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1. INTRODUCTION��FJPcLSK¤NQFJKgq/PSM[PcT=I�T=eÏYHbHPcv}YHPZNQT=YHM�`�T=IHIHK_`_NQPSqhPZN���PcM)v}YHPS`iÑ/LS��b�K]{`�T=RtPcIJd:G(\QKnG=LSPZN���VhYHK¤PSI�LÒG;\QdaKgmHG�\[N�NQT"NQFHKu\iG�mHPcV�VJK�qrK_LcT=mHRtK�I}NG=IHV�VJK�mJLcTn�hRtK�I}NzT=e�j�PS\QK_LcK_M[M)IJK_N�j#T=\QÑ/M�s/R�G=I}�:PcRtm�T�\[NiG=I}N�`iFWG�LZ{LSK�IHd=K�M¦\QK�R�G�PSIyoÏÓ/NiG�NQKkT=e/NQFJKzG;\[N¦j�PZ\QK�LSK�M[M8VhK�q/Pc`_K�MÏG;\QKzT=mJNQPSRtPS��KnVefT�\8VJK�G=LSPSIHd�j�PSNQFlG�efK_j�LcTnj�bHG=IHVhj�PcVhNQF(YHM[K]\QM¦PSI:G�\QK�LcG;NQPcqaK�LZ�(YHIJ{TabJMON[\QYH`_NQK�V,K�I/q/PZ\QTaIJRtK�I}Nno¤��FJK�I^R�G=I}��YJM[K_\QMBG�N[NQK_RtmJN¤NQT�G=`]{`�K�M[MzNQFHK�IHK_N�j�T�\QÑtG�N#TaIH`_Kas}T=\#j�FHK�I�NQFJK_\QKuPSMzM[Pcd=IHPZ�W`�G=I}N�VhPcMONQT�\[{NQPSTaIlVJYJKkNQT)R:YJLSNQPSmJLcK�N[\iG�IHM[RtPSM[M[PSTaI:mHG�NQFJM�s�NQFJK�M[KkMO�JMONQK_RtM¦K�PZNQFHK]\M[LSTnj�NQT¤G�`_\iG�j�L}T=\�K_qrK�I(M[PSRtmHLZ�B`�KnG�M[KzNQT�efYJIH`_NQPSTaI�ªZ¢;Ôn»�o � �JG=`�K]\[{bWG;NQPSIHduNQFJK�M[K#mh\QTabJLcK_RtMÏPSMÏNQFHKzefG=`_N8NQFHG�N�YJM[K_\QM�VJK_R�G=IWVBIJT=N8TaIJLZ�RtT=\QKtK]�hNQK_IHM[PSqrKt`�T=IHIHK_`_NQPSqhPZN��}s¦bJYJNlG=LSM[T~PSIH`_\QK�G=M[KnV�bHG=IWV/j�PcVhNQFG=IHVÕGaVJVJPZNQPSTaIHG=L¤ewKnG�NQYh\QK�M�M[YJ`]FXG�M�m�T=M[PZNQPcT=I�PSIJefT�\QR�G�NQPSTaI�o��¦TGaVJVh\QK�M[MkNQFHK�M[K�mh\QTabHLSK�RtM�saPSI/NQK_LcLSPSdaK_I/Nzj�PZ\QK�LSK�M[M�MO�hMONQK�RtMkR:YHMONkb�KVJK_qrK�LSTam�KnV5NQFHG�Nu`nG=I^RtPZNQPSdrG;NQK:G�IWV�K�qrK_I~K_�hmHLSTaPZN)NQFHK(K_�hPSMONQK�IH`�K
T=e8RlYHLZNQPSmHLSKuN[\iG�IHM[RtPSM[M[PSTaI~mHG�NQFHM�o��e�s�efT�\:K_�JG�RtmHLSKas8G�YJM[K_\:PSM(N[\[�hPcIJd�NQT~`�TaIJIHK�`]N"NQT^G�I�G=`�`_K�M[Mm�TaPSI}N�LST}`nG�NQK�V�PcI5G=I�T��t`�K(VhT;j�I�NQFHKgFHG=LSL�sHNQFJK_\QK¤j�PSLSLyN��hmJPc`�G=LSLZ�b�K(R�G=I}��N[\iG=IHM[RtPSM[M[PSTaI^mHG�NQFHM�sWPcIJ`�LSYWVhPcIJd�G�FJPSdaFHLZ��G�N[NQK�I/YWG;NQKnVVJPZ\QK�`]NgmWG;NQF~G=IHV�T=NQFJK_\gRlYHLZNQPSmHLSK_{|\QK_ÖWK_`_NQPSTaI�mHG�NQFHM�o)Í)M[M[T}`�PcG�NQKnVj�PZNQF�KnG=`iFXmWG;NQFÕPSM�G�VJK_LÒG��ÕG=IWV�G;N[NQK�I/YWG;NQPcT=IysuG=IHV�NQF/YHMtNQFHK
\QK�`�K_PcqaKnV�M[PSdaIWG�L�PSMu`�T�\[\QYHmhNQKnV~VJYJK(NQT�VhK�MON[\QYH`]NQPcqaK"PSI}NQK_\[ewK_\QK�IH`_Kao
× T�NgT=IHLZ�,VJT}K�M¤YHIHRtPZNQPSdrG;NQKnV~R:YJLSNQPSmHG�NQF~PSI}NQK_\[efK_\QK_IH`�K"\QK�M[YHLZNBPSIVJK_`_\QKnG=M[K�VÕVHG;NiGØ\iG�NQKas�bJYJNtT�NQFHK_\�G�mHmHLSPS`nG;NQPcT=IHM�M[YH`iFÕG�M�G�`�`�Yh{\iG�NQKg\iG=VJPSTaLST}`nG;NQPSTaI~b�K�`�T=RtKBG=LSRtT=MON�PcRtm�T=M[M[PSbHLSKaokÙ¤G��hLSK�PSdaF5efGaV/{PSIHd(ªZ¢nÚ;»hVJYHK8NQT�R:YJLSNQPSmHG�NQFgmh\QTamWG�drG;NQPcT=I"j�PSLSL}`nG�YHM[Kk`nG�NiG�MON[\QTamHFJPS`e�G�PSLcYh\QKtPSI,\QK�`_K�PSqrKnVØM[PSd=IWG=LkMON[\QK�IJd=NQFJ{�bHG=M[KnV~\iGaVhPcT=LST}`nG�NQPSTaI�o��HT�\G=`_`�YJ\iG;NQK�\iGaVhPSTaLST}`nG�NQPST=Iys#NQPSRtK_{�T�ew{�G�\[\QPSq=G=Lg�|��Û)Íg��{�bWG�M[KnV�RtK_NQFJ{T/VJM�G�\QK5RlYH`iF�RtT=\QK�mJ\QT=RtPcM[PSIJdJs�bJYJN:G=`�`_YJ\iG�NQK5K�MONQPSR�G�NQPSTaI�T=eNQFHK"VhPS\QK_`_NgmHG�NQF^G�\[\QPSq=G=L¦NQPSRtKBPSMu\QK�v/YJPZ\QKnV�ªZ¢n©�»|o¤��F/YHM�s�K_��`�PSK�I}NPSRtmHLSK�RtK�I}NiG;NQPcT=I�T�e)G=I�G�Lcd=T=\QPZNQFHR�ewT=\:G=`�`�Yh\iG�NQK�K�MONQPSR�G�NQPST=I�T=eVh�hIHG=RtPS`5RlYHLZNQPSmWG�NQF�`iFWG�IHIHK_LcMtPSMt\QKnv}YHPZ\QKnV�oX½¤PSqrK�I�K�MONQPSR�G�NQK_MT=e#NQFHK�`iFWG�IHIHK_LkmHG�\iG�RtK_NQK_\QM�sÏM[PSd=IWG=Lz`�T=\[\QYJmJNQPSTaI�VJYHK"NQT�R:YJLZNQPS{
mWG;NQF�mJ\QT=mWG�drG�NQPST=It`nG=I�b�K�K�G=M[PSLZ�:\QK�qrK]\QM[KnV�srG=IWV"NQFHK�M[PSdaIHG=LSM�VhYHKNQT�RlYHLZNQPSmHLSKgmWG;NQFHM�`nG�I�b�KB`�TaRlbHPSIHK�V�`�T=FHK_\QK�I}NQLZ��efT=\uPSIH`_\QK�G=M[KnVIHT=PSM[K:PSRtR:YJIHPZN��}sh\QK�M[PSMONiG=IJ`�KlNQT�M[PSdaIHG=L8LSTaM[MBVhYHK(NQT�M[FHGaVhT;j�PSIJdJsG=IHV~T�qaK_\iG=LSL8PSRtmJ\QT;qrK�RtK�I}NQM�PSI�VJG�NiGt\iG�NQK:G=IWV~bJPSN]Ünew\iG�RtK:K_\[\QT�\\iG�NQK_M�o
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mJ\QK_M[K�I}N8GumHG�\iG=RtK]NQK_\QPS��KnV"VJK�M[PSdaI"efT�\kGuM[R�G=LSL�s=FHPSdaF(NQFJ\QT=YHdaFJmHYhNns`iFWG=IJIHK�L/K�MONQPSR�G;NQPcT=I�K�IJdaPSIHK�NQFHG�N8`nG�I�K_��K�`_NQPSqrK_LS�"FHG=IWVhLSK�G¤LcG�\Qd=K
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2. MATCHING PURSUIT ALGORITHM
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G"s�PSMumJ\QK_{�`�T=RtmHYJNQK�V5TaIJ`�K"ewT=\gG=LSLÏNQPSRtKlG�IWV�MONQT�\QKnV~PcIRtK_RtT=\[�}o���FJKgMONQT=\iG�daKgT�etG�G=IHVZotPSI�RtK�RtT=\[�t`_T=\[\QK�M[m�T=IWVJM�NQTNQFJKlT=IHLZ�~PSIH`]\QKnG=M[K�PSI^RtK�RtT�\[�5\QKnv}YHPZ\QK�RtK_I/NQM�efT�\gNQFHK(\QK_ewT=\QR:Yh{LcG;NQPcT=I5T�eyNQFJK¤����G�Lcd=T=\QPZNQFHR�ok��FJK¤PSIH`]\QKnG=M[KuPcM#PcIJM[PSdaIHPZ�H`nG=I}N�ewT=\LcG;\QdaK��9�fN[\iG�PcIJPSIHd�M[Knv}YJK�IH`�KBLSK�IJd=NQFW�]oÍ�ewNQK_\(K�G=`iF�R:YJLZNQPcmHG�NQF,M[YH`�`_K�M[M[PSqrK�PSI}NQK_\[efK_\QK_IH`�Kt`nG�IH`�K_LcLcG;NQPcT=IMONiG�daKasLW i PSMuYJm�VHG�NQK�V�G;N)NQFJKBMONiG�\[N)T=e¦NQFHKgIJK_�/N�MONiG=daKultG=M

W iFv W i ���zë /íSdfe@w3x�G�dfe@w3xré ��âr�
Ó/PSIH`�K�NQFJKtK�MONQPSR�G�NQPSTaI�T�e /í�qhPcG��|Úa�BVJK�m�K�IHVJMBT=IHLZ��T=I�W � G=IWVG(srj�PZNQF`Gx�H�hKnV�srK_��K_`_NQPSqrK�LZ�lNQFJK�M[YJ�t`�PSK�I}NkMONiG�NQPSMONQPS`)PcMzYHm�VJG�NQKnVNQTt\QK_ÖHK�`_Nu`nG=IJ`�K�LSLcG�NQPSTaI,T=e8NQFJK"M[PSd=IWG=L8VhYHKBNQTtmWG;NQF&g i ��� ou��FhYJMNQFJK¤R�G;NQ`]FJKnV��WLZNQK_\�TaYhNQmHYhN�qrK�`]NQT=\uW � PSM�YHm�VJG�NQKnVtNQT_W i sh`�T=R�{mHG�\QKnV:j�PZNQF�NQFJK�mJ\QT}`�KnVhYJ\QK�PSI~ªZ¢n©�»Hj�FHK_\QK)G=ItPSI}NQK_\QRtKnVhPcG�NQK�`nG�IJ{`_K�LSKnV�\QK�`�K�PSqrKnV�M[PSdaIHG=L � i PSMlewT=\QRtKnV�G�IWV�R�G�NQ`iFHK�VØ�WLZNQK_\QPSIHd^PSM\QK_m�KnG�NQKnV�ok��FHK¤\QK_M[YHLZN�PSM�G"M[m�K_KnVJYJm�T=I�NQFJKuT�\iVJK_\�T�e�ê"ö"NQPSRtK�M�sG�MuM[FJTnj�I�PSI��ÏG�bHLSK�¢ao��FJK)G=LSdaT�\QPSNQFJR NQK]\QRtPcIHG�NQK�MkG;ewNQK_\#MONiG=daK+l"ç�ê"öJo���I�mJ\iG�`_NQPS`�Kas
ê"ö�`nG=I~b�KlVJK_NQK]\QRtPcIJKnV5T=I�NQFHKBÖH�5bWG=M[K�V�TaI�P /í d e3PJG=IHVWÜ�T�\¤NQFJKÓ × Ù&�f\iG�NQPST(T=e�K�IJK_\Qd=�:m�K_\#MO�hRlb�TaL/NQTBIHTaPSM[K)K�IHK]\Qd=��m�K]\#MO�hR:b�T=LVhYJ\iG;NQPcT=I��]oÕ�HT=\tNQFJK�K_�JG=RtmJLcK�PSI��ÏPSdaYh\QK�¢as�ê ö ç.¢;¨/sy��ç¢=skêcz�çÞâ=â^bHPSIWG;\[��Î(Ó}{�E#Î(��Í7`iFHPSmHM�s8G�IWV�NQFJK5���&`]FHG=IHIJK�LK_MONQPcR�G;NQKBPSM)M[FJTnj�I��|VJT�N[NQKnV�LSPSIHK;�#ewT=\¤G=I~Ó × Ù�T=ek¡�©tV § o

3. DESIGN SPACE EXPLORATION FOR THE
PARAMETERIZED MP CORE���Ïs�VhYHK¤NQTtPZNQM)PcIJFHK_\QK_I/N�mHG�\iG�LcLSK�LSPSM[R�s�PSMuG=I�PcVJK�G=L¦`�G=IWVhPcVHG�NQK

efT�\¤K]�t`�PSK�I}N¤PSRtmJLcK_RtK�I}NiG�NQPSTaI�TaI~RtT/VhK_\QI�\QK�`_TaIJ�HdaYh\iG=bHLSK(mHLcG;N[{efT�\QRtM�okÓhPSIJ`�K�TaIh{�`]FJPcm"\QK�M[TaYh\Q`�K�MkG�\QK�LSPSRtPZNQKnV�s=PSI:NQFHPSM�M[K�`]NQPcT=I:j�Kj�PSLSL�MONQYHVh��N[\iG=VJK_{�T���M�T=e¦m�K_\[efT�\QR�G=IH`_KgG=IHV�G�\QKnG"PcI�PSRtmHLSK�RtK�I}N[{PSIHdgNQFJK�mWG�\iG�RtK_NQK_\QPS��KnV����Ø`�T=\QKaok�yTgNQFHPSMzK_IWV�s=j�K�j�PSLSLWK_�hmHLST=\QKNQFHKgVJK�M[PSdaI5M[mWG=`_K(eÒ\QTaR NQFJKgefTaLSLSTnj�PSIHdtNQFJ\QK�K¤m�K_\QM[m�K�`_NQPSqrK�M�o
¢ao���G�\iG=RtK]NQK_\QPS�nG�NQPSTaI~T�eÏNQFHK"����`�T=\QK=o
¡/o�ÎBG�NiGl\QK_mJ\QK�M[K�I}NiG;NQPcT=Iyo
Úho�ÎBG�NiG�VhPSMON[\QPcbJYJNQPSTaI�o

3.1 Parameterization of the MP CoreÍ¥d=T}T/VÕmWG;\iG=RtK_NQK_\QPS�nG;NQPSTaIÕT�el���3mJ\QT;q/PcVJK�M�N[\iG=VJK_{�T���M�b�K]{N�j#K�K�I�PSRtm�T=\[NiG�I}N:MO�hMONQK�RñRtK_N[\QPS`�M�s8M[YJ`]F�G�M:K�MONQPSR�G�NQPST=IxG�`�`�Yh{\iG=`]�}s�LÒG;NQK�IH`]�}s)G�\QKnG/s¤G�IWV�m�Tnj#K_\]Ü�K�IJK_\Qd=��`�TaIJM[YHRtmhNQPcT=Iyo&��FHK����G�LSdaT=\QPZNQFJR PSM�PSIHFJK_\QK�I}NQLZ��mWG�\iG�RtK_NQK_\QPS�nG�bHLSKBPSI�NQK_\QRtM�T�eÏNQFHKI/YHRlb�K_\¤T�ezN[\iG�PSIHPSIHd�MO�hR:b�TaLSMF�Às�NQFHK"I/YHRlb�K_\uê ö T=ezIHTaIJ��K_\QTK�MONQPSR�G�NQK�Vx`iFWG=IJIHK�L)`�T}K_��`�PSK�I}NQM�s�NQFHK�I/YHRlb�K_\tT�eBMQG=RtmJLcK_M�ê(æm�K_\:MO�JRlb�TaL�szG=IHV�NQFHK�LcK_IHd=NQF�êcz�G=IHV�N��hm�K�T=e)NQFHK�M[mJ\QKnG=VJPSIHdM[Knv}YHK_IH`�Kao��FHK"YJNQPSLSPS�nG�NQPST=IØT�e#FHG�\iVhj�G�\QK(\QK�M[TaYh\Q`�K�MgT=I~NQFHKBNiG�\Qd=K_NBmHLcG;N[{
efT�\QR mJ\QT;q/PcVJK�M�GaVHVhPZNQPcT=IWG�L(VJPSRtK�IHM[PST=IHM5ewT=\^mWG;\iG=RtK_NQK]\QPc��G�NQPSTaIT=ezNQFHK:����`�T=\QKaol����PSI/qrTaLSqrK_MgR�G�N[\QPZ�/{�qrK�`_NQT�\¤RlYHLZNQPSmHLSPS`nG�NQPSTaI�sj�FHPS`iF~`nG=I5b�K(VJK�`�T=Rtm�TaM[KnV�PSI}NQT�mHG�\iG=LSLSK�LÏqaK�`_NQT=\[{�qrK_`_NQT=\)R:YJLZNQPS{mHLSPS`nG;NQPcT=IHM�o8��FJK8R:YHLZNQPSmHLSPS`nG;NQPcT=I�Ü�G=`�`�YJR:YJLÒG;NQPSTaI(PSIBqrK�`_NQT�\[{�qaK�`_NQT=\Tam�K]\iG�NQPSTaIJM¤`nG�I�b�KBefYJ\[NQFJK_\)mWG;\iG=LSLSK�LSPc�_KnV�ou�5T�\QK�T;qrK_\nsHNQFJKB`]FHG=Ih{IHK_Lz`�T}K]�t`�PSK�I}NQMlT�e�NQFHKtYJIH`nG�IH`�K�LSKnVØR:YHLZNQPSmWG;NQF�M[PSdaIHG=LSM"`nG=I�b�KK�MONQPSR�G�NQK�V�PSI�mWG;\iG=LSLSK�L�o~��G�\iG�LSLcK_L�`�TaRtmJYJNQPSIHd�`nG=I�PSRtmh\QT�qaK:NQFHKLcG�NQK�IJ`_��T=eÏNQFJKgmHLcG�N[ewT=\QR�sJbHYhN�NQFHPSM�VJT}K�M�`�T=RtKBG�NuG:`_TaMONn¼kRtT=\QK`�T=RtmHYJNiG;NQPSTaI(\QK�M[TaYh\Q`�K�MkG�\QK#\QK�v/YJPZ\QKnV�s;j�FHPS`iF:PSIH`]\QKnG=M[K�M�NQFJK#`�T=MONT=ekNQFHK(NiG�\Qd=K_N(VhK�q/Pc`_Kao § �^q=G�\[�hPSIHd�NQFJKlI/YJR:b�K_\uT=ezM[PSdaIWG�L�K�MONQPZ{R�G�NQPST=I^\QK_M[TaYJ\Q`_K�MgYHM[K�V�PcI~NQFJK:G;\Q`]FJPSNQK_`_NQYJ\QKas�j#Kl`�G=I~N[\iGaVhKlT��LcG�NQK�IJ`_��efT=\)I/YHRlb�K_\�T�eÏ\QK�M[TaYh\Q`�K�M�o
3.2 Data Representation��FHK�M[K�`_TaIWVtVhK�M[PSdaItN[\iGaVhK_{�T=��`nG=Itb�K�m�K_\[ewT=\QRtKnVlb/�lTamhNQPSRtPc�]{PSIHd�NQFJK�bJPSIWG�\[�,\QK�mh\QK�M[K�I}NiG�NQPSTaI�T�e�NQFHK�VHG;NiG�PcI�NQFJK����ÀG=LSdaT�{\QPZNQFHR�oÏÓhm�K�`_PS�H`nG=LSLZ�}s;NQFHK8I/YHRlb�K_\�T=ehbHPZNQM¦YJM[KnVgNQT�\QK�mJ\QK�M[K_I/NyKnG�`]FVHG;NiGgqaG�LSYHK�`nG�I�b�K�qaG;\QPSKnV�srG=IWV"NQFHK_\QK�PSMzGg`]FJTaPS`�K�b�K_N�j�K�K�I��J�hKnV
m�TaPSI}N8G�IWVBÖWTrG;NQPSIHd¤m�T=PSI/N¦\QK�mJ\QK�M[K_I/NiG;NQPSTaIHM�o��ÏLcTaG�NQPSIHd¤m�TaPSI}N�mJ\QT�{q/PcVJK�MyLÒG;\QdaK�V/�hIWG=RtPS`�\iG=IJdaK#G=IWVBqrK]\[�gFHPSd=F"mh\QK�`�PSM[PSTaI�srbHYhN¦PZN¦`nG=Ib�KB`�T=MONQLS�}o#�ÏPZ�hKnVh{�m�TaPSI}NnshTaI5NQFJKB`�TaI}N[\iG;\[�}sJ\QK�mh\QK�M[K�I}NQM�NQFHKBVJG�NiGLSK�M[M�mJ\QK_`�PSM[K�LZ�}sabJYJNÏPZN�`�G=I"MQG;qaKz\QK�M[T=YJ\Q`�K�MkG�IWVBFWGnqrKzR:YH`iFBb�K_N[NQK_\m�K_\[ewT=\QR�G=IJ`�Kao

Performance Area Performance Area
(ns) (slices) (ns) (slices)

16 (1,6,9) 59.99 224 39.84 284
32 (1,8,23) 70.45 475 57.59 565
64 (1,11,52) 89.67 1054 69.84 2021

128 (1,32,95) 117.13 2200 100.91 5868

Bits
Adder Multiplier

(S,E,F)
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��I����Ïs�GaVJVJK_\QM5G=IWVÕRlYHLZNQPSmHLSPSK_\QM�G�\QK^NQFHK,bWG=M[PS`^efYJIH`_NQPSTaIHG=LYJIHPZNQM�ou��FHK�PZ\BK_MONQPcR�G;NQKnV�m�K_\[ewT=\QR�G=IJ`�KlG=IWV~G;\QKnGtM[FHTnj�I^PSIØ�¦G�{bJLSK5¡�G�IWV��ÏPSd=YJ\QK�Ú�`nG=I�b�KtYJM[KnV�NQT�mJ\QT;q/PcVJKt\QYHLSK�M"T=e�NQF/YJR:b
ewT=\^`iFHT}T=M[PcIJd�NQFHK,\QPSdaF}N^VHG;NiG�\QK�mh\QK�M[K�I}NiG�NQPST=I&M[`iFHK�RtKØPSI�NQFJKmHG�\iG�RtK_NQK_\QPS��KnV���� `�T=\QK=oU�h\QTaR1�ÏG�bHLSK,¡�G�IWV��ÏPSd=YJ\QK,Úhs�j#K`�G=I�M[K�KtNQFHG�N(`�T=RtmWG�\QK�V,j�PZNQF�NQFHK��J�hKnVØm�T=PcI}NB\QK�mh\QK�M[K�I}NiG�NQPST=I�|�ÏPSd=YJ\QKØÚr�]s¤ÖHTrG;NQPcIJd�m�TaPSI}N�ewYHIH`]NQPcT=IWG�LBYHIHPZNQM,�|�ÏG=bJLSK�¡=��`�T=IJ{M[YJRtKgR:YJ`]F�RtT�\QKgFWG;\iVhj�G;\QKg\QK�M[TaYh\Q`�K�MuG=IHV�FWGnqrKuR:YJ`]F�LSTaIHd=K_\
K]�JK_`�YJNQPSTaI�NQPSRtK � o�Ó/PSIH`�K�NQFHK�G=RtT=YHI}N:T�egFHG�\iVhj�G�\QK�\QK�M[TaYh\Q`�K�M����IJK�KnVJMkefT�\�R:YJLZNQPcmJLSPc`�G�NQPSTaI�G=IHV�GaVHVhPZNQPcT=I�Tam�K_\iG;NQPcT=IHM�PSM�qaK_\[�LcG;\QdaKas¦K�RtmHLSTn�hPcIJd�ÖHTrG;NQPcIJd5m�T=PcI}N(VJG�NiG�\QK�mJ\QK�M[K_I/NiG;NQPSTaI^j�PcLSL8\QK_{v}YJPS\QK8NQPSdaF}N¦\QK_M[TaYJ\Q`_K#M[FWG;\QPSIHdJs�j�FHPS`iF(`�T=\[\QK�M[m�T=IWVhPcIJdaLZ�"VJK_d=\iGaVhK�MNQFJK�MO�JMONQK_R m�K]\[efT=\QR�G�IH`�K=o@�ÏPZ�JK�VUm�TaPSI}NØ\QK_mJ\QK�M[K�I}NiG;NQPcT=I¹\QK_{MON[\QPS`_NQM^NQFHK�G=`�`�Yh\iG=`_�&T=e:NQFHK�M[PSdaIHG=LSMØPSI�NQFHK�VJPSd=PSNiG�L:VhTaR�G�PcI
`_TaRtmWG;\QKnVØj�PZNQF�PZNQM"ÖHTrG;NQPcIJd~m�TaPSI}N:`_TaYHI}NQK_\QmHG�\[Nno p Tnj�K_qrK_\ns8PZN\QK�v/YJPZ\QK�M�PSI/NQK_daK_\�ewYHIJ`_NQPSTaIWG�L�YHIHPZNQM�s}j�FJPc`iF�G�\QKgRtT�\QK¤K_�t`_PcK_I/N�PcIb�T�NQFÕG;\QKnG�G�IWVxm�K]\[efT=\QR�G�IH`�KØ�|�ÏPSdaYJ\QK^Úa�]oÕ��F/YJM�s#�H�hKnV/{�m�TaPSI}N
� Í¤VHVhPZNQPcT=I¹PSM�T=IHK�T=e�NQFHK�RtT=MON�`�T=RtmHYhNiG�NQPSTaIHG=LSLZ�¹K_�hm�K�IJM[PcqaKG;\QPZNQFHRtK_NQPS`)Tam�K_\iG;NQPcT=IHM�PSI�ÖHTrG�NQPSIJdlm�T=PcI}NzTam�K_\iG;NQPSTaIHM¤ªS¢]»|sHG�MzNQFJK\QK_M[YHLZNQMuPSI5�ÏG=bJLcK"¡lVJK�RtT=IHMON[\iG�NQK=o

\QK�mh\QK�M[K�I}NiG�NQPSTaI�PSM:K_RtmHLSTn�}KnV�PSI�VJK_M[Pcd=IHPSIHd^NQFHK�mHG�\iG=RtK]NQK_\QPS��KnV���x`_T=\QKao��FHKlT=NQFJK_\BVJG�NiGt\QK�mJ\QK�M[K_I/NiG;NQPSTaI,`�TaIJM[PÒVhK_\iG�NQPST=I�PSI/qrTaLSqrK�M)NQFHK
N[\iGaVhK_{�T=�Ub�K_N�j#K�K�IÕNQFHK^I/YHRlb�K_\�T=e(�H�hKnV/{�m�TaPSI}N�bJPZNQM�G=IHV�NQFHK`iFWG=IJIHK�L#K�MONQPSR�G�NQPSTaIxG=`�`_YJ\iG=`]�}o��¦T,K_�hmHLST=\QK�NQFHK�VJK_M[Pcd=IxM[mHG=`�KPSIØNQFJPcMgVJPSRtK�IHM[PST=Iys�j�K�`_TaIWVhYH`_NQK�V,bJPSNBj�PcV/NQF�G�IWG=LZ�hM[PSM�ª £/sz¢n¨;»|o�ÏPSdaYh\QK�âØM[FJTnj�M�NQFHK�\QK�M[YHLZNQM�efT�\�`]FHG=IJIHK�L�K�MONQPSR�G;NQPcT=I�GnqrK]\iG=daKMQv}YWG;\QKnV"K]\[\QT=\��|ÍgÓ � ��qhM�o¦I/YHR:b�K]\ÏT=eJ�H�hKnV/{�m�T=PSI/N¦bHPZNQM¦ewT=\#Ó × ÙuMT=ez{Q¢n©hsy©/sz¢�©hs¦¡=©/sÏÚ=©5V § s�j�FHK_\QK�Ó × Ù¹PSM(VhK_�WIJKnV~G=MgNQFJKl\iG�NQPSTT=e¦NQFHKBVhK�M[PZ\QKnV�M[PSdaIHG=LyK�IHK_\Qd���NQTlNQFHK¤IHTaPSM[KBM[PSdaIHG=LyK�IHK_\Qd��}shb�T=NQFRtKnG�M[YJ\QKnV,T�qaK_\(TaIJK�MO�hR:b�TaLkVhYJ\iG�NQPST=Iyo���FJK:\QK�M[YHLZNQM"G�\QK�GnqrK]\[{G=d=KnV�T;qrK_\�NQFh\QK�K~VJPZ��K_\QK_I/N�RlYHLZNQPSmWG;NQFx`iFWG�IHIHK_LcM�s�j�PZNQF�Ú=©�K�Ih{M[K�RlbHLSKu\QYJIHM¤�|VhPZ��K_\QK�I}N�IHT=PSM[Ku\QKnG�LcPS�nG;NQPSTaIHMi��m�K_\�`iFWG�IHIJK�L�o8�J\QTaR�ÏPSdaYh\QKlâhs�PSN¤PSM¤`�LSKnG;\gNQFWG;N¤K�PSd=F/N¤bHPZNQM¤PSMuM[YJ�t`�PSK�I}N)efT�\(G=`�`_YJ\iG�NQK
R:YJLZNQPcmHG�NQFØ`]FHG=IHIJK�L8K�MONQPSR�G�NQPSTaIØj�PSNQF�T=mJNQPSR�G=LkV/�JIHG=RtPS`:\iG�IHdaKM[`nG�LcPSIJd~ª £;»¦NQFh\QTaYHd=FHT=YJN�NQFHK¤PcRtmJLSK�RtK�I}NiG�NQPSTaI�o

3.3 Data Distribution SchemesÍuIJT=NQFJK_\(PSRtm�T=\[NiG=I}NgN[\iG=VJK_{�T���NQT5`�TaIJM[PÒVhK_\(efT�\lM[m�K_KnVJPSIHd5YHmNQFHKu����`_T=\QK)PcM8NQFHK)VJG�NiGBVJPSMON[\QPSbHYhNQPSTaItM[`iFHK�RtK�M�o8����mJ\QT}`�K_M[M[K�M
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G�v}YHPZNQKlLcG;\QdaKtG�RtTaYHI}N¤T=e�VJG�NiG/s¦VhK�m�K�IHVJPSIHd�TaI~NQFHKlI/YHR:b�K]\¤T�eMO�hRlb�TaLSM�s�NQFHK"IhYJR:b�K_\uT=ez`iFHPSmHMgm�K]\BMO�hR:b�TaL�s�G�IWV�NQFHKlIhYJR:b�K_\T�e#MQG�RtmHLSK�Mum�K_\g`iFHPSmyou��I~M[YJ`]F^VJG�NiG�VJT=RtPcIHG�NQKnV~VhK�M[PSdaIJM�s�m�T}T=\VJG�NiG�VJPSMON[\QPSbHYJNQPST=I�`nG�IØK�LSPSRtPSIWG;NQKtG=LSL8b�K�IHK]�HNQMgdaG=PSIHKnV^NQFJ\QT=YHdaFmHG�\iG�LcLSK�LSPS�nG;NQPcT=IysyVJYJK¤NQTtLcG�\Qd=KlVJG�NiG:N[\iG�IHMOefK]\uNQPSRtK�M�oz��F/YHM�sHPSN)PSMIJK�`�K�M[MQG;\[��NQTlm�K_\[efT�\QR Gl`nG;\QK_efYJL¦VhPSMON[\QPcbJYJNQPSTaI�T=eÏNQFJKgVJG�NiG:T=I/NQTNQFJKgNiG�\Qd=K_N)mHLcG�N[ewT=\QRÞNQTtG=`iFHPSK�qaKgdaT}T/V�LcG�NQK_IH`_�}o�ÏPSd=YJ\QK:¡~�|Ga�uG�IWV���b���VJK�mJPS`_N¤FJTnjUNQFHKl���XVHG;NiGZ��s G(s o�s�G;\QK
VhPSMON[\QPcbJYJNQKnVxPcI�TaIHK~M[K_`_NQPSTaI�T=e"G�RtT/VhK_\QIx\QK_`�TaIh�WdaYh\iG=bJLcK^VhK_{q/PS`�Kas/j�FJPc`iF�FWG=M�VJPSMON[\QPSbHYJNQK�V�RtK_RtT=\[�}s/G�IWV�VJKnVhPS`nG�NQKnV��O��`�T�\QK�M��K=o dho#RlYHLZNQPSmHLSPSK_\QMi�]ok��FHKgNQT=mJ{�LSK_ewN��HdaYJ\QKBM[FJTnj�MuFJT;jXNQFJKgÙ¤Í¤�5MG�IWV�RlYHLZNQPSmHLSPSK_\QM"G�\QK�Knv}YWG�LcLZ��VJPSMON[\QPSbHYJNQK�V�G=`_\QT=M[MlNQFJKt`�TaLSYHRtIJMT�ezNQFJKl`iFHPSm�oBÍuLSL¦NQFJKlbJLSTabHMgG�\QK"PÒVhK�I}NQPS`nG=L�o(��FJKlb�T�N[NQTaR¥�HdaYh\QKM[FJTnj�M¤NQFHKB`�T=IJ�HdaYJ\iG;NQPSTaI^T=ekTaIJKlT�e8NQFHK(bHLSTabJM�sWj�FHPS`iF^PcIJ`�LSYWVhK�MG(bHLST}`iÑtÙ¤Í¤�Øs/G(R:YHLZNQPSmHLSPSK_\ns/G�IWVtM[YJ\[\QT=YHIHVJPSIHd:E�ã § M�G=IWVtmh\QT={d�\iG=RtR�G�bHLSKgPSI}NQK_\Q`�TaIJIHK�`]NQPcT=IHM�oz�J\QT=R7NQFHK(���xG=LSdaT�\QPZNQFHRñ�|�ÏPSd={Yh\QK�¡���`;�[�]s¦j#K�`nG=I�M[K_K�NQFHG�NlG=LSLkNQFHKt`�T�\[\QK�LcG�NQPSTaIJM5�|ãyPSIJK�¡a�BPcINQFJK�R�G;NQ`]FJKnVØ�HLSNQK]\QM:`nG�I�\QYJI�PSIWVJK_m�K�IWVhK�I}NQLS�}oØÓ/T~NQFHK�R�G�N[\QPZ���`nG=I~b�K(K�qrK_IHLZ��VhPSMON[\QPcbJYJNQKnV�T=I�NQFHK(bHLST}`iÑ5ÙuÍg�5M�sJj�PSNQF^KnG�`]F`_TaLSYHRtI#��î�MONQT=\QK�V�PSI5T=IHKBT=e¦NQFHK¤bJLST}`]Ñ�Ù¤Í¤�5M#efT�\�NQFHKBVhPcM[`]\QK_NQK

Bits Multiplier BRAM Slices Performance (ns)
6 88 89 7806 4896.4
7 88 89 8342 4896.4
8 88 89 8969 4896.4

10 88 89 10134 4896.4
16 88 89 13630 8460.24
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mWG;NQF�VJK_LÒG���äQo���FHK�MONQT=\QK�V�� î G�\QK�mJ\QT;q/PcVJKnV�G�M"NQFJKtTam�K_\iG�IWVhMefT�\(R:YJLSNQPSmJLcPS`nG;NQPSTaIHM�o"��FJPSMBmWG�\iG�LSLcK_LcPS�nG;NQPSTaI�T�e#NQFHKlR�G�NQ`iFHKnV5�HLZ{NQK_\QM¤\QK_M[YHLZNQMgPSI,G�M[m�K_KnVJYJm^efG=`_NQT�\(T=e¤£��|ê æ �]o(Ó/PcRtPSLcG�\QLZ�}s�PSI~NQFHKR:YJLZNQPcmHG�NQF�M[YJ`�`�K�M[M[PSqrKlPSI/NQK]\[efK_\QK�IJ`�K"`nG=IJ`�K�LSLcG�NQPSTaI,MONQK�mHMl�|ãyPSIHKlÔNQFJ\QT=YHd=F(ãyPSIHK�¢;¨=�]s9o¤G=IWVcG�`nG�IBb�K#VhPSM[M[K�RtPSIWG�NQK�V(K�v/YHG=LSLZ�gPSIBNQFHKbHLST}`iÑ�ÙuÍg�5M�shj�FHK]\QK�oqp"G=IWV"GFp:G;\QKBMQG;qaKnV5PSI5NQFHKBMQG�RtKBbHLST}`iÑÙuÍg�7ä�j�PZNQF¡��î[o���FHK�bJLcT}`iÑ(Ù¤Í¤�7ä�PcMkG�LcM[T¤YHM[KnVlG=M�\QK�daPSMONQK_\QM�NQTMQGnqrK:PSI}NQK_\QRtKnVhPcG�NQK"qaG�LcYJK�M¤T�e�C�prs�¥Op/s�G�IWVaW ip s�j�FHPS`iF�G;\QK�G�LcM[TPSIWVhK�m�K�IWVhK�I}N¦b�K]N�j�K_K�I:VhPZ��K_\QK�I}NÏbJLcT}`iÑBÙuÍg�5M�oÏÎ¤YHK8NQT)\QK�M[T=YJ\Q`�KLSPSRtPSNiG;NQPSTaIHM�s�NQFHK"R:YJLZNQPcmJLSPc`�G�NQPSTaIJM¤j�PZNQFHPSI,NQFJKlMQG�RtKlbJLSTab,M[FWG�\QKG�R:YJLZNQPcmJLSPcK]\¤PSI~b�T=NQF5MONQK�mHM)T=ekR�G�NQ`iFHK�V��WLZNQK_\QPSIHd�G�IWV5PSI}NQK_\[ewK_\[{
K�IJ`�K�`nG�IH`�K�LSLcG�NQPST=Iyo § �,VJPSMON[\QPSbHYJNQPSIJd�NQFHT=M[Kt����VHG;NiG�NQFWG;N(G�\QKPSIWVhK�m�K�IWVhK�I}N:T=I}NQT,bJLST}`]Ñ�ÙuÍg�5M�s8NQFHK�RtK�RtT�\[��T=m�K_\iG�NQPSTaIJMtT=eR:YJLZNQPcmJLSKgm�T=\[NQM)G=IHV5Tam�K]\iG�NQPSTaIJMuT=I~VJPZ��K_\QK�I}N�bJLcT}`iÑ�Ù¤Í¤�5M�`nG=Ib�K~m�K_\[ewT=\QRtKnV�M[PcRlYHLZNiG=IJK�TaYJM[LZ�}oX��F/YHM�s�NQFJK~MO�JMONQK_Rß`nG=I�drG=PSIRtT=\QK¤m�K_\[efT�\QR�G=IH`_KBPcRtmh\QT;qrK�RtK�I}Nno��Itd=K�IHK]\iG=L�sJG(R�GS¦OT�\�daTaG=L�PSItNQFHK�PSRtmHLSK�RtK�I}NiG;NQPcT=ItT=e�NQFHK¤���`�T�\QKtPcMBNQFJK�YHM[K�T�e)VJPZ��K_\QK�I}NBNQK�`iFHIJPcv/YJK�M¤NQT�T=mJNQPSRtPS��K:NQFJK�`�T=\QKNQTnj�G;\iV^efG=MONB`iFWG�IHIHK_L�K�MONQPSR�G�NQPSTaI�o § G=M[K�V,T=I,PSIJFHK_\QK�I}N¤mJ\QTam�K]\[{NQPSK�M(T=ezNQFHK�����G=LSdaT�\QPZNQFHR�s¦NQFJK�VhK�M[PSdaI�M[mHG=`�K�mHG�\iG�RtK_NQK_\QM(G�\QKM[YHRtR�G;\QPS��KnV,G=M�¼��O¢;�gFHG�\iVhj�G�\QK:\QK_M[TaYJ\Q`_K�M�s���¡a�gmHG�\iG=RtK]NQK_\QPS��KnVmWG;\iG=LSLSK�LSPSM[RUT=e/NQFJK#���~G�LSdaT=\QPZNQFJR�sJ�|Úa���J�hKnV¤m�TaPSI}N¦G�\Q`iFHPZNQK�`_NQYh\QKasG=IHV,��âr�#VJPSMON[\QPSbHYhNQKnV�VHG;NiGlMONQT=\iG�daKgM[`iFHK_RtK�M�ok�HYJ\[NQFJK_\QRtT=\QK=srNQFHK
VJK�VJPS`nG�NQK�Vt\QK_M[TaYJ\Q`_K�M�TaItNQFJK)\QK�`_TaIJ�HdaYh\iG=bHLSKuVJK�q/PS`�KuG�\QKuYHM[KnV:NQTR�G��hPSRtPS��K¤NQFJKgK_�t`�PSK�IJ`_��T=eÏNQFJKBVJK�q/PS`�Kao

3.4 Putting It All Together—Experimental re-
sults for the parameterized MP core��KumJ\QK�M[K_I/N#M[K�qrK_\iG�L�K_�hm�K_\QPSRtK�I}NiG=LW\QK�M[YJLSNQMzefT=\�PSRtmJLcK_RtK�I}NQPcIJdNQFHKg����`�T=\QKuTaI�G"áuPcLSPSIJ��àuPZ\[NQK_�/{��[��áuE�¡;àgÚa©=©a©l���#½gÍ�ªZ¢nÝ�»�NQTb�K_N[NQK_\zPSLSLcYJMON[\iG�NQK)NQFHK�daK�IJK_\iG=LWN[\iG=VJK_{�T���MzPSI/qrTaLSqrK�V�PcItT=YJ\#MONQYWVh�}sM[m�K�`�PZ�H`nG=LSLZ��PSIlNQK]\QRtMÏT=e�G;\QKnGrÜ;m�K_\[efT�\QR�G=IH`_Kaok�ÏG=bJLSK�Ú¤M[FHTnj�M�NQFHK\QK�M[YJLSNQM(efT�\tVhPS��K]\QK�I}NlI/YJR:b�K_\QMBT�eubJPZNQM"m�K]\�VJG�NiG�q=G=LSYHKao��J\QTaRNQFHKtNiG�bHLSKaskj�K�`nG=I�M[K�K�NQFWG;NlNQFJK5VJG�NiG^G�\QK�VJPSMON[\QPSbHYhNQKnV�G=`_\QT=M[MÝ9§~bJLcT}`iÑ�ÙuÍg�5MlG=IHV�ÝaÝ~R:YJLSNQPSmJLcPSK_\QM"NQT~M[YHmJm�T=\[NlmWG�\iG�LSLcK_L�K_�/{K�`�YhNQPSTaIys�G=IWV^j�FHK�I�PcIJ`_\QKnG�M[PcIJd�NQFHKtI/YHRlb�K_\BT�e�bHPZNQM�sÏNQFJK�G�\QKnG��I/YHRlb�K_\�T�egM[LSPS`�K�Mi��PSIH`_\QKnG�M[K�M�G=`�`_T=\iVJPSIJdaLZ�}s�j�FHPSLSK�NQFHK�m�K_\[efT�\[{R�G=IJ`�K�VhK�`_\QKnG�M[K�M�o���KtG=LSM[T�`�T=RtmWG;\QKnV^NQFJK:K_�hK�`_YJNQPSTaI,NQPcRtKlT=e

NQFHK~���3`�T�\QK^j�PZNQF�G�FHPSdaF�m�K_\[efT�\QR�G=IH`_K~VJK�M[Ñ}NQT=m�`�T=RtmHYJNQK]\nsj�FHPS`iF&FHG=M~Gx¡/oS¢nÔa½ p ��Úa©a©=©O�ßÍ¤�5ÎßÍ�NQFHLSTaIXá¤� mJ\QT}`�K�M[M[T�\G=IHV�G=b�T=YJN�¢;½ § ÎgÎgÙ3�zE�Úr¡=©=©~Ù¤Í¤�5M�o���FJK�Ý;{�bHPZN:���U`�T=\QK\QYHIJM"G=b�TaYhNt¡}¢n£�NQPSRtK�M(e�G=MONQK]\nskG=IWV�NQFJK�¢n£;{�bJPZNt���¹`�T�\QKt\QYHIHMG=b�T=YJN�¢;¡a¨5NQPSRtK�M(e�G�MONQK_\no p K_\QK�PSNlPSM:PSRtm�T=\[NiG�I}NlNQT~IJT=NQK�NQFWG�NK�qrK_I�NQFJTaYJdaF�����\QYHIJM�v}YHPS`iÑhLZ�:TaI�G(FJPSdaF�m�K_\[efT�\QR�G=IH`_KuRtPS`_\QT�{mJ\QT}`_K�M[M[T=\ns8NQFHK�G�`]FJPSK�qrKnV�M[m�K_KnV�e�G�LcLSMlM[FHT=\[N"efT�\:NQFJKtFHPSdaF�VJG�NiG\iG�NQK�\QK�v/YJPZ\QKnV,b}�ØÚr½BÜ;â}½ j�PZ\QK�LSK�M[MlMO�hMONQK�RtM�o:��IØ`�TaI}N[\iG=MONnsyNQFHKmJ\QT=m�TaM[KnVX��� `_T=\QK^RtK�K_NQM�NQFHK^Úa½BÜ�â}½ M[m�K�KnV�\QKnv}YHPZ\QK�RtK_I/NQM�s¦OYJMONQPZew�hPSIHd"PSNQM�G=mHmJLSPc`�G=bHPSLSPZN���ewT=\�PSRtmJLcK_RtK�I}NiG�NQPSTaItPSItefYhNQYJ\QK)daK�Ih{K_\iG;NQPcT=IHM)T=eÏj�PZ\QK�LSK�M[Mu`�TaRtRlYHIJPc`�G�NQPSTaIJM�MO�JMONQK_RtM�o��Kuj�TaYJLcV�LSPSÑrKgNQT:RtK�I}NQPSTaI�NQFWG;N)G=IJT=NQFHK]\u���x`�T�\QKgj�G=M)G�LcM[T



VhK�M[PSdaIJKnV�s;j�FHPS`iFBefYHLSLZ�BK_�hmJLcT=PZNQMyNQFHK8mHG�\iG=LSLSK�LSPSM[R¹T=e/NQFJK����~G�Lcd=T={\QPZNQFJR�G=IWV"PSM#VhK�K�mHLZ�"mHPSm�K�LSPSIHK�V�oI¨zK_NnsaVJYHKzNQT¤NQFHK�LcG�\Qd=K�\QK�M[TaYh\Q`�K\QK�v/YJPZ\QK�RtK�I}Nns)PSN�VJT}K�M5IHT=N�K�I}NQPZ\QK�LZ�Õ�HN5PSI/NQT�NQFJK,LcG;\QdaK�MON~`_YJ\[{\QK_I/NQLZ�5GnqaG�PcLcG�bHLSK:���z½gÍ"o�ÍuM�e�G�bJ\QPS`nG�NQPST=I,NQK�`iFHIJTaLSTad���PSRtmJ\QT;qrK_MG�IWV�RtT=\QK5N[\iG�IHM[PSMONQT=\QM�G�\QK~PSI}NQK�d=\iG;NQKnVxPSI}NQT�G,M[PcLSPS`�T=I�`]FJPcm�s�PZNj�PSLSL�b�K"m�TaM[M[PSbHLSKlNQT�R�G�m�NQFHKBefYJLcLZ�/{�mWG;\iG=LSLSK�LSPc�_KnV����Õ`�T�\QK:T=I/NQTG�M[PSIHd=LcK����#½gÍ�`]FJPSmys�K�IWG�bHLSPSIHd)qrK_\[�BFJPSdaF"VHG;NiG�\iG;NQK#mJ\QT}`_K�M[M[PSIHdJo

4. RELATED WORK�5YJ`]F�\QK�M[KnG�\Q`iF~FWG�Mub�K_K�I�`�T=IWVJYJ`_NQKnV5T=I5NQFHKgNQT=mHPS`�M)T=e�j�PZ\QK_{LSK�M[M�`]FHG=IJIHK�L)K�MONQPSR�G�NQPSTaI�s)VJK�M[PSd=I�M[mWG=`_K,K]�JmJLST=\iG�NQPST=IysuG=IHV��O�\QK_YHM[Kao^��F/YJM�s�M[mWG�`�K�`�TaIJMON[\iG=PSI}NQM"j�PSLSL�LSPSRtPSNlTaYh\lVJPSM[`�YHM[M[PST=I�NQTG"M[R�G=LSL�M[K_N�T=ey\QK�mJ\QK_M[K�I}NiG�NQPSqrK¤`_TaI}N[\QPSbHYJNQPST=IHM�j�FHPS`iF�G;\QKg`�LSTaM[K�LZ�\QK_LÒG;NQKnV5NQT:T=YJ\�j�T�\QÑ�oE#FHG=IJIHK�LhK�MONQPSR�G�NQPSTaI"efT�\kj�PZ\QK�LSK�M[MzG=mJmHLSPS`nG�NQPST=IHMkFWG=M8G;N[N[\iG=`_NQK�V`_TaIHM[PcVhK_\iG=bJLcK:G�N[NQK�I}NQPSTaI�\QK_`�K�I}NQLZ�}s�G=IHV~GtqaG;\QPcK]N���T=ezG=LSdaT�\QPZNQFHRtM
FHGnqrKub�K_K�I�VJK�qrK_LcT=m�KnV�ª ¡/sJÚhshÝ/s�¢n©hs�¢_âJs�¢;Ôn»|oz��I~ªZ¢�â=»|sHG=I�G=mJmJ\QTn�/{PSR�G;NQK¤��ã�{�bWG=M[K�V�G�LSdaT=\QPZNQFJR3j�G�MzNiG;\QdaK_NQKnV�ewT=\�PSRtmJLcK_RtK�I}NiG�NQPSTaIPSI^Î(Óh�ÕFWG�\iV/j�G;\QKaog��I^NQFJK���ã�G�Lcd=T=\QPZNQFHR¥\QKnVJK�M[PSd=Iys�G�R�G�N[\QPZ�PSI/qrK_\QM[PST=IlMONQK�m(j�G�M8G=mJmJ\QTn�hPcR�G;NQKnVBq/PÒG�d=\iG=VJPSK�I}N8VhK�M[`�K�I}NÏewT=\8PSR�{mh\QT;qrKnV�K_��`�PSK�IH`_�}o���Kt`]FJT}TaM[KtNQFHK�����{�bWG�M[KnV�G=LSdaT�\QPZNQFHR@ªZ¢n©�»b�K_`nG=YJM[K�T=e#PSNQMBK]�t`�PSK�IH`]�,G=IWV,G=`_`�YJ\iG�`_�}syG=IWV~j�K"\QKnVJK_M[Pcd=IØNQFJKG�LSdaT=\QPZNQFJR¹efT=\ÏPcRtmh\QT;qrKnVBK_�t`�PSK�IJ`_�(bWG�M[KnV(TaIlG)M[Yh�t`�PSK�I}N�MONiG�NQPSMO{NQPS`�M)PSI}NQK_\QmJ\QK_NiG;NQPSTaIyoÎ¤K�M[PSdaI(M[mWG�`�KzFHG=Myb�K�K�IBK_�hmHLST�\QKnV¤ew\QT=RUVhPS��K]\QK�I}N¦m�K_\QM[m�K_`_NQPSqrK�MNQFh\QTaYJdaF(qaG;\QPSTaYHM�NQK�`iFHIHPcv}YHK_M�NQT�RtK�K_N�NQFHKzVJK_M[Pcd=I(Tab5¦OK�`_NQPSqrK_M�ªZ¢;¡/s¢�£�»|ox��I�NQFHPSM�mHG=m�K_\nskj�K�efT}`�YJMtTaI�NQFHK�bHPZN[{|j�PÒV/NQF�G�IWG�LS�hM[PSM~ª âJs
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