"���L[§2-GH01,�ögNLW6^{ù�25M�.},U<I.DGK�F01<>Nýæ�2-ö¬2,�@ë
ü �6ï{ÿ�<I?º.�4@Û5ô6T/<IW 01Ü�26Ù¦� .DNLW¾2-Kg�L9+î�4L<>Úu4É*L?U^(?E,/46^Í^{ù-<I?i,/<HNLO����F,UT/^�^	<>N¾01TuW-^�Tª,/0
W-^{,/^�T/Cª<>N6^�,/46^�ô6*LÚu=F^{,�^{ù5,/^�N@,/?([6ö�Ü�� <I?b,/46^�W-^(?U<>TU^pWðN5*6C�ô�^(T�0DÜ
4L.1?U4	ô6*LÚu=F^{,/?(9L25ö¬2,�
éLNLW6?º,U46^Ì,U01MLCª0@?i,ºG>^�YF^�GS0DÜ�,U46^B,UT/^�^Ì?U*LÚu4ó,U4L.D,3,/46^BN5*6Cyô�^�Tð0DÜ�^�N@,/TU<>^(?'<I?ºGI.DT/O1^(T
01TE^ ú *L.1G�,/0�� [
Ùb4L^(?U^ð^(NF,/TU<>^(?E.1TU^3,U46^(N OFTU0F*6M�^pW <>NF,/0�� æçM�0F?/?U<Hô6G>Û 0}Y1^(TUGI.DMLM6<HNLO@ë
ML.DTU,U<H,U<>01NL?�Ú(.DG>GH^pW ã �>å}à�ãu9§î�46<>Úu4 W-^�éLN6^E,/46^'ô6*LÚu=F^{,�^{ù5,/^�N@,/?([ ��.FÚu4�?UGH01,yÚ{0FNF,u.D<>NL?�,U4L^
A|f��É0DÜ8,U46^�<HNLW6^{ù-^(W �1�@,UT/^�^�^(N@,UT/<H^p?�91.1GH0FN6O�î�<H,U4º.�G><>?¬,�01Ü8M�01<>N@,U^(T/?
,/0�,U4L^(?U^�^�N@,UT/<>^(?([
Ùb46^yOFTU0F*6M6<>N6O'M�0FGH<IÚ{Û	*L?U^(WBô@ÛB25ö¬28�3<I?�ôL.F?¬^pWÍ01N	,/46^�,U46^ª?¬M6G><H,¬,U<>N6Oð46^�*6T/<I?i,/<>Úy0DÜ�,U4L^
���$�@,UT/^�^�ü �}ÿ�[(Ùb46^]4L.1?U46<>N6O�.1NLWQÝi01<>N6<>N6O�M64�.1?U^+0DÜL25ö¬2,�S<I?§?U<HCE<>G>.1T$,U0�,U46^QÚ{0FTUT/^(?UM�0FNLW-<>N6O
M64L.1?U^(?]0DÜ�2-K�� �-.DG>G�W6.},u.�ÜçT/01C ,U4L^ ���F,UT/^�^S<HN�W-^{ù-^(Wðô5Ûº.y?UGH01,b.1TU^SGH0@.1W-^pW3.1NLW�Ýi0F<HN6^pW
î�<�,/4ð,/46^�Ú{0FTUT/^(?UM�01NLW-<>N6Oª4L.1?U4-÷�ô6*LÚu=F^{,([

�R�v� �q���$�$�8���
	p�R�G�����o�8���
��	)���,��	�������	�����	*�
��^(?U^(.1T/Úu4 0FN ,U46^ ì}ÞIãJàgí}ß�äuá"��åDÞÈßø0FM�^(T/.D,U01Ty4L.1?�C'.D<>N6GHÛ�Üç0-Ú{*�?¬^pW 01N M�01<>N@,ªW6.D,/.F?¬^�,/?(9
ô�^pÚ�.D*�?¬^ð,U46^(Û .DT/^ðCE0FTU^ðTU^(GH^(Y:.1N@,ª<>N .1M6M6G><>Ú(.},U<>01N�?�01Ü�46<>O146^(TªW6<HCE^�N�?¬<>01NL.1GH<H,iÛ�æç^F[ O�[H9
<HC'.DOF^�M6T/0-Ú{^(?/?U<HN6O�9LW6.D,/.'CE<>N6<HNLO@ëJ9�î�46^(TU^�,/46^�W6.D,/.º.1TU^yM�0F<HN@,/?([Lö�Ü�,iîQ0ºM�01<>N@,/?��'.1NLW
�º.DT/^'î�<H,U46<>N W-<I?i,u.DNLÚ�^ 	(9§,U46^(N ,U46^ºÚ�<HTuÚ{G>^(?�m��19�m��yî�<H,U4 Ú�^�N@,U^(T/? �59K�º.1NLW�T/.FW-<H< 	 � �
<HN@,U^(T/?U^(Ú{,(96<>CEM6G>Û@<>N6O',/4L.},�,U46^(<HT�A|f���?����o.DNLWp���$<>N@,U^�Tu?U^(ÚJ,p9�.F?�<HG>G>*L?i,/T/.D,U^pW	<HN �o<>O1*6T/^
�D.6[�Ùb46^�T/^{Üç0FTU^F96O1<>Y1^(N	,iî]03M�0F<HN@,�?U^{,u?�� .DNLW � ,U4L.D,�é6,�<HNBCE^(Cª0FTUÛF9LîQ^yÚ�.1NÍTU^pW-*LÚ�^
,U46^��Eæ�� � �!� �"� ëªW-<>?¬,/.1NLÚ{^�Ýi01<>NÉÚ{0F?¬,(9oô5Ûý.DMLM6GHÛ5<>N6Oø.øM6GI.DN6^�÷�?UîQ^�^�M .DG>O101T/<H,U46C 0FN ,U4L^
A|f���?�01Ü�,U46^(<HTªÚ{<>T/Ú�GH^p?�[oÙb46^�N$9oîQ^ºTU^(CE0}Y1^º.DN5ÛÌÜ¦.DGI?¬^ð46<�,u?3æ¦GH<>=1^3,U46^ð01N6^º<>N �o<>O1*6T/^
�}ô�ënô5Û�^{ù6.FÚJ,+W-<I?i,u.DNLÚ�^bÚ(.DGIÚ{*6GI.},/<H0FNL?([D;�0D,/<>Ú�^Q,U4L.D,
M�01<>N@,+^{ù5,U^(NL?U<H0FNªÚ(.DNªô�^bM�^�TUÜç01T/Cª^pW
W-Û5NL.DCE<IÚ�.DG>G>Û½.1NLWÍ01N6÷�W-^(C'.DNLW	Üç0FT�^p.1Úu4ÍY}.DG>*6^y01Ü 	p9�î�<H,U460F*-,�.DN5ÛðMLTU^pÚ{01CEM6*6,/.},/<H0FNL?([
�n<>O1*LTU^ �DÚ�?U460}î�?Q460}î ,U46<I?�CE^{,/460-W	Ú�.DN½ô�^�O1^(N6^�Tu.DG><Hû(^(WºÜç01T��1�@,UT/^�^�A|f���?�æ¦<�[ ^1[>96Üç0FT
,U46^ ���ª.DG>O101T/<H,U46CºëJ9@î�46<IÚu43.DT/^�^�ù5,U^�N�W-^(Wº,U0$#ÍÞÈß&%1å �
ã'%)(�T/^�OF<H0FNL?�.1NLW3.1M6M6T/0:ù-<HC'.},/^(W
ô@ÛóT/^(ÚJ,u.DN6OFGH^p?�[+ò�N�.DGH,U^(TUNL.D,U<>Y1^ÍCE^{,/460-W�9�î�4L<>Úu4�?U<HCEM6G><HéL^(?º,U46^'Ýi0F<HN§9�<I?',U0ý^{ù5,U^(NLW
ô@Û 	E.DN�W .DM6M6T/0:ù-<HC'.D,U^º0FN6GHÛø,U4L^ðM�01<>N@,/?½æ¦.DN�W A|f���?uë�0DÜ�0FN6^3W6.D,/.F?¬^�,([ �n<>O1*LTU^ �1W
<HG>GH*�?i,/T/.D,U^(?�,/46^Í^{ù5,U^(NL?U<H0FN .DN�W .1M6M6T/0:ù5<>C'.},/<H0FN 0DÜ"�Ì01NLGHÛF9o<>N ,U46^BÚ�01N-éLOF*6Tu.},U<>01Ný0DÜ
�n<>O1*LTU^
�D.6[ RS<>?¬,/.1NLÚ{^ðÝi01<>NL?	.DT/^øÚ�GH0@?¬^(GHÛÉT/^�GI.},/^(WÉ,/0 ãJÞ+*ªÞ��Hí}âJÞÈà,( â/á{àzâJÞ¦áyu}í �Q<>N 46<>O14-÷
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W-<HCE^(NL?¬<>01N�.DG8?¬ML.FÚ{^p?�[�ü �'{:ÿ�MLTU^p?¬^(NF,],U46^�W-Û5NL.DCE<IÚ�Ú�01NL?¬,UT/*LÚJ,/<H0FN'0DÜ§.�,UT/^�^�,/4L.},Q<HN�W-^{ù-^(?
,U46^ÍM�01<>N@,/?'*L?U<>N6O 01N6^ÍW-<>CE^�NL?U<>01NÉM�^(TºG>^�Y1^(G�9+.1NLWÉÚ�.1Nó^bxºÚ{<>^�N@,UG>Û éLN�W M�01<>N@,ºML.D<>Tu?
î�<�,/46<HN W-<I?i,u.DNLÚ�^ 	p[�ü�ï 
pÿ�W-^�YF^�G>01M .ýO1^�NL^�Tu.DG><Hûp.},U<>01N¾01Ü�,U46^ .DG>O10FTU<H,U4LC <>N üHï(þDÿ�.1NLW



Ú{01CEML.1TU^�<H,bî�<H,U4	.DN½^{ù5,/^�NL?U<H0FNð01Ü�����[ �o<HNL.1GHG>Û196.1Nð0FM-,U<>CE<Hû(^(WðCE^{,U4L05W3Üç01T�MLTU0Fô6GH^(C'?
0DÜLCE^(W6<H*6C W-<HCE^(NL?¬<>01N�.DG><�,iÛ'æç^F[ O�[H9:{���ïpñ�W-<>Cª^(NL?U<H0FNL?/ë§<I?nMLTU0FM�0@?¬^pW�<HN½ü {}ÿz[:ögNE?¬*LCªC'.1TUÛF9
,U46^p?¬^�,U^pÚu46N6< ú *6^(?�.1TU^�?¬*6<H,/.1ô6G>^SÜç0FT�46<>O14ðW6<HCE^�N�?¬<>01NL.1G�M6T/01ô6G>^�C'?Qî�<�,/4601*6,�Ú(.DTuW-<>NL.DG><�,iÛ
Ú{01N�?i,/T/.1<HN@,/?ª.DN�W Üç01Tª,/46^ÍÚ�.1?U^½î�46^�Ný,U46^ ú *L.DG><HÜçÛ@<>N6O�ML.D<>Tu?ª.1TU^ðTU^�,UT/<H^(Y1^pW ÜçTU0FC ,U4L^
?U.1Cª^�W6.D,/.F?¬^�,([

�601TS,U4L^E?UML.D,U<I.DG�æç<z[ ^F[H9 �}÷�W-<>CE^�NL?U<>01NL.1GIëSW-01C'.1<HN$9�,/46^ª.1GHOF01T/<�,/46C'?�01Ü+,U4L^ªMLTU^(Y@<>01*�?
?¬^pÚJ,U<>01Nø.DT/^y?i,/<HG>G�.DM6MLGH<IÚ�.1ô6GH^�î�<�,/4ø?U01CE^�CE0-W-<Hé�Ú�.D,U<>01NL?([ �L*6TU,U46^(TUCE01T/^19�T/^�GI.},U^pW	î]0FTU=
4L.1?
ô�^�^(N�M6T/01M�0F?U^(Wy<HN�,U4L^�Ú{01N@,/^{ù5,o01Ü
ä �Hå:ã�á{ãJà8sLí}ÞÈâuã�æzPQVQë ú *6^(TU<>^(?([Dõ�<HYF^�NE.S,U46T/^(?U4601GIW
� 9L.3PQV ú *6^�T/ÛºT/^{,UT/<>^�Y1^p?Q,U46^ � Ú�GH0@?¬^p?i,�ML.1<HTu?������3���{9 ���p��9G���|�b[�PQV ú *6^(TU<>^(?b4L.:YF^
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