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\	]_^%`Zacb�d,egf%hjika�lnmpoqisrika%l
atur%vqlkr%wjl1xzy{`0|Lmplnis}{wja
~X�zmq��at5�5��f%hLv�ik�za

�5v��_�Lmp��t5��a���a�r�]ja���r�]_a�hc���p�����/d��qwjikh?b��p�pb�d����*�_v�opa�x

�������%�'�j���p #¡ a#x�t�vq��t¢inh2t�]jisxXt�a£�t¢¤�intz]�vc¥qa%��ycopa%hja��zisr���a%¦_hjintzikmqh�mq§3¨_mpv�tzikhjo��Lmpinh{t	x�y�x�tza%`2x�© ¡ a#xz]jm'¤
tz]Lv'tu��wLx�tZvª§«a%¤¬¥pa%��yPh_v�tzwj��v�l¢hja�r%a�x�xzvq�zy�rmph_��intzikmqh_x0v���a�x�wj2r%ina�h{tctzm?§«m�r%w_x*��m'¤�h®tzmPt�¤¢mPr%lkvpxzxza�x�m�§
ik`*�_lna�`*a�h{tza���¨_mpv�tzikhjo��Smqikh{t	vq�zintz]j`Za%tzisr�©E¯�v�tza%�N°{¤¢a#�j�zm'¥pa�tz]Lv't�°{§«mp�±vqlnlLtz]ja#a£�isx�t�inhjo0in`Z�jlka%`Za�hpt�v't�inmph_x%°
]jikoq]ªlka%¥pa%l��_�zmp�La���t�inaNxuxzw_r�]?vqxg²{tza��z|Sa%hj³p´ xutz]_a%mq��a%`µv���a�x�v'tzisx�¦_a��3© ¡ a�¦Lhjikxz]ªt�]jikxutza%£�t#|�y�§«m�r%w_x�ikhjo�mph
tz]_a���i·¶Aa%��a%hLra�xg|Sat�¤±a%a�h�vqh/¸º¹X¹�¹E»��q¼'�ªrmp`Z�_v't�in|jlkaZwjhjintcv�h_��\�a£jvqxg¸ºh_x�tz��wj`Za%h{t�\�½P²_¾q²�½?�ª�pbq�{¿±��£
��ikoqint�vql�xzinoph_v�l��j�zm�r%a�x�x�ikhjo�rik��rwjint5tz]Lv't#isx#�zaNrmq`Z`Za%hL��a���§«mp�#vÀ¥�inmphjisr%x5vqh_�Q`Zinlki·t�v���y�vq�j�jlkikr�v't�inmph_x%©5\	]_a
��a�xzwjl·t�x��j��a�xza%h{tzaN��inh®t�]jikxctza%£�tc]_vÀ¥qaZ|Sa%a�hÁ¥'v�lkik�jv�tzaN�/|�y/tz]jaQ¿¢m�}/v�w�t�mq`2v't�ikr��j�zm�mq§	r�]jaNr�Âqa��Ãtzm?|jw_inls�
rmph�¦L��a�h_raÃ§«mp�ulsv't�a%�5ik`Z�jlna�`Za%h{t�v�tzikmqh_x�ikh?r��intzisr%v�l�x�y�x�tza%`2x#x�w_r�]ªvpx5v�h?vqin��r��v'§Ät	¨_ikoq]{t#r%mqh{tz��mql3�j��ik`Zvq�zy
mq�5xza�r%mqh_�_v���yZr%mq`Z�jw�t�a%�N©
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	�� �  � mqw_xXr%mq`Z`Za%h��%mqh_x�r%a	tza£�t�a��_v���wjhja5�jf¦_hjintzikmqh*t��z^Nx�oqf%h_f%��v�lka±��aNxXxzy�x�tz^�`Za�xE��a	��a%�j��f�xza%h{t�v�»
tzikmqh*��a�x�hjmp`c|j��a�x��u¥�ik�zopwjlkaX¨_mqt�t�vqh{tzaq© � mpw_x�`*mph{tz��mqh_x�}pw_a±}{wja�lk}{wjaNx�r%mqh_��intzikmqhLx�hLv'tzw_�za�lnlka�x��La��z`Za%t�tza�h{t
��auxza5��a�x�tz��a%ikh_����a�����a%wj£*op��vqh_��a�xEr%lkvpxzxza�x���auxzy�x�tz^�`Za�xXik`Z�jlsv�h{tzfNxX��a5hjmqt�v�tzikmqh��Ã¥�in��oqw_lna	¨_mqt�t�v�h{tzap©�~Evq�
lsvcxzwji·t�aq°�hjmpw_x±�j�zmpwj¥qmph_xElsvc¥'vqlnis��intzf#�ja#�j��mq�_�zikft�f�x��ja#]_vqw�t	hjin¥pa�vqw2tza�lnlka�x±}{wja#lka5t�]jf%mp�z^�`Za#��a�²{tza��z|Sa%h_³
�Smqwj��t�mqw_x�lnaNx�x�y�x�tz^%`ZaNx�in`Z�jlsv�h{t�f�x�© � mpw_xÃ¦_hjisx�x�mph_x�raZt�a£�tza2�_vq��wjhja�r%mq`Z�_vq��vqikxzmqh/a%h{tz��aZwjhja�wjh_i·t�f
rmp`Z�_v't�in|jlkag¸º¹X¹X¹ at	lnaÃrik��r%wjint	��a#tz��v�intza�`Za%h{t±h�wj`Zf��zis}{wja#��w�x�ikoqhLv�lA\�½P²_¾�²j½?�Z�pb���¿±�'£*�zaNrmq`Z`2v�hL��f
�Smqwj�¢l=´ vÀ¥�inmphjik}{wjauat¢lka�x±v��_�jlnisr%v�tzikmqh_xX`*iklki·t�v�ik�zaNx%©E¯1aNxX��f�xzwjlnt�v't�xX�j��f�xza%h{t�f�x��_v�h_x¢ra5t�a£�tza#mqh{t�f%tzfu¥'vqlnis��f�x
�_vq��l=´ mqwjtzikl���a�¥pf%��i·¦Lr�v't�inmph/��a��_�za�wj¥qaNxc¿¢m�}P�Lmpwj��wjh_a�x��_�za%tzf2vqr�r��wja�rmp`*`Za�r%a%lsvªx%´ vÀ¥q^��za*hjf�r%a�x�xzvqin��a
�Smqwj�*��a�x*v��j�_lnisr%v�tzikmqh_xÃt�a%lklnaNx0}{wja�l=´ mq����ikh_v't�a%wj���_�zik`2v�ik�za�mpwÁx�aNrmph_�jv�ik��a���a�r%mq`Z`2v�h_��aNx���a�¥qmql±�3´ wjh
vÀ¥�inmph1©
��Ê ��� È ��� �   \���vqi·t�a%`Za%h{t�h�wj`Zf%��ik}{wja���wªxzinoph_v�lÙ°��uik�zopwjlka#¨Lm�t�t�v�h{tzap°j��¥�ikmqhjis}{wjaq°�~��za�wj¥qag§«mq��`Za%lklnap©
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¸ºh �����À�L°	²{t�a%��|La�hj³76êb��#8g�j��a�xza%h{tzaN� v tz]ja�mq��a%` vq|Lmpw�t�t�]ja?a£jvprât�xzwj|�t���vprâtzikmqh mq§gt�¤±m®¨_m{v'tzikhjo �Smqikh{t
h�wj`c|Sa%��x:9?v�hL�<;�¤�]ja%h�tz]_a%y�vq�zaÃ¥qa��zy�r%lnm{x�aÃmphjag§«�zmp` v�hjmqtz]ja���°�t�]_v't5isx

;
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\	]ja�t�]ja%mp�za�`(x�t�v�tzikhjo2tz]Lv'tB9<CD;�isx5a£jvprât5wjh_�ja%�5t�]jac�_�zaNra��jinhjo�r%mqh_�ji·t�inmphª¤±vpx��j��a�xza%h{tzaN��§«mp�#vqh{y
��vq��in£��j��m'¥�ik��aN�2t�]ja�]_v�����¤	v���au¤	vqx	vqr�rwj��v't�a#a�hjmqw_oq]1©X½ªmp�zag��a�ra�h{tzlkyq°�m�t�]ja%�5vqw�tz]_mq��x(6 Ej°3�N�#8��j��a�xza%h{t�a��
xzin`Ziklkvq���zaNx�wjlnt�x	¤�intz]ªvqh�a�`*�_]_vqxzikx	mph��jik�jvprât�ikr�vpx��Sa�rt�x�©

¡ a±]LvÀ¥qa	�zaNrmpoqhjik³%aN��ikh<6 F 8�t�]_v't¢²{t�a%��|La�hj³q´ x�t�]ja%mp�za�`�ikx�h_m�tXvg�j�zmp�La���t�ycm�§_t�]ja5rmp`Z�jw�tzikhjoÃ]_vq����¤	v���a
|jw�t���v't�]ja%�Ãv��_�zmp�La���t�yªmq§Xtz]ja*¨_m{v't�inhjo��SmqikhptÃh�wj`c|Sa%�Ã��a%�j��a�xza%h{t�v'tzikmqh�©cegin¥pa%hG9 vqh_�H;A°3t�]ja2}pw_a�x�tzikmqh
isx	tzm2Â�hjm'¤ ¤�]jat�]ja%��mp��hjm�t+9ICD;�r�v�hQ|Sa��za��j�zaNx�a�h{tza���inhQt�]ja�¤±mq��Â{ikhjo0¨_mpv�tzikhjoZ�Lmpinh{tuxzy�x�t�a%`Q©X\	]jisx�ikx
rlka�vq�zlky*tz]jagÂqa�yZhja�r%a�x�xzvq�zyZrmph_��intzikmqh�§«mp��t�]jagin`Z�jlka%`Za%h{t�a��2¨Lmpv't�inh_oc�Smqikhpt�xzwj|�tz��vqrtzikmqhI9KJG;Ztzm*�za%tzwj��h
tz]_a�a£jvqrt	��a�xzwjlnt,9IC";A©

¡ intz]2¸º¹X¹X¹X»ÙlkinÂpa5|Sa%]_vÀ¥�ikmq�N°qv�h�y�¨Lmpv't�inh_o��Lmpinh{t�mp�La���v�tzikmqh*ikx¢rw�t¢�jm'¤�h0t�mÃt�¤¢m�x�tza��_x�©��uh�inh{t�a%��`*aN��in»
v't�au��a�xzwjlnt�ikx�¦_��x�t	rmp`*�_w�tzaN�Ztzm*x�w��r%ina�hpt	vqr�rwj��vqr%y0v�hL�Ztz]ja�h���mqwjhL��a��3©�\	]jag��a�xzinophja%�¢`cw_x�t¢opw_v���v�h{t�a%a
tz]Lv't�tz]_a�x�y�x�tza%` v�lk¤±vÀy�x¢�za%tzwj��h_x±t�]ja��zaNx�w_l·tuvpx	i·§�tz]ja�ikh�¦_h_i·t�a%lky��j��a�r%ikxzaÃ`Zv�tz]ja�`2v'tzisr%vql3mq�Sa%��v't�inmph�¤±a%��a
��mqwjh_�ja��3©QÎjmp��a£jv�`Z�jlkaZtz]_a�x�w_|�tz��vqrtzikmqh®ikxcin`Z�jlka%`Za�hpt�a�� vpxÃtz]ja�rmq`Z�Smpxzi·t�inmph®m�§	t�¤¢mª`2v�tz]ja�`Zv�tzisr%vql
§«wjh_rtzikmqh_x�°jh_vq`Za%lkyq°�tz]_a�x�wj|jtz��vqrât�inmphDL�CBM	v�h_��tz]_a�w_x�a��5x��Sa�r%i·¦La����zmpwjh_��ikhjo0§«wjh_rtzikmqh7LNOM

9PJ7;RQSNUTV9WC";�X�@
\	]jaQ��at�v�iklkx*mq§5tz]ja�ik`*�_lna�`*a�h{t�v't�inmphUvq�za�hjm�tZ�za�lna�¥'v�h{t0t�mPt�]ja�w_x�a��2x�ikh_ra�Â�hjm'¤�ikhjoªtz]_a���mqw_h_��ikhjo

§«wjh_rtzikmqhUikxZxzw��rika%h{t0t�m��ja���w_r%a�t�]ja�¥Àvqlnw_a���at�wj�zh_a�� |�yÁv�h�y®mq�Sa%��v't�inmph1©?Yuxza%��xcw_xzw_vqlnlky a£��Sa�rât*tz]_a
��mqwjh_�jinhjo�§«wjh_rtzikmqh/tzm�|LaZv�`Zmphjm�t�mqhjmpw_x�L:hjmqh���a�r%�zaNvqxzinh_oZM��_�zmq��a�rât�inmph?m�§�tz]jaZ��a�v�l�h�wj`c|Sa%��x#m'¥qa%�#tz]_a
xzat5m�§�tz]_a�`2vqr�]jikhjaÃ¨_m{v'tzikhjoZ�Smqikhpt5h�wj`0|La���x�©¢\	]_a�lkv�tza%�u�j�zmp�La���t�y�in`Z�jlkinaNx	tz]Lv't�§«mq�#v�h�y�¨_m{v't�inhjoZ�Smqikh{t
h�wj`c|Sa%�,[S°

NUT�[/X1Q\[0@
¹�x�t�vq|jlnisxz]jinh_oZ²{t�a%��|La�hj³q´ x±a�}{w_vqlnint�y2��m�a�x±hjm�t	��a�}{wjik�zagv�h�y2vq�j��intzikmqhLv�lAÂ�hjm'¤�lnaN��oqaumqh�t�]jaÃ�zmpwjh_��ikhjoc§«wjh_râ»
tzikmqhQ�j��m'¥�ik�ja���int5isx5v*�j�zmq��a�rtzikmqh1©

¸ºh ²�a�rât�inmph bj°X¤¢aQ��aNxzr%�zik|La�`Zmq��a��_�zaNrisx�a�lny®mqw_�c§«mp�z`2v�lkik³�v't�inmphÁm�§utz]ja�¨_m{v'tzikhjoq»Ù�Smqikh{t*xzy�x�tza�`Q©Á¸ºh
²�aNrâtzikmqh���¤¢au�jikx�rw_x�xXÂpa%y*�j��mq�Sa%�ztzika�xEmq§St�]jisx¢xzy�x�t�a%`Q©�\	]_au�j��mq�Smpxza��*��a%�j��a�xza%h{t�v�tzikmqh*ikx�¥qa��zy*�zaN��wjh_�_v�h{t
|jw�t±¤¢au¤�inlklSxza%a5tz]_v�t±v�h�y0`Zvpr�]jikhja5h�wj`c|Sa%�±]_vpxXmqh_aux�ikhjoplnaur�v�hjmphjisr%v�l_�za��j�zaNx�a�h{t�v't�inmphct�]_v't	r%vqh2|La#w_x�aN�
ikh�]_vq����¤	v���aq© ¡ ag¤�iklnl3}{wjisr�Â{lky*�j�zaNx�a�h{t�tz]Lv't�v�¨_m{v'tzikhjo0�Lmpinh{t�x�y�x�tza%` `0w_x�t	]_vqh_��lka#��a�hjmq��`2v�lSh{w_`c|Sa%��x
ikh*mp���ja%��tzmÃ¥qa��zin§«y0²{t�a%��|La�hj³q´ x�tz]_a%mq��a%` mqh*¥qa%��y�xz`Zvqlnl�h�wj`0|La���x�©�Î�ikh_vqlnlkycvqx�t�]ja�a£�isx�t�a%h_r%a	m�§Svghja�opv�tzikmqh
¤�iklnlS|LaNrmp`*agÂqa�yct�m*²{t�a%��|La�hj³q´ x¢tz]ja�mq��a%`Q°{¤¢a#¤�inlklL�_�zaNx�a�hpt	vcx�tz��mqhjochja�r%a�x�xzvq�zy*v�h_��xzw��rika%h{t	rmqhL��i·t�inmph
§«mq�5v*opa%hja��zisrgh{w_`c|Sa%�5xzy�x�tza�`¬tzm2|Sa�x�t�v�|_lnaÃ|�y�hja�opv't�inmph1©

²�aNrâtzikmqh����j��a�xza%h{t�x�mqwj�±�zaNx�w_l·t�x�v�|Smqwjt	²{t�a%��|La�hj³q´ xXt�]ja%mp�za�`¬v�h_�Z��a%lsv't�a�x�tz]ja�` t�mc��a�vql_]_vq����¤	v���a�ik`0»
�jlka%`Za%h{t�v'tzikmqhLx%© ¡ a�]LvÀ¥qa±§«m�rw_xza��*mqhZ¸º¹X¹�¹ ��¼��gx�t�vqh_�jv����0in`Z�jlka%`Za%h{t�v'tzikmqhLxXv�h_�*mphZ\�a£jvpx�¸ºh_x�t��zw_`*a�h{t
\�½P²®�{b��{¿±��£/xza%��inaNx���a�x�r��ik|LaN�/ikh�²�aNrâtzikmqh�¼�¤�intz]�i·t�x�`Zinlkint�v���yPop��vp��a2�j��m�ra�x�xza�x�©�\	]ja�²�½P�P�pbq�{¿±��£
rik��rwjint�x*r%vqh |La�w_xza�� ikh�vÀ¥�inmphjisr%xcvqh_� `Ziklnint�vq�zy v��_�jlnisr%v�tzikmqh_x0x�wLr�]Ávqxctz]ja�¨_inop]{t*rmph{tz��mql��_�zik`2v���y/mp�
xza�rmph_�jvq�zy rmp`Z�jw�tza��HL:Î�¿¢~±¿ ¾/Î�¿	²L¿:MW6k�%�%8Ù© ~Evqx�t�x�t�w_��ika�xZ]_vÀ¥pa��j��m'¥qaN�®tz]Lv't�v�h v�w�t�mq`2v't�ikr��j��m�m�§
r�]jaNr�Âqa%�	`0w_x�t5|Sa�w_xza���§«mq�5xzw_r�]ªr��i·t�ikr�v�l1xzy�x�t�a%`2x�6n�]F#8Ô©X\	]jikx	¤±mq��Â�a�h_�jx	¤�intz]ªrmph_rlkw_��ikhjoZ�za�`2v���Â�x	vqh_�
�Sa%��x��Sa�rtzik¥qa�x±§«mp�	§«wj�ztz]ja��5��a%¥pa%lkmq�j`Za%h{t�x%©
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�5lklStz]ja#�zaNx�w_l·t�x�]_vÀ¥pa�|La�a%h���a%¥pa%lkmq�Sa��2v�hL�2¥'v�lkik�jv�tzaN�2w_xzinhjo2¿¢m�}<6k�q��8Ù©�¸Ôt¢isx±v�tz]_a%mq��a%`¬r�]jaNr�Â�inhjo�xzy�x�t�a%`
|_vpx�aN��mphQtz]jaZ¿¢wj�z��y{»baum'¤±vq����ikxzmq`Zmq���j]jisxz`�©	²�y�x�t�a%`2x5lkikÂqa0¿¢m�}�vqlnlkm'¤ t�]ja�w_xza%�5tzm���a%¦_hja�h_a%¤�mq|���aNrât�x
v�hL�*tzm0�ja%��in¥paurmph_x�aN}{wja%h_r%a�xEmq§Atz]jaNx�ag��a¦_h_i·t�inmph_xX§«mp�z`2vqlnlkyc¤�]jiklka#r�]jaNr�Â{ikhjo�a�¥qa%��yZ��at�v�ikl=©�\	]jaÃ¿¢m�}ctzm�mql
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Compare exponents

Shift mantissa

Add mantissas

Test result mantissa

Special case: zero

Test exponent

Special cases

Overflow Underflow

Renormalization

single precision computation

extended precision computation

For more details, refer to [23].

Set result

RND instruction
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