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���
	
�
������������������������ !�"���#��$&%'$(�*)+�-,�%.$0/�$21435$2)+�06
/10�213-4H5�798;:<:<2179?c0£AC79?@21D87

Z.21D�[�21:.5�8;\^]�_18:9
` :ba0�?c0�3edBZ.0�]�390bd;7

<�=?>A@�B�C�>�D*BAEFC*GIH-J+KMLONAP�LO>RQ.S�T�GVUXW
>�D*Y&ZGV[\>�D*E^]`_aGVU+bcS deSONAfgfAhiPAj�k�lXC*GVmaBA@anFG`opV=M>A@�B�C�>�D*BiEqC*GIH-rts�L;u�vxwyT;G#=.z`Bim4L�j|{�LO}XnFn�ZGVG#T4~ ��D�>AnFEFGiL���{A�ifi{�j�=4z`BAm��&GRT�G��yP|�;o

� ��� º6» é êªõ-¾bºA� é �
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$¸ybÈ¿zvhjlÊi¿m�Ì�Ð�tQlni�ÔÈ1yjzQw�zQmfuWw�i¿lÊø�Ð¿m�t�y�i�h¸x �"��� _>zQw¿m¨Ñ�ovtËz°x�hboËz.yjÒÇzQw�m(uHÐ�oQk�m!oQm�ø�mfuHzvt°h¸È¿ÉnyÖuWã�mfÌCkbmfovtQlÊybiyjÒÇzvw¿mØy½kbm6o"ø�y½ß�hji�Ì­uHybovovmfu%zvlny�i&lÊÌ¿mfh¿Þ1zvw¿mØtQmfu6ybi�Ì&hbi�Ì­u6ybi�tËzvhbi�z°x�hjoQz.ybÒ}zQw�m(uHÐ�oQk�m
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Dot product of a vector with 512 elements on a PIII 993 MHz

Classical
Overflow trick then switch to a double representation

ÁªlnÔ�Ð¿ovm!ï�_ÇÅSx>mfmfÌ+lÊÎ+x¿oQy½k�m6Î+m6i�z}ybÒ^ÌÖybz x¿ovyÖÌÖÐ�u%zÿÈ�ÕØÌÖm6É�hUÕbm�Ì+ÌÖlnkSl�tËlÊybi²ÞbybiÏh#à ���"� Þ;����ðñ ð°×� ÒÓy�o°È¿lÊÔbÔ�m6oÂx¿ovlÊÎØm�t � lÊt�zvw¿m¨k�m6ovÕ¸ÔbySyÖÌ£È>mfw�hUkSlny�o�yjÒÇh¸tQlnÎ+x¿ÉÊm¨ÌÖmfÉÊhUÕ�mfÌ£ÌÖlÊk�l�tQlny�i&ßÂlXzvwh+ÌÖybÐ�È¿Énm�ø>y�h½zvlni�ÔØx1yblÊi�zÂoQmfx¿oQm�tËmfi�zvh½zvlny�iBhbi�Ì."�üh(ÉÊhÏ{ À Ã/$+ÌÖlÊk�l�tQlny�i�t6Ú;�< 0 Ó�ýSP2TVD ÖÁU>DÀ�5MNBEDºBE��JÕY[J1U�G[��THL2B&A�Y[W�U�G[P
Ä°t.tËw�y½ßÂi&lni�tQmfuHzQlÊybi�ð¿ÚÊïÝzQw�m¨È¿ÉÊyÖuWãÛovmfuHÐ�ovtQlnk�m#hjÉÊÔby�oQlnzQw¿Î óOôMõ�ö l�t�È>hbtQmfÌCybi&ÎÏhjzQovlXÍÎ¨Ð�ÉXzvlnx¿ÉÊl�u6h½zvlny�i�tfÚ À w�lÊt.hjÉÊÉny½ß�tÂÐ>tÂzQyÛÐ�tËm#zQw¿m¨ÒâhbtËz°ÎÏh½zQovlnÍBÎ¨Ð�ÉXzvlnx¿ÉÊl�u6h½zvlny�i�ovybÐÖzvlni¿m!ybÒzQw�mØÁ9Á9Ã²Ä¦Å�x�h�uWã½hjÔbm � �|� Ú À w¿l�t¦lÊtÝhbi�mHÍ¿hbuHz¦ßÂoWhjx�x¿lni�ÔÛyjÒÇzvw¿mÏÄ À Ã²Ä¦Å&ÉÊlnÈ¿oWhjovÕ ç � pjð �Ð�tQmfÌBhbt�h¨ã�m6ovi¿m6É>zQyØlÊÎØx�ÉnmfÎØmfi�zÜzvw¿m óOôMõ�ö k½hjovlÊhbi�zvtfÚ � iÛzQw¿m¦ÒÓybÉÊÉÊy½ßÂlni¿Ô(ßÿmÝÌÖmfi¿yjzvm¦ÈSÕ"Ëx�Ð¿oQmØovmfu1$�Þ1zQw¿m+lÊÎØx�ÉnmfÎØmfi�zvh½zvlny�i­ybÒ}zQw¿m+ovmfu6Ð¿ovtQlÊkbm óOô?õ�ö Ì¿mftvuHovlnÈ1mfÌ�lniFtËm�u%zvlny�i�ð¿ÚÊïbÞÈSÕ2"QÙ�Ã²Ä¦Å3$¿Þ�zvw¿m�kUhboQl�hji�zªyjÒ>tQmfuHzQlÊybi(ð�Ú p°ßÂlnzQwØybxÖzvlnÎÏhjÉ�zvw¿oQm�tËw�ybÉ�Ì¨hji>Ì#ÈSÕ2"QÌÖmfÉÊhUÕ�mfÌ ê $¿ÞzQw�m¸k½hjovlÊhbi�z#ybÒ�tQmfuHzQlÊybi�ð�Ú ðCßÂlnzQw�hCk½hjovl�hjÈ¿ÉÊm+zQw¿ovmftQw¿y�ÉÊÌ-)%Ú � iýybÐ¿o¨u6ybÎ+x�hboQl�tËy�i�tÝßÜmÐ�tQm!zQw�m#Ñ�mfÉÊÌ¿t.x¿ovmftQm6i�zQm�ÌClni�tQmfuHzQlÊybi­pÏh�t�È�h�tËm#Ñ�m6É�Ì¿t¦hji�Ì£zvw¿m¨k�m6oWtËlÊybi&ð¿Ú r�Ú pØyjÒ}Ä À ~Ã²Ä¦Å^ÚÇà9m6oQÒÓybovÎÏhji�u6mft#hboQmBmHÍÖx¿ovmftvtËm�Ìýlni@Î+lnÉÊÉnlÊybicyjÒ�Ñ�i�lXzvmÛÑ�mfÉÊÌcybx1m6oWh½zvlny�i�t � ÿ h
�54 õ��x1m6o°tQmfu6ybi�ÌÛÒÓybo �%�9� ÌÖm6i>tËm#tQÕÖtOzvm6ÎÏt6Ú6 73898 :;898 <9898=8 >589898 ?@89898 A@898=8B _;C*GXC*GDCiS hiNAf kFE8kV{ k�j`�AP kRhA��k EAP|N�� E`kRh�jGIHKJML NPORQ3S N�T3N5U N5VWUXN YWOZN5Y YRU�[X\ YWSWS�QT;GVn^>Vz`GRT <^]_] kikV{if kVj;kR� kRNAfih kRhA{i� EAPAj9E E`kRfi�T;GVn^>Vz`GRTR` ] kikV{if kVj|�8k kV{ifi� kR�iNiN EAPi{i� E`k��`kT;GVn^>Vz`GRT p�è kRP8k�N kVj|{iN kV{�kFE EAP8kRP E8k�N�h E`kRhA{T;GVn^>Vz`GRT è �AP�k kFEA{8k k�j`�AP kR�Af|� E8kRf�j E`kR{A{6 73898 :;898 <9898=8 >589898 ?@89898 A@898=8B _;C*GXC*GDCiS h8kRP kFE=EAN k�jij|� kRhAhi{ EAPifi� E`kRh�jGIHKJML kRPA{i{ k�NAP�j N5SWOR\ YRQ3\W\ YROWYZN YWO3T�VT;GVn^>Vz`GRT <^]_] kik�j@E kRfihAf kRNAfih kRhA{iP EAP�kV� E`kVjifacb�dfe5g3b5a ` ] NRN5SWO N5UXN�T N5SWOR\ kR�iNiN EAPihAP E`k��;ET;GVn^>Vz`GRT p�è kRP8k�N kVj`��h kV{�kFE EAP=EAP E8kVji{ E`kRh�jT;GVn^>Vz`GRT è �8kVj kFEi��� k�jij|� kR��j;k E8kRfA� E`k�N��
À hjÈ¿ÉÊmÛï�_ � ybÎ+x�hboQlÊi¿ÔBtQx1m6mfÌ � ñCÒÓy�x�t � ybÒ óaô?õ�ö Ð�tQlni¿Ô ö �����
��� ôC	 �S���
�����S� Þ�y�i�hBà}r�ÞpÖÚ ra��ð°× � î�x�x>mfoÂzvhbÈ¿Énm!l�t�y½kbmfo(hjijÞ�Ény½ßÜm6oÜzvhbÈ¿ÉÊm¦l�tÂy½k�m6o(h £ §lk çDm �nDo1p^p!q�r s�s
tvu
p!o=wxu
p!yzuD{}| {!~��9���}�_�f~��!����| �9�_p
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< 0 ®qG[DÀ�CY®PVU¯TEG[�CT
Ä°tÿtËw�y½ßÂiØlÊiÏx¿ovm6kSlÊybÐ�t}tQmfuHzQlÊybi�tÇzQw¿m°zQw¿ovm6mÂk½hjovl�hji�zvtÇybÒ^zQovlÊhbi¿ÔbÐ¿É�hjovlÊ×fh½zvlny�i¨ÎÏhjlÊi¿ÉÊÕØÌ¿lXÒ ~ÒÓm6o.ÈSÕÛzvw¿m6lÊo.Î+mfÎØy�oQÕBÎÏhji�hbÔbm6Î+mfi�z�Ú � i�ÌÖm6m�ÌeÞ>zQw¿m(Î+hblni&y�x>mfovhjzQlÊybi�t�oQmfÎ+hblni&ÎÏhjzQovlXÍÎ¨Ð�ÉXzvlnx¿ÉÊl�u6h½zvlny�i�tÇhji>Ì#zvoQl�hji¿Ô�Ð¿É�hjo9tËÕÖtËzQm6Î tËy�ÉnkSlÊi¿Ô�Ú À w¿m6ovmHÒÓy�oQm�ÞUzQw¿m�lÊÎØx�ÉnmfÎØmfi�zvh½zvlny�i(ybÒhjÉÊÉ¿zvw¿mftQm�k½hjovl�hji�zvtÇÐ>tËmÂzvw¿m�Òâh�tOzÿÎ+hjzQovlXÍ+Î¨Ð�ÉXzvlnx¿ÉÊl�u6h½zvlny�iÏoQy�ÐÖzQlÊi¿m�ybÒ^zQw¿m¦ÁªÁ9Ã-Ä.Å+x�h�uWã�~hjÔ�m �q�i� hji>ÌÏzQw�m°zvoQl�hji¿Ô�Ð¿É�hjo�tËÕÖtËzQm6Î tQybÉÊkbmfoÿybÒ-tËÐ�È�tËm�u%zvlny�iBð¿Ú p#h�t ã�m6ovi¿m6É<Ú À w¿m¦oQm�tËÐ¿Énzvthjovm!lÊÎØx�oQm�tQtQlnk�m�_9ÒÓy�o�mHÍ¿hjÎ+x¿ÉÊmbÞ�zvhbÈ¿Énm#ðÛtËw¿y½ß�tÜzvw�h½z.lXz°l�tÂx1y�tvtËlÊÈ¿ÉÊm!zQy+zvoQl�hji�ÔbÐ¿É�hjovln×fm!hòjq�qbq � òjq�qbq�ÎÏh½zvoQlnÍ#y½kbmfo9h.Ñ�i�lXzvmÿÑ>m6É�Ì(lÊi+ð�p û �¦tËm�uHybi>Ì¿t6Ú ì mÜi�y½ß@uHy�Î+x�hjovm zvw¿m�zQw�oQmfmovybÐÖzvlni¿m¸tQx1m6mfÌýhbi�Ì�Î+m6Î+ybovÕ­Ð>tQhbÔbm+ßÂlXzvwýzQw�mÛtQhbÎ+mÏãbm6ovi¿mfÉÊt�_¨h ÿ �����
��� ô�	 �S���
�
���S�ovm6x¿ovmftQm6i�zvhjzQlÊybi � tQy&zvw�h½zØi¿y­uHy�iSkbm6oWtQlny�iFy½k�m6ovw¿mfh�Ì­yÖufuHÐ¿o � hji>Ì�zQw¿mBoQm�uHÐ¿oWtQlnk�mÏßÂlXzvwÙ�Ã²Ä¦Å óOôMõ�ö Ú�Á¿y�o�zWhjÈ¿ÉÊm¨ð¿Þ1ßÜm¨Ð�tQmfÌCoWhji�Ì¿ybÎ ÌÖm6i�tQm(tvø�Ð�hjovm!ÎÏh½zvoQl�uHm�t � È�ÐÖz¦ßÂlnzQw�ð �� 0�¯5¯ =5¯�¯5¯ ;�¯5¯�¯ °�¯5¯�¯ ±R¯5¯5¯ =5¯�¯5¯�¯g3��� q�Ú qaò q�Ú ra� ��Ú p�� ð;òÖÚqò ¨ p;ò8�¿Ú � ïUp8� �g�e � t9�5t=� � q�Ú qaò q�Ú r � � Ú �br ðbð¿Ú p½r rOòÖïbÚ � ïUp8���gX�XeX� q�Ú qaò q�Ú r ¨ � Ú � � ð�p¿Ú � ïi�bð¿Ú ¨ ï�q¿ï6rÀ hjÈ¿ÉÊm(ð�_ � ybÎ+x�hjovlÊi¿ÔÏoQm�hjÉ-zQlÊÎ+m � tËm�uHybi>Ì¿t � yjÒag3���^Þ
g�e � t9�'t=� � ÞCgX�[eX�By½k�m6o�h �³²R� Þ1y�ih+à}r>Þ�pÖÚ ra��ð�×
i¿y�iÖ~<×fm6ovy#m6i�zvoQlÊmftÜtËy(hbt zQyØw�hUkbm�oWhji�ãØÌÖm6ä¸uHlÊm6i�zÜÎÏhjzQovlÊu6mftfÚ À w¿m.zQlÊÎ+lni�Ô�tÿÔblÊkbm6iÛlniÛzvh½~È¿ÉÊm.ð#hboQm�u6Ény�tËm.tËlÊi�uHm�zQw¿m¦ÌÖybÎ+lÊi�h½zvlni¿Ô¨ybx1m6oWh½zQlÊybi>tÇyjÒezvw¿mÂzQw�oQmfm°ovybÐÖzvlni¿m�t hboQm�tQlnÎ+lÊÉÊhbofÚg3���£l�tÝtËÉÊy½ßÜm6o�Þ1tQlni>uHmØlXzÝx>mfoËÒÓy�oQÎÏtÝtQybÎ+m¨Ð�tQm6ÉÊmftvt¦×6mfoQyBÎ+hjzQovlXÍ&Î(Ð¿ÉXzvlnx�Énl�u6hjzQlÊybi�t¦ßÂw¿mfiuHy�Î+x¿ÐÖzQlÊi¿Ô-h m´h ¨ �Kß � tQmfuHzQlÊybiýr>Ú p � Ú�gX�XeX��lÊt#tQÉÊlnÔ�w�zvÉnÕ�ÒâhbtËzQmfo!zQw>hji�g�e � t=�'t=� �tQlni�u6mCoQy½ß x1m6ovÎ¨Ð¿zvh½zvlny�i�t+lÊi�k�ybÉÊkbmBÉnm�tQt+y�x>mfovhjzQlÊybi�t(zQw>hji@zQw¿m&ßÂw¿y�Énm£È¿ÉÊyÖuWãcuHy�x�ÕýybÒg�e � t9�'t=� � � tQmfu%zvlny�i&r�Ú ð � Úxð°y½ßÿmfkbmfo�zQw¿m�tËm#y�x>mfovhjzQlÊybi�t°ÌÖy¸i¿ybz.ÌÖybÎ+lÊi�h½zvm!zQw�m(uHy�tOz�ybÒzQw�m.Òâh�u%zvybovln×�h½zQlÊybi²ÞShbi�ÌÛzQw¿mfÕBhjovm.zQw¿mfoQm6ÒÓybovm.ybÒ-ÉÊlXzQzQÉÊm!lni�ø>Ð¿m6i�u6mÝybiBzQw¿m¦zQybzvhbÉ^zQlÊÎØlÊi¿Ô�t6ÚÀ w¿l�tÂl�tÜzQovÐ¿m!Ð¿i�zQlÊÉezQw�m!Î+hjzQovlXÍ£tËlÊ×6mÝlÊi�ÌÖÐ�u6mft�tQybÎ+m!tËß�hjx�x¿lni�Ô�ÞÖhjovybÐ¿i>Ì ��qbqbq � �bqbq�q¿Ú{�y½ß�ÒÓybo�zQw�m!ÎØmfÎ+ybovÕÏÐ�tQhbÔbm�ÞSzQw¿m¦ÒÓÐ¿ÉÊÉnÕBlni¿~<x¿É�hbu6mÝlnÎ+x¿ÉÊm6Î+m6i�zWh½zQlÊybi£yjÒygX�XeX�¸tvhUkbm�tpjqWµ yjÒ^Î+m6Î+ybovÕ � zvhbÈ¿ÉnmÂr � ßÂw¿m6iÏu6ybÎ+x�hjovmfÌ¨zQykg�e � t9�5t=� � hji�Ì�ò;ò�µ ßÂw¿mfi¸uHy�ÎØx>hjovmfÌzQyZg3�5�^Ú�Ä°u%zvÐ�hjÉÊÉÊÕbÞ�zQw¿m.ÎØmfÎ+ybovÕØÐ>tQhbÔbmÂyjÒezvw¿m°y�oQlÊÔblÊi�hbÉ
g3���¨l�tÿhbx¿x¿ovyUÍSlÊÎÏh½zvm6ÉÊÕ#zQw>h½zÿybÒg�e � t9�'t=� � hbÐ¿ÔbÎ+mfi�zvmfÌFÈSÕ�zvw¿m¸mHÍSzvovh£ÎÏh½zvoQlnÍFtËzQy�ovhbÔbm � ßÂw¿l�uWwýuHy�oQovmftQx>y�i�Ì¿tÝm6ÍÖh�u%zvÉnÕzQyØzvw�h½z�ybÒ�gX�[e3�'_SmbÚ Ô�Ú+òbqbqbq & òjq�qbq & ��ìD¶W)³·@¸¦m
pjqbqR¹�ì � Ú À w¿l�t�Î+m6Î+ybovÕÏoQm�ÌÖÐ�uHzQlÊybi£lÊt� 0c¯�¯ º9¯5¯ =�¯5¯�¯ ÎW¯5¯5¯ ;R¯5¯5¯ °�¯5¯5¯g3��� pÖÚ �bð �¿Ú � ï ï � Ú �;ò � ïbÚÊï ¨ ï ¨ q¿Ú ð;ò rbr�r�ÚÊï �g®e � t9�'t;� � ïbÚ ¨ q r�Ú �bq ïfq¿Ú qbq ð;�¿Ú ��� �;�¿Ú ��� p½ra�¿Ú � ¨gX�[e3� ïbÚ p8� ð¿Ú �bð �¿Ú q¿ï ð�pÖÚ q�p � pÖÚ q�p pjq�q¿Ú qjrÀ hjÈ¿ÉÊm#r�_ � y�ÎØx>hjovlni¿ÔÏÎ+mfÎØy�oQÕ£Ð�tvhjÔ�m � ñ&mfÔ�hÏÈSÕ�zQm�t � yjÒ.g3���1Þ
g®e � t9�'t;� � ÞCgX�[e3�By½kbmfoh �³²�� Þ¿y�i£h+à}r>Þ�pÖÚ ra��ð°×
yjÒ-w¿lnÔ�wÛlÊi�zQm6ovmftËz�ßÂw¿m6iCÌÖmfhbÉnlÊi¿Ô(ßÂlXzvwBÉ�hjovÔbm.Î+hjzQovlÊu6mft � ÒÓÐ�oËzvw¿m6o�lÊÎØx�oQy½k�m6Î+m6i�zvtÿybiÛzQw¿mÎ+m6Î+ybovÕ¸ÎÏhji>hjÔbmfÎ+m6i�z�hboQmÝx¿ovmftQm6i�zvmfÌ£tËm�u%zQlÊybi£r�Úqò � Ú0
<x° ×ZY[JÕYFMNG�@2Y[M�U>J1²
À y�tËy�Énk�mØmfkbmfiFÈ�lnÔ�Ôbm6o!x�oQy�È¿ÉnmfÎÏt6ÞªtQhUÕ&zvw�h½z¨zQw¿m¸ÎÏhjzQovlÊu6mft!ÌÖy&i¿ybz!Ñ¿z¨lÊi s Ä°ñ�Þ²ybi�mw�h�tÇÎÏhjlÊi¿ÉnÕ¨zOßÿy#tQybÉÊÐÖzvlny�i�tE_-m6lnzQw¿mfo}x1m6oQÒÓybovÎáybÐ¿z}yjÒeuHybovmÂuHy�ÎØx�ÐÖzvhjzQlÊybi�tÇy�o}x�hbovhbÉnÉÊm6ÉÊln×fmzQw�mÛovmftQybÉÊÐÖzQlÊybi�Ú � icÈ>ybzQwcufhbtQmftfÞ²zvw¿mÛÎ+m6Î+y�oQÕFoQm�ø�Ð¿lnovm6Î+mfi�zWt#ybÒÜzvw¿mBhbÉnÔ�ybovlXzvw¿ÎÏtÝzQyÈ1m¸Ð�tQmfÌ�ßÂlÊÉnÉÿÈ>m�uHybÎ+mÏzvw¿mÛÎÏhblniýuHy�i�uHmfoQi²Ú À w¿l�t#l�t#È1mfufhjÐ�tQmÏzvw¿m¸Î+m6Î+ybovÕ�h�u6u6mftvtËm�t� mflXzvw¿m6o+y�i�w�hjoWÌýÌÖl�tËãýy�o¨ovm6Î+yjzvm6ÉÊÕ�k�l�h­h­i¿mHzOßÜybovã � ÌÖy�ÎØlÊi�hjzQm¸zvw¿mCuHybÎ+x¿Ð¿zvh½zvlny�i�hjÉuHy�tOz�Ú¸Ä uHÉ�hbtvtËl�u6hbÉÇtËy�ÉnÐÖzvlny�i�l�tÝzvw¿m6iFzQy&lÊÎ+x¿ovy½kbm+Ì¿h½zWhBÉÊyÖu6hbÉnlnzOÕ­tQyCh�t¦zQy&ovmfÌÖÐ>uHmØzQw¿m
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kby�ÉnÐ�ÎØmÏybÒÿzvw¿mftQmÏovm6Î+yjzvm+h�u6u6mftvtËm�t6Ú � i�tQÐ�uWwýuHovlXzvlÊufhjÉ}tQlXzvÐ�h½zvlny�i�tfÞ²ybi�mÏÎ+hUÕ­w�hUkbmØzQyx¿ovmHÒÓmfo�hØtQÉÊy½ßÿmfo�hbÉnÔ�ybovlXzvw¿Î w�hUkSlÊi¿ÔÏh(Ô�ySySÌBÎ+m6Î+ybovÕ¸ÎÏhji>hjÔbmfÎ+m6i�zfÞÖoWh½zvw¿m6oÜzQw>hji£zQw¿mÒâhbtËzQm�tOz�y�i¿mbÞ�È¿ÐÖz.tQÐ��^m6ovlni¿Ô+ÒÓovybÎ�w¿lnÔ�wCÎØmfÎ+ybovÕÛovmfø�Ð¿lÊoQmfÎØmfi�zvtfÚ ì m#w�m6ovm¦x�oQy�x>y�tËm¦zQyÌÖm�hjÉ1ßÂlXzvw¸zQw�lÊt�uHy�i�uHmfoQiÛlniÛzQw¿mÝu6h�tËm.yjÒ�oWhji¿ã+ybo�ÌÖm6zQm6ovÎ+lni>hji�zÜu6ybÎ+x¿ÐÖzWh½zQlÊybi>t ybÒ²ÉÊhboQÔ�mÌÖmfi�tËmBÎÏh½zQovl�uHmftfÚ À w�mBÔ�m6i¿mfovhbÉnlÊ×fhjzQlÊybiFzQy­zQw¿mBÒÓÐ¿ÉÊÉÿÒâh�u%zvybovln×�h½zQlÊybi�ufhbtQm¸È1m6lÊi¿Ô�ÌÖlÊovmfu%zÈ¿ÐÖz�i�yjz�Õbm6z�ÒÓÐ¿ÉnÉÊÕÛlÊÎ+x¿ÉÊm6Î+m6i�zQm�ÌeÚÀ y(lÊÎ+x¿oQy½k�m.Ì¿hjzvh(ÉnyÖufhjÉÊlXzOÕ¸hbi�Ì¸ovmfÌÖÐ>uHm.zQw¿m!tQßÜhbx¿x¿lÊi¿Ô�Þ�zQw�m.l�ÌÖmfhØl�tÿzQyØÐ�tËm!tvø�Ð�hjovmovmfuHÐ�ovtQlnk�m#È¿ÉÊyÖuWãbmfÌ­Ì¿h½zWhÏÒÓybovÎÏh½zWt � ï�p � Ú!Äák½hboQl�h½zvlny�i&yjÒ}zvw¿mZg3���ChjÉÊÔbybovlnzQw¿ÎCÞ^i�hjÎ+mfÉnÕzQw�m ó eCsR»c¼�hjÉÊÔbybovlnzQw¿Î � � � ÞÜh�Ì¿hjx¿zvtØzQw�lÊtÏl�ÌÖm�h­zvyFzQw¿m&m6ÍÖh�u%z¸u6h�tËm�ÚLÄ�ÉÊlnã�mBzvw¿m gX�[e3�hjÉÊÔby�oQlnzQw�Î ßÂw¿l�uWwLl�tÛÈ�h�tËm�Ì�ybi�h�oQm�uHÐ¿oWtËlÊkbm�tQx¿ÉÊlXzQzQlÊi¿ÔcybÒ!zQw¿m�oQy½ß ÌÖlÊÎ+m6i�tQlÊybi � tQm6mtQmfu%zvlny�i¨r>Ú ð � Þ ó eSsR»c¼°hbuWw¿lÊm6k�mft�Î+y�oQm�Ì¿h½zWh�ÉÊyÖu6hjÉÊlnzOÕ¦ÈSÕ#tQx¿ÉÊlXzQzQlÊi¿Ô.È1yjzvw¨ovy½ß Y[�'� u6ybÉÊÐ¿Î+iÌÖlÊÎ+m6i�tQlny�i�tfÚ � i>ÌÖm6m�Ì¸zvw¿mÝoQm�uHÐ¿oWtËlÊkbm¦tËx�ÉnlnzËzvlni¿Ô+ßÂlnzQw£ybi¿ÉÊÕ+zQw�m¦ovy½ß�ÌÖlÊÎ+m6i�tQlÊybi¸zvm6i�ÌÛzQyx¿ovyÖÌÖÐ�uHm½"ËkbmfoQÕBoQm�u%zWhji¿Ô�Ð¿ÉÊhbo
$ØÈ¿ÉÊyÖuWãÖtE_ÂhÏÉ�hjovÔbm#u6ybÉÊÐ¿Î+i­ÌÖlÊÎØmfi�tQlny�i­hji�Ì&hÛtËÎÏhjÉÊÉªoQy½ßÌÖlÊÎ+m6i�tQlny�i�Ú �.i�zQw�m�uHy�i�zQoWhjovÕbÞ ó eSsR»c¼Fx¿ovmftQm6ovkbm�tØzQw¿mFtQø�Ð�hboQmfi¿mftvtÏybÒ¦zvw¿m­y�oQlÊÔblÊi�hbÉÎÏh½zvoQlnÍ�ÒÓybo¸zvw¿m�Ñ�ovtËzBÉÊm6k�m6É�t6Ú ñ&ybovm­x�oQm�uHl�tËmfÉnÕòmfh�uWwLoQm�uHÐ¿oWtËlÊkbm­Énmfkbm6ÉÝuHy�i�tQlÊtËzvtÛlni htQx¿ÉnlnzËzvlni�ÔýyjÒ°zvw¿m&ÎÏh½zvoQlnÍ�lni�zvy�ÒÓybÐ¿oÏtËzvh½zvlÊuCÈ�ÉnyÖuWãÖt(ÒÓybÉÊÉny½ßÜmfÌcÈ�Õ�Ñ�kbmCovmfuHÐ�ovtQlnk�m£ufhjÉÊÉÊtzQyýÎÏhjzQovlXÍ�zvoQl�hji�ÔbÐ¿É�hjovln×�h½zvlny�i�t � î#Þ§¾¨Þ � Þÿþ¨Þ hbi�Ì  Þ}lÊiòzQw�hjz¸yboWÌÖm6oÏy�icÑ�Ô�Ð¿ovm�ò � ÞtQlXÍ óOô?õ�ö hbi�ÌýÒÓy�Ð¿o+ÎÏh½zQovlnÍ�Î¨Ð¿ÉnzQlÊx¿ÉÊlÊufh½zQlÊybi>t¨ÒÓy�oØzQw¿m£È¿ÉÊySuWãýÐ�x1Ì¿hjzQm�t6Ú � i@zQw�lÊtØÑ�oWtËz

ÁªlnÔ�Ð¿oQm\òC_9à oQlÊi�u6lnx¿ÉÊmÝyjÒªzQw¿m À î s Ù#� ÌÖm�uHy�ÎØx1y�tQlnzQlÊybi
lÊÎØx�ÉnmfÎØmfi�zvh½zvlny�i�Þ�y�i¿ÉnÕ�y�i¿m�ovmfuHÐ�ovtQlnk�m�tOzvm6x�ybÒ ó eSsR»c¼�l�t¸Ð>tËm�ÌeÞÂzQw�m­Ñ�k�m�ovmfuHÐ�ovtQlnk�mu6hbÉnÉ�tÝÈ1m6lÊi¿ÔCx>mfoËÒÓy�oQÎ+mfÌ�ÈSÕ&zQw�m�g3�[eX��hjÉÊÔby�oQlnzQw�Î£Ú+Á¿y�o¦zQw¿m¸h�u%zQÐ>hjÉ}tQln×fmØybÒÿÎÏh½zvoQl�uHm�t6ÞzQw�mØø�Ð¿lnzQmÏuHy�Î+x¿Énm6Í&lnÎ+x¿ÉÊm6Î+m6i�zWh½zQlÊybi�yjÒ Î+y�oQm(oQm�uHÐ¿oWtËlÊkbm(ÉnmfkbmfÉÊt.yjÒ ó eCsR»c¼Ïl�t¦i¿yjzÝÕbm6zÎÏhji�Ì�h½zQy�oQÕ�Ú{�y½ß�ÒÓy�o zvw¿m!uHy�ÎØx>hjovlÊtQybi�t}yjÒ�Ñ�Ô�Ð¿ovm ¨ ÞSßÜm.Ð>tËm°zQw¿m¦ÒÓÐ¿ÉÊÉ±g3�[eX�ØÒâhbuHzQybovlÊ×fh½zvlny�i¸hjÉÊÔbyb~ovlXzvw¿Î�h�t�hÏovmHÒÓmfoQmfi�uHm�ÚÜÁ>hbu%zvybovln×�h½zvlny�iBybÒ9ÎÏhjzQovlÊu6mftÂybÒÇtQlÊ×6m!È1m6ÉÊy½ß ��qbq�q¨Ñ�z°lni òÖï�pbñ&ÈyjÒ s Ä.ñýÚ À w¿mfi�g3�[eX�¸l�t�tQÉnlÊÔbw�zQÉÊÕÏÒâh�tOzvm6oÂzvw�hji ó eCs�»c¼�ÞSlnÎ+x¿ÉÊm6Î+mfi�zWh½zvlny�i£ybÒ-zvw¿m#É�h½zQzQm6ox¿ovyÖÌÖÐ�uHlÊi¿Ô�tËÉÊlÊÔbw�zQÉÊÕ�ÎØy�oQmCtvu6h½zQzQmfoQm�ÌýÔbovybÐ¿x>t6Ú�{°y½ß!ÞÇzQw¿m£Ñ�oWtËz(Ñ�mfÉÊÌcoQmfx¿ovmftQm6i�zvhjzQlÊybiuWw¿y�tËmfi � uHÐ�oQk�mft!ïØhji�Ì�p � l�t°hÏÎ+yÖÌÖÐ¿É�hjo.x¿oQlÊÎ+m#Ñ�mfÉÊÌ�oQmfx¿oQm�tËmfi�zvh½zvlny�iCÐ�tËlÊi¿Ô¸ÎÏh�uWw¿lni�mlÊi�zvm6Ô�m6oWt6Ú�Ä.t+x¿oQm�tËmfi�zQmfÌclni � �|� ÞÜhjiSÕýÎÏh½zvoQlnÍýÎ¨Ð¿ÉnzQlÊx¿ÉÊlÊufh½zQlÊybiòyÖu6u6Ð¿oQovlÊi¿Ô­lÊiczvw¿m&ÌÖmH~uHy�Î+x>y�tËlnzQlÊybiòy½kbmfoØtQÐ�uWw�h�ovm6x�oQm�tËmfi�zWh½zvlny�i�lÊt+x1m6oQÒÓybovÎ+mfÌ@ÈSÕcuHy�i�k�m6oQzQlÊi¿Ô�zvw¿mCzQw�oQmfmybx1m6oWhji>Ì¿tÜzQy+zvw¿oQmfm!mHÍSzQoWhyø�y�hjzQlÊi¿Ô+x>y�lni�z�ÎÏh½zvoQl�uHm�t6Ú À w¿lÊt�ÎØmfÎ+ybovÕ¸y½kbmfoQw¿m�hbÌÛlÊt�u6oQlnzË~l�u6hjÉ9lÊi­y�Ð¿o!uHybÎ+x�hboQl�tQybi�Ú ó eSsR»c¼�Þ>w>hUk�lÊi¿Ô£h¸È1mHzËzvm6o#Ì¿hjzvhÛÉnyÖu6hbÉnlnzOÕ�hji>Ì�Ð�tQlni�Ô£tvø�Ð�hjovmÈ¿ÉÊyÖuWãSt¨ßÂw¿m6i�m6kbmfo#x1y�tvtËlÊÈ¿ÉÊmbÞ9oQm�ø�Ð¿lnovmft¨tËÎÏhjÉÊÉÊm6o!zvm6Î+x>y�ovhboQÕ�ÎÏh½zQovl�uHmft#zQw�hbi�zQw¿mBÉÊhboQÔ�mhji>ÌÛk�m6ovÕÏoQm�u%zvhbi¿ÔbÐ�ÉÊhboÜÈ�ÉnyÖuWãÖtÜÐ�tËm�Ì£lni7gX�XeX�^Ú À w¿m6ovmHÒÓy�oQm�Þ�ÒÓyboÂÎÏh½zvoQl�uHm�t�yjÒ-y�ovÌ¿m6o�y½kbmfo�bq�qbq�Þ
gX�[eX�Ïw�hbtÂzQy¸tQßÜhbx£hØÉÊyjz�ßÂw¿lÊÉnm ó eCsR»c¼(oQmfÎ+hblni>t�ÎØy�oQmÝlÊi s Ä°ñýÚ À w¿l�t�lÊt�tËzQovlÊã�~lÊi¿ÔbÉÊÕCzQovÐ¿m(ÒÓyboÝÎÏh½zQovl�uHmft.È1mHzOßÜm6m6i��bq�qbq¸hbi�Ì �aòjq�q¿Þ^ßÂw¿m6ovm ó eCsR»c¼¸ÎÏhbi�hjÔ�mft°zQy£ãbm6mfxlnzvt�zvybxCtËx1m6m�ÌeÚ
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TURBO vs LQUP for rank computation over GF(101) on a P4−2.4Ghz, 512Mb RAM

(1) TURBO using Givaro−ZpZ
(2) LQUP using Givaro−ZpZ

(3) TURBO using modular<double>
(4) LQUP using modular<double>

ÁªlÊÔbÐ¿ovm ¨ _ À î s Ù#��kbmfovtQÐ�t�Ã&ñ�î.à@ÒÓyboÂybÐ¿z�yjÒÇuHybovm¦ovhbi¿ã
À yÝhbÉÊtQyÝoQm�ÌÖÐ�u6m�zQw¿m�Î+mfÎØy�oQÕ¨y½kbm6ovw¿m�hbÌ¨Ì¿Ð¿mÂzQyÝzvw¿m�uHy�iSkbm6oWtQlny�i�t-zQy�ø�y�h½zQlÊi¿ÔÝx1yblÊi�ziSÐ¿Î¨È1m6oWtfÞ�ybi¿mÏufhjiFÐ�tËm+zvw¿m ö �����
��� ô�	 �S���
�
���S� Ñ�mfÉÊÌFovm6x¿ovmftQm6i�zWh½zQlÊybi²Þ�hbt!ÌÖm�tQu6oQlÊÈ>m�ÌlÊictËm�u%zvlny�icpÖÚ À w¿mfoQmBhjÈ�tQybÉÊÐÖzQmfÉnÕFi¿y­hbÉnÉÊyÖu6hjzQlÊybiýl�t(ÌÖy�i¿m¸È1mftQlÊÌ¿m¸zQw�mÛlÊi¿lXzvlÊhbÉÿÎÏhjzQovlXÍtËzQyboWhjÔ�mbÚ0�.iòzQw¿m�ybi¿m�w>hji�ÌeÞÂx1m6oQÒÓybovÎÏhji�u6mftÏlÊi�u6oQm�hbtQmCtQlÊi�uHm&zvw¿m�u6ybiSkbmfovtQlÊybi�tÏhbi�ÌuHy�xSÕØhboQm�i�y#Ény�i¿Ôbmfo x1m6oQÒÓybovÎ+mfÌeÞ�hbtÿÉny�i¿Ô¨hbt}zQw¿m¦uHy�ÎØx�ÐÖzvhjzQlÊybi�t oQmfÎ+hblniÏlÊi s Ä.ñ � tQm6muHÐ�oQk�mft²ð°hji�Ì!r � Ú(�.iÝzQw¿mÜyjzvw¿m6o-w�hji�Ì�Þfzvw¿m Î+mfÎØy�oQÕÝuHy�Î+x¿Énm6ÍÖlXzvlnm�t²ybÒ¿È>ybzQw¨hbÉnÔ�ybovlXzvw¿ÎÏti¿y½ß�È>m�uHy�ÎØm&l�ÌÖmfi�zvlÊufhjÉ<Ú
Á�Ð¿oËzvw¿m6ovÎ+ybovmbÞÿzQw¿l�tÏÒÓÐ�ÉnÉÊÕclÊiÖ~=x¿ÉÊh�uHm&lÊÎ+x¿ÉnmfÎ+m6i�zvhjzQlÊybi�ÌÖySmfti¿ybz°uHovmfh½zvm#tËÎÏhbÉnÉ�È�ÉnyÖuWãBu6ybx¿lÊmftÂhbiSÕ�Î+y�oQm�Ú àÇhjoWhbÌÖyUÍÖl�u6hbÉnÉÊÕbÞ�zQw¿l�t�x�oQmfkbm6i�zWtÜzQw¿m#kSlÊoËzvÐ�hjÉÈ¿ÉÊyÖuWãSt¦ÒÓovybÎ Ñ¿zËzvlni¿ÔClÊiFzQw¿m s Ä.ñýÞ�tQlni�u6m+zQw¿mfÕ­hjovm.ÆOÐ�tOz¨h£kSlÊm6ßáybÒÿzvw¿m+ÉÊhboQÔ�m(lÊi¿lnzQl�hjÉÎÏh½zvoQlnÍeÚ¨Á¿y�o.zvw¿l�tÝoQm�hbtQybi�Þ^È1yjzQw�x>mfoËÒÓy�oQÎÏhbi�uHmØÉny�tQtQmft¦hjx�x>m�hjo¦ÒÓyboÝÎÏh½zvoQl�uHm�t°ybÒÿyboWÌÖmfohjovybÐ�i�Ì'��qbq�q¿Ú ð°y½ßÿmfkbm6o�Þ}zvw¿m­ÌÖovybx�l�tÏÉÊy½ßÿmfo+ÒÓybo ó eCsR»Z¼FzQw�hbi¿ãÖt+zQy�zvw¿m�ovmfuHÐ�ovtQlnk�mÈ¿ÉÊyÖuWãbmfÌ£Ì¿hjzvh(ÒÓybovÎÏh½zvt�x�oQyÖÌÖÐ�u6lni�ÔØÈ1mHzQzQmfo°Ì¿h½zWhØÉnyÖu6hbÉnlnzOÕbÚÀ w¿l�tÛÈ1m6w>hUk�lÊyboByjÒ¨u6ybÐ¿oWtËmFuHy�iÖÑ�ovÎ+t¸zQw�hjzCh�tBtQySybi�h�tÏzvw¿m s Ä°ñ l�tÛÒÓÐ¿ÉnÉ<ÞÝÌ¿h½zWhÉÊySufhjÉÊlXzOÕ£È1mfuHy�Î+mft.ÎØy�oQm(lnÎ+x1yboQzvhbi�z°zQw�hbi­Î+m6Î+ybovÕCtQhUk�mftK_ ó eCsR»Z¼¸y½kbmfo��¦lÊkUhboQyb~  x¿×l�t¦zQw¿m+Òâh�tOzvmftËz!ÒÓybo!ÎÏh½zvoQl�uHm�t.ybÒ�tQlÊ×6m+È¿lÊÔbÔbmfo¦zQw�hbi���qbq�q¿Þ�ÌÖm�tËx¿lnzQm+lnzvt!È�lnÔ�Ôbm6oÝÎ+m6Î+y�oQÕÌÖmfÎ+hbi�ÌeÚ À w¿l�tÂl�tÂhbÌÖk�yÖu6h½zvlni�Ô¨ÒÓÐ¿oQzQw�m6o�Ð�tQmft�ybÒªovmfu6Ð¿oWtËlÊkbm¦È¿ÉÊySuWã�mfÌ£Ì¿h½zWh(ÒÓybovÎ+hjzvtÂhbi�ÌyjÒ9Î+ybovm.ovmfu6Ð¿oWtËlÊkbm¦ÉnmfkbmfÉÊt�ybÒ ó eCsR»Z¼�Ú¿ ó ¼ �%ÀjÁ ê æ º æ »½ö � � ¼ � º Á � � � æ »½¹ æ

À w¿mFgX�[e3�CÒâh�u%zvybovln×�h½zQlÊybi�hji�Ì­zQw¿m óOô?õ�ö oQy�ÐÖzQlÊi¿mft¦ovmfÌÖÐ>uHmØzQyCÎÏh½zvoQlnÍ�Î¨Ð¿ÉnzQlÊx¿ÉÊlÊufh½zvlny�ihbt}ßÿmÂw�hUk�mÂtËmfm6i+lni+zvw¿m�x¿ovm6kSlÊybÐ�tÇtQmfuHzQlÊybi�tfÚ À w¿m6y�oQm6zQl�u6hjÉÊÉÊÕbÞbh�t9Î+hjzQovlXÍØÎ¨Ð¿ÉnzQlÊx¿ÉÊlÊufh½zvlny�iovmfø�Ð¿lÊoQm�t9p � £ ¨ � § hjovlnzQw¿Î+mHzvlÊuÜy�x>mfovhjzQlÊybi�tfÞUzQw¿mÜÒâh�u%zQy�oQlÊ×fhjzQlÊybi�Þ½ovmfø�Ð¿lÊovlni¿ÔÝh½zÇÎ+y�tËz §£ � £hjovlnzQw¿Î+mHzvlÊu�y�x>mfovhjzQlÊybi�tfÞbu6ybÐ¿É�Ì+È>m.uHybÎ+x¿Ð¿zQmfÌØlÊi¸hjÈ1ybÐÖz
�£ yjÒ1zQw¿m�zQlÊÎØm�ÚÇ{�y½ß!Þjzvw¿m�ÎÏh½~zQovlnÍ£Î(Ð¿ÉXzvlnx�Énl�u6hjzQlÊybi�ovybÐÖzvlni�mÃÂ
u � öOö ybÒÇÁ9Á9Ã²Ä¦ÅCx�h�uWãUhbÔbm#ufhji�uHy�Î+x¿ÐÖzQmæòjqbq�q � òjqbq�qÎÏh½zvoQlnÍ­Î¨Ð�ÉXzvlnx¿ÉÊl�u6h½zvlny�i�t!lÊiýybi¿ÉÊÕ ¨O� û ò8�£tËm�uHybi>Ì¿tÝybiýh�pÖÚ ra��ð°×+x>mfi�zvlnÐ�Î r>Ú À w¿l�tÝlÊthbuWw�lnmfkbmfÌ�ßÂlnzQw@x¿lÊx>mfÉnlÊi¿lÊi¿Ô�ßÂlnzQw�lniczQw¿m£à}r­x�oQyÖuHm�tQtQybo(hji�ÌýßÂlnzQw@kbmfoQÕFÔbySyÖÌ�x>mfoËÒÓy�oË~ÎÏhji�u6mftÇybÒ^zQw¿m°Ù�Ã-Ä.Å^Ú À w¿l�t}uHy�oQovmftQx>y�i�Ì¿tªzvy¨ðbð�qbq¦Î+lnÉÊÉnlÊybi>t}yjÒ^Ñ�i�lXzvmÂÑ�m6É�ÌÏhjovlnzQw¿Î+mHzvlÊuybx1m6oWh½zvlny�i�t.x>mfoÝtQmfu6ybi�Ì�tyï ì mfÉnÉ<ÞezvhbÈ¿ÉÊm
òBtËw�y½ß�t°zvw�h½zÝßÂlnzQw �î��� ÎÏh½zvoQl�uHm�t°ßÜm+hjovmi¿ybz�kbm6ovÕ+Òâhjo�ÒÓovybÎ zQw¿m�tËm#ø�Ð�h�tËln~<y�xÖzQlÊÎÏhjÉ^x1m6oQÒÓybovÎ+hbi�uHm�tÂhjÉ�tËy(ÒÓybo�zvw¿mÝÒâhbuHzQy�oQlÊ×fhjzQlÊybif_

ñ&y�oQmfy½kbm6o�ÞªÒÓoQy�Î"zQw�mBzOßÜyFoQy�ÐÖzQlÊi¿mftfÞ y�i¿mCu6hji�hjÉ�tQy�m�hbtQlnÉÊÕ�ÌÖm6ovlÊkbmCtËmfkbm6oWhjÉÜyjzvw¿m6ohjÉÊÔby�oQlnzQw�Î+t�_
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