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Z.%�' � k RXSTYZ_�VßSTfþü�_�fX_�CPAOY�V?K�FIC�Ch_�HE_�A�ChQPRlQ�KMÿo_�CPH5ûÅKOihRAOYTiE_�ChfIAOiESZÿ�_�H<L<_&K�fXYZeæù¶K`Q�FµHNK�f�iERX_�HE_�Q�K�fI^ AOøXøICEK{A�QPRéRI_�Ch_ ���ChChAae4øIA�^I^`STfIü×iE_�QPRXfXSl�{FX_�H�ù¶K�C`n<� A�CECPAae`HãijeGøXSZQ�AOYZYTe _�fXY[AOChü�_*ihRX_l^XSTúã_�fµH�SZK�fIH
Q�K�ChCh_�HEøµKofI^`SZfXüBihKÛihRX_�YT_�A�^`SZfXülSTfµ^`_�9ÙA�fI^ iEKÛiERX_*úãS[^X^`YZ_ SZfI^`_A9 �8� ùciERI_ øICEKoü�CPAOú2]ú SZfXü�Y[AOfXüoFIAOüo_ H�ihA�fI^XAOCP^BøICE_�HEQ�CESZûµ_�HtKGC\HV�T@2�ô@�F«õAC.EèC.E � ?AE�MN�âö�� _ � ü � V?STfÛiERI_æQ�A�HE_ KOù���\�d�\��cb,%<%<��iERI_�A�øXøXYZSZQ�AMiESZK�frK�ù®AOChCPAae	øIAo^X^`SZfXü	YZKGK�D`H:AoH�ù¶KoYTYZKML�H � dNRX_5A�CECPAae"^X_�Q�]YZA�ChAOiESZK�fª÷Tø<ù�ú®ûXü¥ý�þ^üDÿ������\ø��ëù��	��
�������������"S[H&CE_�øXY[A�Q�_�^ýûGeýiERX_æA�CECPAae*^`_�Q�YZA�ChAOiESZK�f
÷�ø<ù�ú®ûâüóý�þ^üDÿ������\ø��¥ù�����
��Xý��X÷
�������Xý��â÷����������{VßL�RI_�Ch_`ý��â÷
BA�fI^óý��X÷�� AOCh_BH�FXSTi�]
AOûXYZe×QPRXKoHE_�f øIA�^X^XSTfXüþQ�KofIH�ihAOf{iPH � ý��â÷�
�S[H STf{iEChK`^`FIQ�_�^ØihKlAaÿoK�S[^×Q�KofTÆIS[Q+iPH"ûÅ_�ijL<_�_�fAOChChAaeþ_�YZ_�úã_�foiPH YTK`Q�AOiE_�^ SZf ihRX_BHhAOúã_�øIYZA�fX_�V�L�RX_�CE_�A�H	iERX_*øIFXCEøÅKoHE_ KOù¤ý��â÷��ÛSZH ihK
_�YZSTúãSZfIAMih_�Q�K�f^ÆISZQ�ihHNûÅ_�ijL<_�_�f fI_�SZü�RGûµKoCESZfXü _�YZ_�úã_�f{iPHNSTf*A�^���A�Q�_�f{iNøIYZA�fX_�H �
� fÖQ�K�f{iECPA�H�i�V�L<_*øXChK�øÅKoHE_*AþfXK�f�!`HjiPAOfI^IAOCP^ øIAo^X^`SZfXü×AOøIøXCEK{A�QPR ù¶K�CènX�èAOChCPAaeGH�VL�RXSZQPRÖS[HæQPRIA�ChAoQ+iE_�CESJY�_�^×ûGe YZ_�HhHrúã_�úãKoCEe×KMÿo_�ChRX_�Ao^ØihRIAOf4iERI_ýHjiPAOfI^IAOCP^ KofX_ � �5FICiE_�QPRIfXSJ�{FX_5STf{ihCEK`^`FIQ�_�H3A1CE_�YZAOiESZÿ�_�YTe H�úrAOYZYÅf{FIú	ûÅ_�C:K�ù"MN�D=�?�E�ä�B�HUF\��?3øIAo^X^`SZfXü�_�YZ_�úã_�foiPH �



dNRXSZH fGFXú"ûµ_�C"S[H fXKOiãfX_�Q�_�HhHEA�CESZYZelAÛú	FXYTiESZøXYZ_�K�ù�iERI_è	ICPH�iãA�CECPAaeÛ^`SZúã_�fIHESZK�f�V�L�RXS[QPR
K�ûGÿGSTKoFIH�YZeãSZH�A�YTLNAae`H�ihCEFI_5ù¶KoC<iERX_1Q�KofIHE_�ChÿaAOiESZÿ�_5øIA�^X^XSTfXürA�øXøXChKoA�QPRrøICE_�H�_�foih_�^�STf�iERI_
øXCE_�Q�_�_�^`SZfXüã_�9XAOúãøXYZ_ �
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®SZü�FICE_ r SZYTYZFIH�iECPAMih_�H�RIKMLâijL<KæA�^!��AoQ�_�foi5øXYZA�fX_�H�KOù�A�n<� AOChChAaeéA�CE_1úrA�øXøµ_�^�STf{ihK
iERX_<A�^X^`Ch_�HhH�HEøIA�Q�_:A�H®H�KGKof�A�H�KoFXC�fXKof�!GH�ihA�fI^XA�Ch^�SZfoih_�C�!{øXY[AOfI_�øIA�^I^`STfIü�SZHßSTf{ihCEK`^`FIQ�_�^ �dNRX_�H�RµA�^`_�^�A�CE_�A�H<CE_�øXCh_�HE_�f{i3ihRX_1øIAo^X^`SZfXü �dNRX_NøXFXChøµK{H�_<KOùÅSTf{iE_�C«!GøXY[AOfX_<øIA�^I^`STfIü5S[H;iEK1Aaÿ�KoSZ^	Q�A�QPRI_<Q�K�fTÆIS[Q+iPH�ûµ_�ijL3_�_�f fX_�SZü�R^]
ûµKoCESZfXü�_�YT_�ú _�f{ihH®YTK`Q�AOiE_�^&STf	Ao^!��A�Q�_�f{i®øIYZA�fX_�H � �c_�fIQ�_�V�iERX_3FIH�_3KOùXSZf{iE_�C�!{øIYZA�fX_�øIA�^I^`STfIüQ�K�ChCh_�HEøµKofI^XH�ihK iERX_ STf{ihCEK`^`FIQ�iESZK�fÛKOù:ihRX_ãQ�K�fµHjiPAOf{i�ý��â÷���STfýiERX_ãøXCh_�ÿGSZK�FIH5_�9XAOúãøXYZ_ ��5FXC3_A9`øµ_�CESZúã_�f{ihH3CE_�ÿ�_�AOYµHESZú SZY[AOC<øµ_�C�ù¶KoCEúrAOfµQ�_�ü{AOSZfIH�ù¶KoC3ûÅKOihRéøIAo^X^`SZfXü"A�øXøXChKoAoQPRX_�H �

" �> ;ñT $# ö?ö��i�â�¥Îô�cñX÷�� ÷«Ï� ;ñX÷jó:ð��

��SZD�_r^XAMiPA�YZAaeoK�F`i&K�øXiESZú SJY�AOiESZK�fIH�Vß^XAOihA�A�Q�Q�_�HEH&Koø`iESZúãSUY�AMiESZK�fµH1AOY[H�K�SZfIQ�Ch_�AoH�_"iERX_éYTK<]
Q�AOYZSTijeÛûÅ_�RIAaÿGSZK�C1K�ù�iERX_éQ�K`^`_ � dNRX_�Q�K�Ch_rSZ^`_�A�SZH	iERµAMi�V®ûGeÛCh_�^`FµQ�SZfXü*iERI_æfGFXú	ûÅ_�C"KOù^XAMiPArA�Q�Q�_�HhH�_�HNûµ_�ijL3_�_�f ijL<KæH�FXûµH�_��oFI_�f{i�CE_�ù¶_�Ch_�fIQ�_�HNihKãiERX_"HEA�ú _1úã_�ú KoCEe�YTK`Q�AMiESZK�fßV
iERX_�^XAOihA S[H�úãK�Ch_5YZSTDo_�YZeriEKæH�iESZYZY�CE_�H�S[^`_&SZf�Q�A�QPRX_�K�C�_�ÿ�_�f�SZf*Arg��3W CE_�ü�S[Hjih_�C �kÛ_�RIAaÿ�_&HERXKML�féSZfª#UZ�q.'ÅihRIAMi�SZf r ��iERX_&úãKoH�i3ihSTúã_�!GQ�KofIHEFXúãSTfXü øIA�C�iNKOù�A	ú"FXY�ihS
]
ü�ChSZ^rQ�KG^X_cS[H�ihRX_5HEúãK{K�iERX_�C � dNRXS[H:S[H3A�YZHEK1ihCEFX_cSTfon<� � �:CEK<	IYTSZfXü1_A9GøÅ_�ChSZú _�f{ihH<Q�K�f^	ICEúiERIAOi�V�SZfÖiERX_BQ�A�HE_�KOù�A&%*� r V r � ú	FXYTiESZü�ChS[^4Q�e`Q�YZ_BAOfI^Ùù¶K�CæA�YTYcøXCEKoûXYZ_�ú HESJY�_�HãFIfI^`_�C
Q�K�fµH�S[^`_�CPAMihSTKof�V®iERX_�Ch_�Y[A.9XAMihSTKof×Q�K�fµH�FXúã_�H"úãKoCE_éiERIA�f>%<q�'èKOù5iERX_�iEK�ihAOYN_A9G_�Q�F`ihSTKof
iESZú _ � dNRI_�ù¶K�YZYZKML�STfXüéK�ø`ihSTúãSJY�AMihSTKofIH�ihRGFIH5Ao^X^`Ch_�HhH�ihRX_	SZúãøXYT_�úã_�f{ihAOiESZK�fBK�ù�iERX_"CE_�^â!ûXYZAoQPD`¬&A�FIHhH�!^�G_�S[^`_�Y;AOYZü�KoCESTiERXú �®� i5S[HcSZúãøµKoC�iPAOf{icihKéøÅK�SZfoi�K�F`i5iERIAOi5KoFXC�ih_�QPRXfXSl�{FX_�HK�ø`ihSTúãSJY�_ãiERI_æK�CP^`_�C1K�ùN^IAMihA*AoQ�Q�_�HhH�_�H�V?L�RXSZYZ_ãiERX_æfGFXú"ûµ_�CESZfXü�KOùNihRX_rFXfXDGfXKML�fIH�CE_A]
úãA�STfµH5FIfIQPRIAOfIü�_�^ � g3KofIHE_5�{FX_�f{ihYTeoVIihRX_rQ�K�fGÿo_�Chü�_�fµQ�_�ûÅ_�RIAaÿGSZK�C�KOù3iERX_ úã_�iERIKG^l^`KG_�HfXKOicQPRIA�fXü�_&AOfµ^éKoFXC�K�ø`ihSTúãSJY�_�^ Q�K`^`_�HNeGSZ_�Y[^�S[^`_�foihSZQ�AOY?fGFXúã_�ChS[Q�AOY?Ch_�HEFXYTihH �



�GSTfµQ�_*K�FICx¬&AOFIHhH«!T�G_�SZ^`_�Y�H�úãKGKOihRX_�CéSZHrûµA�HE_�^4K�f AþCh_�^®MûXY[A�QPDØK�CP^`_�CESZfXüþKOù&iERI_
FXfXDGfXKML�fIH AOfI^ STúãøXYZ_�úã_�foiPHãA$%5!GøµKoSTf{iãHjih_�fIQ�STY�V;iERX_ CE_�^×fXK`^`_�H"Q�AOfÙûµ_ CE_�YZA\9`_�^ØSZf
AOfGeæK�CP^`_�C � dNRXS[H�S[H�AOY[H�K ihCEFX_&ù¶KoCNiERX_	ûXYZAoQPDæfXK`^`_�H � dNRISZHNúã_�A�fIHNihRIAMi�VXSTf�øIA�C�ihSZQ�FXY[AOC�ViERX_æKoCh^X_�C1KOù�_�A�QPRþYTKGKoølfI_�H�i	Q�AOfØûÅ_éQPRIA�fXü�_�^ýL�STiERIK�F`i	SZfTÆIFI_�fIQ�STfXüBiERX_æfGFXúã_�CES[Q�A�Y
CE_�H�FXYTihH � IK�C�K�FXC HjiPAOfI^XA�Ch^4SZúãøXYT_�úã_�f{ihAOiESZK�f L<_BFIHE_*iERI_ýúãKoH�i Q�A�QPRX_�!GAaLNAOCh_éYZK{KoøK�CP^`_�C�;XihRX_"SZfXfX_�CEúãK{Hji&YTKGKoøýA�Q�Q�_�HhHE_�H�ihRX_ãAOChChAae�KOù�ihRX_"FIfXDGfXKML�fIH5L�S�ihRýFXfXSTi1HjihCES[^`_ �dNRX_�øÅ_�CEù¶K�ChúãA�fIQ�_�K�ù?K�FXC<HjiPAOfI^XA�Ch^ãQ�KG^X_�SZH:CE_�YZAOiESZÿ�_�YTe"ü�KGK`^	ù¶KoC3HEúrAOYZYIøXChK�ûXYZ_�úrH�VOûXF`i
^`_�Q�CE_�A�HE_�H<_�fXKoCEúãKoFIH�YZeæA�H�HEKGK�f�A�H<ihRX_1øXChK�ûXYZ_�úÚHESJY�_&_�9XQ�_�_�^XH<ihRX_�Q�AoQPRX_1Q�A�øIA�Q�S�ije �

i−3

i−2

i−1

i
b)

relax black points

relax red points

the second time

the second time

red point relaxed once

black point relaxed once red point relaxed twice

black point relaxed twixe

a)

Iterations

1−Way
Blocked

Fused Loops

i

i−1

relax black points for

relax red points for

points to relax2

2

2
2

2
2 2

2
2

2

2
2

2
2

2

2

2

2
2

c"dJe Ò)(IÒ ��� � yov�s+�ãz��M��Ôov+*`wjt{s�ujs+�ãÔ`�����MwN���rÔozT���{s-,����{�r��|Twjshu�Õ���u��ov<wjtosc oz������ãÔ`�����Mw< `shz��+Õ
����Ôoz����{s.,�/Ø����ujs&ujsPz�����s+��wj����shwjtoshu+à  G��¾;z��M�E��s+� ��wjshu���wj�����{v+*Åw�Õ��ã oz��M�E�asP����wjshu���wj�����{v5��ujs
��z�z�y{vxw�u���wjs+�I¡oujs+� ���G�  ozT���E��Ô`�����Mwjv����r�o�&kXshujsh�Ow�Ôoz����{shv3��ujs�y{ÔX�o��wjs+�	���"���os�vxwjsPÔµà

��fIA�YTKoü�K�FµH�YZe1iEK	iERX_ r ��Q�A�HE_�VoK�FXCI	ICPHji:Koø`iESZúãSUY�AMihSTKofæSZH�iEK Aaÿ�K�S[^"iERX_cijL3K&ihChAaÿo_�C_]
HEA�YZH�K�ùµihRX_�^XAMiPA1H�_�i�� K�fX_Nù¶KoC�iERX_�Ch_�^ fXK`^`_�H�AOfµ^"A1HE_�Q�K�fI^"K�fX_Nù¶KoC�iERX_�ûIYZAoQPD�fXK`^`_�H
��û{e10L��Q�MN��ö�iERX_�ijL<K"YZKGK�øIH<SZf{iEKãA HESZfXü�YZ_5KofX_ � dNRXS[H�Q�A�f�ûÅ_1^`K�fI_5ûGeæCh_�Y[A.9`SZfXü"A"CE_�^øµKoSTf{i	AOfµ^ýSZúãú _�^`S[AMiE_�YTelAMù�ih_�ChL<A�Ch^XH5ihRX_rûXY[A�QPDBøÅK�SZf{i�ûµ_�YTKML1V�HE_�_�;SZü�FXCh_tn�A ��� ù<iERI_Q�A�QPRI_NQ�AOfãRXKoYZ^"ù¶K�FIC�Q�K�úãøXYZ_�ih_�øXY[AOfX_�H�KOùÅiERX_�^IAMihAIV�AOYZYIHEFXûIHE_5�{FX_�foi:AoQ�Q�_�HhH�_�H;Q�AOfãfXKML
ûµ_�HhAMihSZH�	I_�^éù¶ChK�ú STi � g<AOCh_5RIAoH<iEKrûÅ_&ihA�D�_�f�AMiNihRX_1FXøXøÅ_�CcA�fI^�YTKML<_�CNûÅK�FXfI^IAOChST_�H �dNRX_NSZ^`_�AcK�ùµCh_�^`FµQ�SZfXücihRX_�fGFXú	ûÅ_�C�K�ùIiECPAaÿ�_�ChHhAOY[H�K�ùIihRX_�^XAMiPA�HE_�i�Q�AOf	ûÅ_�_�9Gih_�fI^`_�^
û{eëå�HUC�K+2.MN��öãiERI_rS�ih_�CPAMiESZK�flYZK{Koø�V�HE_�_�;STüoFXCh_2n�û � � Ch_�^ÛøµKoSTf{i	AOfµ^ýSTihH1ûIYZAoQPDBfX_�SZü�R^]ûµKoCESZfXüéøÅK�SZf{i�A�CE_�Ch_�Y[A.9`_�^*STfýøXYZA�fX_�H43�AOfI^5376>ZoVµCh_�HEøÅ_�Q+ihSTÿo_�YZe � ��ù�iE_�C�iERIAOi�VÅiERX_"CE_�^øµKoSTf{iNûµ_�YTKML SZféøIYZA�fX_43�6 r Q�AOf�ûµ_�Ch_�Y[A.9`_�^ãù¶KoC<iERX_&H�_�Q�KofI^rihSTúã_�VGYZSTDo_�L�S[H�_ciERX_&ûXY[A�QPD
øµKoSTf{i&STfÛøXYZA�fX_8376·n �®� ù3ijL3K�S�ih_�CPAMihSTKofIHcA�CE_"ûXYTK`QPDo_�^�ihRX_"Ch_�Y[A.9XAOiESZK�f*L�SZYTY;iERI_�fþQ�K�f^]iESZf{FI_�L�S�ihRãiERX_cfX_�9Gi:Ch_�^ øÅK�SZfoi3STfrøXY[AOfI_93 � kÛ_cFIH�_�iERX_�ih_�Chú;:\ä<æIF.OtåAHUC5K+2\MN�âö�iEK�Ch_�ù¶_�C
iEK�iERISZH�iE_�QPRIfXSJ�{FX_�H�SZfIQ�_rSTi	SZfGÿ�K�YZÿ�_�H�K�fX_rYZKGK�ø>��ihRX_æSTiE_�CPAMihSTKofþYTKGK�ø���iEK*ûÅ_æûXYZK`QPD�_�^ �b�KOih_�iERIAOi�V`ù¶KoC9<èSTiE_�ChAOiESZK�fIH<SZféihRX_�HjiPAOfI^IAOCP^æCh_�^â!GûXYZAoQPDè¬&AOFIHhH«!T�G_�SZ^`_�Y ÿ�_�CPHESTKof�V r <
H�L<_�_�øIH&AOCh_"fX_�Q�_�HEHhAOChe � º<eBûXYZKGQPDGSZfXü�iERX_ãSTiE_�CPAMihSTKofIH�YTKGKoøÛûGe5=×V?KofXYZe5<?> = HEL<_�_�øµH



CE_�úãA�STf �}� fþK�CP^`_�C&ihRIAMi�ihRXS[H&iE_�QPRXfXSl�oFI_æL3KoCED`H�_�7æQ�ST_�foihYTeoV�ihRX_æQ�AoQPRX_rfX_�_�^XH&ihK*RXK�Y[^r =A@ r Ao^!��A�Q�_�f{i�øXY[AOfX_�H ���øXøIA�CE_�f{iEYZe�V iERISZH	SZH1fIKOi�øÅKoHhH�SZûXYZ_ãù¶K�C�Y[AOChü�_�C�øICEKoûXYT_�ú HESUY�_�H � kÛ_æiERX_�CE_�ù¶K�Ch_ øICEK<]øµK{H�_ãihKBøIAOCEiESTiESZK�flihRX_æSZfI^`SZÿ{S[^`FIA�Y�øXY[AOfX_�H1SZfoihKBCh_�Q+iPAOfXüoFXY[AOC�iESZYT_�H	A�fI^ÛiEKBAOøIøXYTeÛiERI_
øXCE_�ÿGSTKoFIH�YZeã_�9`øXY[AOSZfX_�^éiE_�QPRXfXSl�{FX_&STf�A	øIYZA�fX_�!GL�SZHE_cúrAOfIfX_�C �T� ùßihRX_�iESZYT_1HESUY�_2�CB-D�EFBHG��
SZH1QPRXK{H�_�flHEFXSTihA�ûXYTeoV�A�H�FT7æQ�ST_�foi1fGFXú"ûµ_�C1KOù:ihSTYZ_�H	Q�AOfÛûµ_rDo_�ø`i1SZfØQ�A�QPRI_ � �GSZfIQ�_ãihRXSZHiE_�QPRIfXSJ�{FX_	CE_��oFISTCh_�H�iERXCh_�_�YZKGK�øIH�iEKéûÅ_	ûIYTK`QPD�_�^¸��iERI_	STiE_�CPAMihSTKofIH�YZKGK�øBA�fI^ ijL3KéYTKGK�øµH
AOYZK�fXüéA�CECPAaeé^`SZúã_�fIHESZK�fIHL�+VÅL3_ Q�A�YTY®iERXS[H�AOøXøXChKoAoQPR*A5I\äXæIF.O�å�HJC5K+2.MN��ö`=�?GKLð��®MSã��D? � XKoCiERX_æH�iE_�fIQ�SZY�^`_�HhQ�ChSZûµ_�^ýSZf¸�`_�Q+ihSTKof r ihRXSZH&L<K�FIYZ^ÛCE_��{FXSTCh_"iERIAOi�CEKoFXü�RXYZe iERX_æ^IAMihA�ù¶KoC
�JB-D4@ r �LK��CBHG?@ r �LK�� r =M@ r �3øÅK�SZfoiPH�	Xi�SZf*Q�A�QPRI_ �
� f,;SZü�FXCh_8a�L<_�øXCE_�H�_�f{i?iERX_�@���������5ChAOiE_�H iERIAOi�K�FXCin<�Øú"FXY�ihSTüoCES[^&Q�K`^`_�H�A�QPRXSZ_�ÿo_K�f*ijL<Ké^`SU�Å_�CE_�f{i�AOCPQPRXSTiE_�Q+iEFICE_�HFN � 6:HEøµ_�Q�S[AOYZYTe�ù¶K�CciERX_ Y[AOChü�_�CcøXCEKoûXYZ_�úrH�VIiERX_ AOøXøIYTS[Q�A\]iESZK�f×K�ù�K�FXC	iE_�QPRIfXSJ�{FX_�H	A�YTúãKoH�i ^XK�FXûXYZ_�H�iERX_�øµ_�C�ù¶KoCEúrA�fIQ�_æK�ù�iERX_�ú	FXYTiESZü�ChS[^ØQ�K`^`_�H
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