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j±whsopradxQe~sol\u~lVu�¡v��ad`b|£ukaVadcf`�ô@a�cÈp�coukshsf`b� ����cf`zprcvuk|�u�p}»ad`b|dx�lnadx{ptlCekj(adcf`£¡o�Qa�`t| n ò�uk|d`@g�`tmfx�prad`OgÜxQs ² xQyh��Ù�� ² |de~^adcfx�l¥¡oy~wh|d`~¸Ëx�aCpbuks¼�v`½ln`t`bsÜadcoukaCu@lnmoukadx�uq����`quk^Ój±e=prwol�x�shye~siadcf`Tg�xQ|d`OpradxQe�svuk�Kshe�x�ln`£x{l�j±e~|d^V`Og9x�s�a�ch`@p�cvuq|�u~prad`t|dx{l�a�x�pekj n î ³ lne~�Qx{g���xQsf`�¶�¸ � cfx�prc¹pre~|d|d`Olnmve�svgflZadeGadcf`�g=e~^Vx�svuqsha`bxQy~`bs���uk��wh`�ekj(ý9�lo�s�a�ch`½e~adcf`b|Ccvuqsvg�¸Xx�s�adcf`¤prcvuk|�u�p}a�`t|d»x�lnadx{ptl·ekj n ò j±e~|Zô�ì_× êOï}ïbïOêFp ³ gfu~lnch`OgÜ�QxQsf`k¶�¸�uÅl�moukadx{uk�sfe~a�p�c@x{l�j±e~|d^V`OgVxQs£adch`�g�xQ|d`OpradxQe~sTekjXadcf`Cg�xQ|d`OpradxQe�svuk�oshe�x�ln`��Æ u�l�`OgMe~sÇadchx{lb¸ � xQadcÇ|d`by�uk|�gMade�adcf` � cfxQad`bshx�shy2mh|de=pr`Oldlb¸xQa½ptuks2|de~wfy~cf�Q�9�Ë`@wfsvg�`b|�l�a�e�ehgiadcvuqa\adcf`�she~x{l�` © ³�é�ê�ë ¶Cx{lg�`qpre~^Vmoe�ln`OgÈxQsfade2g=x�|d`qpradx�e~svuq��sfe~x�ln`iuqsvgÇlnmvuqadx�uk���Q��» � cfxQad`�ou~p�Ò�y~|de~wfsog�sfe~x�ln`~¸�uksogMadcoukaTadcf`bxQ|Ty�ukx�svlTuk|d`Gadcf`bs�sfe~|d»
^£uk�Qx��b`qg��Õ��cf`�y�ukxQsTsfe~|d^£uk�Qx��quqadxQe~sTx�l�mo`t|nj±e~|d^V`Og@�f� E � î�� ÿòxQs ³ ÀbÙ�¶¥uksogzmf��ut�fl�uksz`Oldln`tsfadx{uk�Ë|de~��`Zx�s9lnmoukadx�uq� � cfxQad`bsfxQshyf�Ï wf|dxQshy·adcfx�lÄmh|de=pr`Oldlb¸�adcf`�moe � `b|�ekjËadch`(g�xQ|d`OpradxQe~souk�fshe~x{l�`(x�l|d`Og=wopr`qgTade£adcvuqa�ekjÕadcf`\�ou~p�Ò�y~|de�whsogTshe~x{l�`~��� sÅadcfx�l·ln`tsoln`~¸
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² xQy~wf|d`½Ù,D0´�moukadx�uq�Õprcvuk|�u�p}a�`t|dx{l�a�x�pbl�eqj�adcf` � chx�ad`bshx�shy£¡v��ad`t|n ò �0��cf`¤l�e��Qx�gÅ�Qx�sh`¤lnche � l(adcf`¤p�cvuk|�u�p}a�`t|dx{l�a�x�p0ekj n î pre~|d»|d`Ol�moe~sog�xQsfy@ade@adcf`½g=e�^VxQsouksha(`tx�y~`bs=�kuk�Qwf` E îk����cf`½g=e�adad`Og�Qx�sh`0lnche � l�a�che�ln`0ekj n ò0¸ j±e~|�ôÓì�× ê}ïOïbï}êqp �
adcf` � chx�ad`bshx�shy@¡o�Qa�`t|g� j¾wfsop}a�xQe~sol·u~l·uks9u�ghukmfadx���`0�v`Ouk^V»j±e~|d^V`t| � cfx�p�cT|d`qg�wopr`ql¥adcf`0g=x�|d`qpradx�e~svuq��pre~^Vmve�sh`bsfat�L `b¦�ab¸kadcf`(p}couk|�u~prad`b|dx�lnadx{ptl�ekjËadcf`�¡osouk� Ì�Í�Î�Ï ¡o�Qa�`t| á îÕx�luksouk�Q���t`Og�� ² xQy�wh|d` 	 lncfe � l�a�ch`@lnmvuqadx�uk�Kp}couk|�u~prad`b|dx�lnadx{ptl�ekjadcf` ÌCÍÄÎCÏ ¡v��ad`b| á î ��]�l�pbuks¼�o`Vln`b`tsÅj±|de~^ adcfx�l�¡vy~wf|d`~¸Xulnmvuqadx�uk��she~a�p}cCx�l�j±e~|d^V`Og�x�s½adcf`�g=x�|d`qpradx�e~s\ekj�a�ch`(g�xQ|d`Op}a�xQe~souk�sfe~x�ln` ³�� ^rj½¶��C��chx{l�x{l�a�ch`¤u~gfukmfadxQ�~`Vu�l�mo`Op}a�ekj�a�ch` Ì�Í�ÎCÏ¡o�Qad`b|�g�wh`�ade¤sfe~x{l�` � cfxQad`bsfxQsfyh���cf` Ì�Í�Î�Ï ¡v��ad`b|�cvu~l¥uksfe~adcf`b|�she�x�ln`C|d`Og�wvpradx�e~sGu�l�mo`Op}ab�² e~|Vadcf`zl�uqÒ�`�ekj0l�x�^Vmh��x�prxQad�~¸Õadcf`Gptu~ln`�ekj½´ Í�Î�Ï ¿Ø×=¸ÕÙqÁ�x�lpre~sol�x{g=`b|d`Og¹¡o|�lnat�Ð��cf`9g=`bm�`tsog�`tsopr�Mekj�adcf`G`tx�y~`bsh�~`qprade~|�lpbuksT�v`�pbuk��prwf��ukad`Og£wvlnxQsfy¤adcf`�j¾e��Q�Qe � x�shy\mh|dekÔ�`Op}a�xQe~ssD

t ³ ô ê�u ¶Kì ³ á ûò áwv ¶Fx ³ á ûv á,v ¶ ³ À 	 ¶
� sVadcf`Cpbu~ln`�ekjÄ´ Í�ÎCÏ ¸�l�x�svpr`�adcf`·`bx�y~`ts���`Oprade~|�l�j±e~|�u0cf`t|d^Vx�»adx{uks�^£uqad|dxQ¦@uk|d`Ze�|dadcfe~y~e~souk� ¸fadchx{l(g�`bm�`tsog�`tsoprxQ`Ol���`Op}e�^V`ql

t ³ ô êqu ¶Äìky À ê j¾e~|Hô6ì u^ ê j¾e~|Hô{zì u ÷ ³ À � ¶
² |de~^Hadcfx�l�e~|dadcfe~y~e�svuq�QxQad�~¸ � cf`bs¤e~sf`(ekjvadch`(`bxQy~`bs���`Oprade~|�l�ekj´ Í�ÎCÏ x�l�wol�`OgZu~lÄu(¡v��ad`b|t¸kadcfx�l�¡o�Qad`b|�mou~ldl�`Ol�adcf`�pre~^Vmoe~sf`tsfaekjvadcf`�sfe~x{l�`(�Q��xQsfy�xQsVadcf`·lnwf�vlnmou~pr`·lnmouksfsh`Og\�=�0adcfx�lK`tx�y~`bsh»��`Oprade~|KuksogVptuqsvpr`b��lÄe~wfaKadcf`�she~x{l�`�pre~^Vmoe~sh`bsfaÄxQsVadcf`(e~adcf`b|lnwh�olnmvu�p}`Ol}�?|Èch`bsÅadcf`Csfe~x�ln`0x�l�lnmvuka�x�uk���Q� � cfxQa�`�¸�adchx{l�¡v�Qa�`t||d`Og=wopr`qlZadcf`�mve � `t|\eqjCadcf`@she�x�ln`Å�f�ÇÀ}x p ¸Õ`O�~whx���uk�Q`bs�a\adeadcf`�mË`b|nj±e~|d^£uksop}`½ekj�adcf`£g�`b��uk��»Þuqsvg�»Úl�wf^ �o`quq^\j¾e~|d^V`b|£¿Ø×kÁ¾�|Èch`bs ÌCÍÄÎCÏ x�l\`b^Vmh��e~��`OgË¸Kadcf`Å`bxQy�`tsf��`Oprade~|�l\ekj Ì�Í�ÎCÏuk|d`�sfe~aCsf`qpr`Ol�lduk|dx��Q�¼e�|dadche�y~e~souk� � ² xQy~wf|d` � l�cfe � l�adcf`Vg�`b»mo`tsog�`tsopr��ekj0adcf`z`tx�y~`bs=�~`qprade~|�l}� ² e�|V`t¦=uk^Vmf�Q`~¸�adcf`Gl�e~��x�g�Qx�sh`0xQs ² xQyh� � lnche � l(a�ch`�mf|deOÔd`OpradxQe~s¼ekj á î e~sfade¤uk����`bxQy~`bsf»��`Oprade~|�l}¸vx¾� `~�Q¸ á v ¸Ëj±e~| u ìÓÀ êbï}ïOïbêFp � ² |de~^Óa�chx{l�¡oy~wf|d`�¸�xQapbuksT�Ë`�ln`t`bsÅadcouka�adcf`0`tx�y~`bsh�~`qprade�| á î�^£ukÒ�`ql�e~sf�Q��u¤l�^£uq�Q�pre~s�ad|dxQ�fwha�xQe~s¼ade�a�ch`�adcf`¤l�wf�ol�mou~pr`¤l�mouksfsh`Og¼�=��adcf`Ve�adcf`t|`bxQy~`bs���`Op}a�e~|�l}¸ á v j±e~| u ì × êOïbï}ïOê�p �~o�sÜadcf`�e~adcf`b|�couksog�¸adcf`�e~adcf`t|Ä`bxQy�`tsf��`Oprade~|�l�^£ukÒ~`qlÄu�ln^£uk�Q�op}e�s=a�|�x��hwfadx�e~s\ade�adcf`lnwh�olnmvu�p}`�lnmvuqshsf`Og¤�f� á îO�Õ��cfx�lK^V`Ouksol�a�cvukaÕadcf`C`bsf`t|dy��Vekjadcf`½she~x{l�`¤pre~s�a�ukx�sh`Og¼xQsÜadch`¤lnwf�vlnmou~p}`¤lnmvuqshsf`Og9��� á�v j±e~|u ìÇ× êbïtïbïbêFp x�l¥|d`Og=wopr`qgT��� á îO�
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² xQy~wf|d` 	 D�´�moukadx�uq�Xprcvuk|�u�p}a�`t|dx{l�a�x�pbl�eqj Ì�Í�ÎCÏ ¡o�Qa�`t| á î �

0 2 4 6 8
−60

−50

−40

−30

−20

−10

0

Subspace Number
P

ro
je

ct
io

n 
[d

B
]

² xQy~wf|d` � D Ï `bmo`tsog�`tsopr�Tekj�adcf`0`tx�y~`tsf�k`qprade~|�l}¸ t ³ ô ê�u ¶
� sÜl�wf^V^£uk|d��¸vadcf`¤g=xQ|d`OpradxQe�svuq��she�x�ln`\x{l�¡o|�lnaC|d`Og=wopr`qgÅ�f�adcf` � chx�ad`bshx�shy@mf|de=pr`Ol�l}����cf`bsGa�ch` � cfxQad`bsf`qgÅsfe~x�ln`�x�l¥j¾wf|d»adcf`b|Å|d`qg�wop}`OgÇ�h��adcf`2lnwf�vlnmou~pr`2ln`b�Q`OpradxQe~sHu~lnmo`qpraÅekj½adcf``bxQy~`bs���`Op}a�e~| á îO�

� � è cÕá�«q°��9á=©vª
� s2adcfx�lVl�`OpradxQe�sX¸�a�ch` Ì�Í�ÎCÏ ukmfmf|de�u~prc2x�l\ukmhmf�Qx�`qg2adeGa�ch`lnmv`b`Oprc¤`bsfcvuksopr`t^V`bs�aKmf|de~�f�Q`b^6xQsTu0|d`quq�v`bs=��xQ|de~sf^V`bs=a�uqsvgx�l�`b��uk��wvuqad`qgV��x�u¤]C´�µC�
��ã±§ [ ¬�©X�°�ªO°±¬�©
��cf`.^Vx{p}|de�mhcfe~sf`Çx�shmfwfa � u~liy~`bsh`b|�uka�`qgù�f�_pre~s���e~����xQsfylne~wf|�p}`�lnxQy~souk��l � xQa�cza�ch`0xQ^Vmfwf��ln`C|d`OlnmËe�svln`0^V`qu~lnwf|d`Og�x�sGu^V`Og=x�wh^V»ÚlnxQ�b`Og¤^V`b`badxQsfy�|de=e~^Å�Ä��ch`�|d`b��`b|d�o`t|�uka�xQe~s£adxQ^V`�ekjadcfx�l¥|de�e~^ � u~lP^=� � l}��]·l�lne~wh|�pr`�lnxQy~souk��l}¸���ukmouksf`qln` � e~|�gfl³ ´�ÀO¶·uqsvgiu@^Vwol�x{p\lnxQy�svuk� ³ ´�×�¶ � `b|d`½`t^Vmf�Qek�~`OgË�\]·ghg�xQa�xQ��`�ou~p�Ò�y~|de~wfsog¤sfe~x�ln` � u~lKshe�a¥`b^Vmh��e~��`OgVxQsTadchx{l�`b¦�mv`b|dxQ^V`bsfat�Ã e � `t�~`t|t¸¥adcf`i|d`b��`b|d�f`t|�uqadxQe~s.ekj@´ËÀÜuksvg;´�×���`tcouO�~`qgÇu~le~^VsfxQ»Úg�xQ|d`Op}a�xQe~souk�h�ou~p�Ò�y~|de�whsog\she~x{l�`~����cf`(^Vx�pr|de~mfche�sh`�uk|d»|�uO��wvln`OgGx�s9a�chx{l�`b¦�mo`b|dxQ^V`bsha � u~l·p}x�|�p}wf��uk|Cx�s�lncoukmo` � x�adcW ^Vx�pr|de~mfcfe~sf`ql�uksog � u�l�^Ve�whs�ad`Og@e�sGu�^Ve��hx��Q`0|de~�ve�at�
��ã�ß Y áreq®Xä�ª8e
² xQy~wf|d` � lnche � lva�ch`Õg�xQ|d`Op}a�xQ��x�an��moukada�`t|dsZekj=adcf` Ì�Í�Î�Ï ¡v��ad`b|e~�fa�ukx�sh`OgMxQsÇadcf`Ü`b¦�mo`b|dxQ^V`bshab� ��cf`Üa�uk|dy~`baÅlne~wf|rpr`9´�Àzx�l�Qe�ptuka�`qg\uka ³ ^rj(¸�Àq�)^k^T¶ � cfxQ��`¥a�ch`�sfe~x�ln`(l�e~wf|�pr`·´�×�x{l���e=pbukad`Oguka ³�� ^rj�¸�Àq�)^k^T¶��Å]·lZptuks2�o`Tln`b`bs¹x�s�a�ch`½¡oy~wh|d`~¸Õ]óshe�a�p}cukmfmv`Ouk|�lKxQsTadcf`�g=x�|d`qpradx�e~s@eqjK´�×=�Õ��uq�h��`\À�l�cfe � lÄadcf`·m�e � `b|ekjÕ`qu�p}c¼pre~^Vmoe~sh`bsfa�xQs¼adcf`½xQsfmhwfaZ�Oe�whadmfwfat¸vsfe~|d^£uk��xQ�b`qgÅ�f�



��uk�f�Q`¤À=D Ö e � `b|¥ekj�pre~^Vmoe~sf`tsfa�l�xQsÅadcf`0xQsfmhwfaZ�Oe�whadmfwfa·lnxQy~»souk� ³ x�s¹g Æ ¶���� Ï�� uqsvgH��µ � g=`bsfe~ad`@g�xQ|d`Op}a0l�e�whsogÜuksvg¼|d`b»�o`qpradx�e~s�¸=|d`Ol�mo`Op}a�xQ��`b�Q�~�
�Õe~^Vmoe~sf`ts�a�l � sfmhwfa o�whadmfwfa Ï xÊÝË`b|d`bsvpr`´�À Ï ^=� ^ ^=� ^ �´�× Ï W � � »�À 	 �)^ »Ú×~×=� �´�Àbµ »�À_^=�ØÙ »�À � �ØÙ » � �)^´�×~µ »Ú×=�ØÙ »�À_^=�Ø× » J � ]
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² xQy~wf|d` � D Ï x�|d`qpradx���xQaÞ�iekj Ì�Í�ÎCÏ ¡o�Qad`b|£ukaI^=� � ¸0Àk¸�×9uksog	 Ò Ã �~�
adcf`�mËe � `t|�ekjhadcf`Õg=x�|d`qpra�lne~wfsvg·ekjv´ËÀ ³ ´�À Ï ¶��O]·l�pbuksC�Ë`Õln`b`tsxQsTadcfx�l¥a�uk�f�Q`~¸=a�ch`�g�xQ|d`Op}a�l�e�whsog@eqj¥´�×½x�l¥|d`Og=wopr`Og@�f�£^Ve~|d`adcouks¼×�^¤g Æ ����chx{l(x{l(a�ch`�`rÝË`qpra�ekjÕadcf`0she~x{l�` � cfxQad`bsfxQsfy¤xQsÌ�Í�ÎCÏ �o��ch`0|d`b��`b|d�h`b|�uka�xQe~sÅekj�´�À0uksog¼´=×\x�l·uk��lne¤|d`Og=wopr`qg��� � » W g Æ �o��chx{l�x{l(a�ch`0`rÝË`qpra¥eqjKadcf`0l�wf�ol�mou~pr`�l�`b�Q`OpradxQ��xQad�k�� s·adcf`�]�´=µi`b¦�mo`t|dx�^V`tsfat¸�j¾e~wf|�x�lne~�{ukad`Og � e�|�ghl � `b|d`Ä`b^VxQa�»ad`Og¼j¾|de~^´�Àk�z��ch`@g�wh|�uka�xQe~siekj�`qu~p�c � e~|�g � u~lCukmhmf|de~¦�xQ»^£ukad`b�Q�ÈÀr»Ú×�l}� Ï wf|dxQsfy9adcf`¼`b^Vx�ldlnxQe~s�ekj�adcf`Tj±e~wf| � e~|�gflb¸adcf`�g=x�|d`qpradx�e~sÈeqj\´�À � u~lC¡o¦�`OgË�M]¥j±ad`b|Vadch`Oln`@j¾e~wf| � e~|�gfl� `b|d`Åmf|de=pr`Ol�ln`OgË¸�adcf`Üg�xQ|d`OpradxQe�sÈekj�´�À � u~l\l�`b��`qprad`Og2j¾|de~^X=^ ê Àb×�^ ê À W ^ ê × 	 ^ ê Ù�^�^ [ xQs2adwf|ds�¸Õuksog�a�ch`bs�uksfe~adcf`t|Vln`ba\ekjj±e~wh| � e�|�ghl � u~lZ`b^VxQadad`Og�����cfx�lV`b^Vx�ldl�x�e~s�eqjCj±e~wf| � e~|�ghl� u~l�|d`bmË`Oukad`Og 	f] ×½a�xQ^V`Olb� Ï wh|dx�shy¤a�ch`Oln` 	�] ×@ln`qldlnxQe~sol}¸hadcf`Ì�Í�ÎCÏ ¡o�Qad`b| � u~l·�o`tx�shyÅwhm�gfukad`OgË�T��chwol}¸X`bs=��xQ|de~sf^V`bs=a�uk�p�cvuqshy~` � xQa�c9`b��`t|d�@j¾e~wf| � e~|�gfl � u~l·l�x�^Vwh��uqad`OgË� ² xQy~wf|d` Jlnche � l�a�ch`�]C´�µMl�pre~|d`�j¾e�|�`qu~p�cVekjËadch`(j±e~wf| � e~|�ghl}� ² e�|Äadch`ldukÒ�`¤ekj�p}e�^Vmvuk|dx{l�e�sX¸Kadcf`Å]�´=µ6ldp}e~|d`¤j±e~| Æ ´f´�¿ØÙkÁ�x{l\uk��lnelnche � sX�Ü]·l\ptuks2�o`Åln`b`bs¹j±|de~^ adcfx�lC¡oy~wh|d`~¸�a�ch`�ldp}e�|d`Tj±e~|Ì�Í�ÎCÏ |d`Ou~prch`Og£u½lnad`Ou~g��Tlna�ukad`0uka�a�ch`0ln`Op}e~sog � e~|�g � chx��Q`adcoukaVeqj Æ ´h´2|d`Ou~p}cf`Og¹x�a�lV^£uk¦�x�^Vwh^�uka¤adcf`¼a�chx�|�g � e~|�g��² |de~^6adcfx�l}¸=a�ch`�pre~sf��`b|dy~`bsvpr`�ekj Ì�Í�Î�Ï ptuksÅ�o`�l�`b`bsza�e½�Ë`j u~l�a�`t|�a�cvuksÅadcouka¥eqj Æ ´h´o�h](��lne½adcf`Cm�`b|nj¾e�|�^£uqsvpr`�x�l�chx�y~cf`t|j±e~| Ì�Í�ÎCÏ �
� [ ¬�©X¯�ä ®seO°Â¬Ë©�çv©X���°�et¯�®�e}et°±¬�©
� s2adcfx�lZmvukm�`b|t¸ÕuG^V`badcfe=g2ekjClnmo`b`qprci`tsfcouksop}`b^V`bsha�wvlnxQsfyu@^Vx�pr|de~mfcfe~sf`£uk|d|�uq�¼uksog9a�ch`½y~`bsf`t|�uq�QxQ�b`OgG`bxQy�`tsf��uk��wh`¤g�`b»
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