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¥/¦E§�¨�©�ªY«S¨\¬ ­¯®*°E®L§�«S©g±²¦U®³ª8´Eµ¡ªY¨�±²¶E·�¸�µ¡±²¶B¨3ªY©g±²¨�¹Eº»®Q¨�±²«
¼ ¶E±²¨%½\¾�¿	ÀÂÁ�ÃÄ¹E±²«�¹Å§ ¼ ¸E¸Uµ¡©g¨�§Â§�¨�ªn¨�±²«Æ§�«�¹E®L° ¼EÇ ±È¶E·�¦>ÉÊª ¼ ¨�µ�Ë
º8ªY¨�±È«
¸EªY©gª ÇÈÇ ® Ç ±ÈÌS±È¶B·Í«Sµ�º8¸E± Ç ®L©�ÎÐÏÑ¹E±È§8¾�¿	À °E®Q§�±È·¡¶E®Q°Ò¨�µ
ÃÑµ¡©gÓÔÃÄ±²¨�¹_Õ¡Ö¡×¯Ø�Ì
« Ç µl«�ÓÔÃÄ±²¨�¹_¨�¹E®ÊªY§�§�±²§�¨�ªY¶E«S®Êµ¡ÙÄÚTÛ�¥
§�ÉC¶C¨�¹E®Q§�±È§:ªY¶E° Ç ªnÉYµ ¼ ¨:¨�µCµ Ç §�Î	À�¶E°E®Q©T¨�¹E®	« Ç µ>«gÓ/©gªY¨�®Ñ«Sµ¡¶E°E± Ë
¨�±Èµ¡¶EÜÝ±²¨ÑªY¸B¸Ý®Lªn©g§-¨�¹Eªn¨-¨�¹E±È§-¾�¿	ÀÞ©g®Lß ¼ ±²©g®L§ÑªY¦Uµ ¼ ¨-à¡á¡Ö¡ÜÈÖ¡Ö¡Ö
·¡ªY¨�®L§ÊªY¶E°âº8ªY©gÓC§äã�Î²áå×Í¾�æxç�¿�èéÃ3±È¨�¹â¨�¹E®¯« Ç µl«�Ó Ç ®Lê�® Ç
§�±²º ¼EÇ ªn¨�±²µ¡¶EÎ
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õ �irq�lh%|l %�Êf�rÄfipedg�%pqs�rqh8dgkC�l�%kl~�dÂrq�ld÷ö�ø¡ùlú=vBdgoqyûhLoq{&�%kC~gd
h%yxrq�lde{�|l�ir�fivloqhn~�dgpqpühLo�h%kl�is÷ý¡sÆ�%þCþlfikl &{&�%k¡sÆvCoqhY~gdgpüpqfikl &| �
klfirqp � fir³fipÆþlfiÿ&~g|C��r³r�h dg�¡vl�ih%f�rMø � ø������	�BøävBdgoqyûhLoq{*�LkC~gd�yÈh%o
|lpüdgoqp3�	firq�lh%|lr3pü|lvlvBh%oqr3h%y��%|Cr�h%{&�%rqf�~�vl�%oq�%�i��dg�if�
gfikl ÷~gh%{&vCf�� �
dgoqpQw � hS�Wdgm%d�o � pq|C~��ä~gh%{&vlfi��d�oqp/�l�Lm%d&ýEdgdgk=rq�%f��ih%oqdgþÅyûhLo/d�� �
fipqrqf�kC /{Â|C��rqfivloqhn~gd�pqpqh%oqp+�	�lfi~��³�%oqd-þCdgpqfi %kldgþ÷�	fir��ChL|CrW~g�%oqd-h%y
rq�ldg{;�+dg����w � �ld&{�|l�irqf�vCoqhn~gdgpqpüh%oepüsYpqrqdg{ õ }Ýz õ
�ûõ þCmS�%kC~gdgþ
}l~��Cdgþl|C��fikl  hLoqfidgklr�d�þ zÝh%{&vC|lrqdgo õ oq~��lfir�d�~grq|loqd��»�l�%paýEdgdgk
vloqh%vBh%pqdgþâýl�%pqdgþâh%k�rq�ldafiþld��_rq�l�%räkChLrÊrq�ldavC�%oq�L�i�idg�if�
�f�kC 
pqh%yûr��T�%oqdÊf�p»r��%fi�ihLoqd�þ�yûh%o8{&�%~��Cf�kCdgp � ýl|CrÆ�Ô{�|l�irqfivloqhn~gdgpüpqh%o
pqs¡pqrqdg{;pq�lh%|l�iþ=ýEd*þldgpüf� %kCdgþ=rqh8{&�%�nd&r��Cd*ý>d�pqre|Cpqd*h%yWvl�%o �
�%���idg�if�
gfikl Êpqh%yûr��W�Loqd¡w � �ld÷ %h%�%�	h%y õ }xz õ püsYpür�d�{!fip�rqhÊdg� �
vl�ih%fir-vC�%oq�L�i�idg�if�pü{ h%yTrq�ldÂ|Cpqdgoevloqh% %oq�L{;fikÊmQ�%oqfihL|Cp3�idgmYdg�ip-h%y
 %oq�%k¡|l�i�Loqfir�s³ýls³pq~��ld�þl|l�ifikl ��%r	~�hL{&vCf��id�rqfi{&dÄ�	firq�»�%|lrqh%{&�Lr �
fi~e{/|C��rqfi Loq�%fik»vl�%oq�%�i��dg�if�
gfikl *~gh%{&vlfi��d�o	�%klþ»pü~��ldgþC|l�idgo�� ����� �%kCþ
rq�ldWvloqhY~gd�pqpqh%o�� õ�������� ��|C�ir�fivloqh¡~gdgpqpühLo:pqs¡pqrqdg{ õ }Ýz õ�� oqh �
~gd�pqpqfikl /d ��� {&d�k¡r���fipTþld�pqfi LkCdgþ÷r�h/pq|CvlvBh%oqrWr��Cdg{ hLmLdgo � �%�i��� � � w
� �ld3vlfivBdg��fikCd-pqrqoq|l~�r�|Coqd3�%kCþÆfiklpqrqoq|C~grqf�h%k8pqdgrW�%oq~��Cf�rqdg~�r�|CoqdÑh%y
� õ��!�"� �%oqdTpüf�{&fi�i�%o:rqh3rq�lh%pqdWhLy>u ��# � � �t� �3pqfi{&vl�idTýC|lr:vBhQ� �
dgoqyû|l�%$'&�}xz {&h¡þldg��vCoqhY~gd�pqpqh%oSw
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� �ldÅ�%dgs�yû|lkC~grqf�h%k h%yB� õ��!�"� f�pÊ�¯�lfi %� vBdgoqyÈh%oq{&�%kl~�d

C h%�%rqf�kC Ôv>h%fik�r÷�%oqf�rq�l{&d�r�fi~ä|lklfir8pqfikl~�dÊ�%vlvC��fi~g�%rqf�h%kEDldg�iþÒh%y
õ }Ýz õ pqs¡pqrqdg{ {&�%fikl�is¯rq�%oq %dgrqp8h%k�pq~gfidgk�rqf�Dl~
~g�%�i~g|C���%rqf�h%kCpSw
� �ld�� � j�~gh%klyûhLoq{&pTr�h�rq�ld'& �!�!�GF �%� C h%�%r�fikl �vBh%f�k�r�ýlfikl�%oqs
�%oqfir��C{&dgrqf�~8pqrq�%klþl�%oqþH� � ��� �%klþÔvloqhLmYfiþld�pÂfiklpqrqoq|l~�r�fih%klp*h%y-r��Cd
yÈh%|Co�yû|lkCþl�%{&dgk�rq�%��oq|l�idgpÑh%y��Loqfirq�l{&d�r�fi~�fik�þlh%|Cýl�id�vloqdg~�f�püf�h%k �

C h%�%rqf�kC -v>h%fik�rÝ~gh%{&vl�%oqfipqh%k � �%klþÂyÈh%oq{&�%rÝ~gh%k�m%dgoqpüf�h%k/ý>d�r"��d�dgk
f�klr�d� Ld�o+�%klþ C h%�%rqf�kC &vBh%f�klr+k¡|l{ÂýCdgoSw
� �Cd8� � dg�Yd�~g|lrqfih%kapqrq�% %d8fip*yÈ|Coqr��Cdgo&þCf�m¡fiþldgþÔfik�r�hÊpüdgmnd�k
vlfivEdg�if�kCdgþÅyû|lkl~�r�fih%kl�%�W|lklfirqpSw � �%~��=yÈ|Ckl~grqfih%kl�%�T|CklfirÂf�p/yû|l�i��s
vlfivEdg�if�kCdgþ8dg�¡~gdgvCr	yÈh%o�þlfimYfiþldÄfiklpqrqoq|l~�r�fih%klp � DC L|Coqd � ��w

FP Add/Subtract
(1) (2) (3)

FP Multiply
(1) (2) (3) (4)

INT Multiply
(1) (2)

FP Compare
(1)

FP Format Conv.
(1) (2)

FP Divide
(1) (2) (3) (4)

x18

INT Divide
(1) (2) (3)

x10

Mem.
Access
Stage

Inst.
Decode
Stage
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h%vEdgoq�%r�fih%k
�%r3rq�ld�� � � �!# pqrq�% Ld¡w � �%rqdgkl~gsM�%klþärq�loqh%|l %�Cvl|lr
yÈh%o÷pqfikl %�id
vloüdg~gfipqfih%k_þl�%rq�a�LoqdÊr��Cd
pq�%{&d��%p÷rq�lh%püd
yÈh%o÷rq�ld
þlh%|lýC��devCoqdg~gfipqfih%kÝw

eKf�g%h Zji
kmlonYpqn�r�sqt�uMv�wyxzta{�|�n'xz}Yn�r�uM~auMr�{�t�uMv w�9� ]=�URSTUJMQSV f PMLSQS�UJMTU��� �=O ���
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IKWj��JM��N � Ra��J \Y����b � e � O O��
IKWj^=QS� � RS�U] � O O
IqQa�U��RST%^_QaV���N � � O
i�� e ��`�PMT�N � RS��JM\���� g Q�QaTU��]=V�^=QY��]Y� � O�-RSPMP Ra^_]�T	�U]=]�^=QS� � �U]=�U�
i�� e ��J ��N � Ra��J \Y����b � e O�� O��

�_Oa� h RaTU]_V�^=�-� ^=P QY^z�3^=�Y^_PM]=� �¡����� e ���UQS`�LS� � `?T�� ^_PMQY^z�3^=�Y^_PM]_�
¢ dgkldgoq�%�i�is � C h%�%rqf�kC �vBh%f�k�rW�%oqfirq�l{&dgrqfi~ef�kCpqrqoq|l~grqfihLkCp	r��%�ndÄ�
��h%kC Âr�fi{&dÑrqh/~gh%{&vl�idgrqdÑ~�hL{&vC�%oqdgþÆ�	firq�³fik�rqdg %dgo�fiklpqrqoq|l~�r�fih%k �
pSw õ ~gh%{&{&h%kM� � j fik�rqdg %oq�%r�d�þ÷fik»�%k»h £ � rq�ld � pü�ldg�iy: %dgkCdgoq�%� �
vl|loüvBh%püd/vloqhY~�dgpqpühLoÄoqdgrq|loqklp3r��CdÂoqd�pq|l�ir3�%p�dY|Cf�~g�÷�%p3vBh%pqpqfiýl�id
�%~g~gh%oqþlfikl »r�h÷fiklvC|lr3mQ�%��|CdgpSw3�Bh%o-dg�¡�%{&vl�id � �	�ld�k
d��Ydg~�|lrqf�kC 
� w �¥¤Í� w �B� pü|l~���� � j-p3oqd�r�|Coqk
rq�ld�oqdgpq|C��r3fikÊ�÷~gsY~���d¡w � hL� �
dgmnd�o � rq�lfip�{&dgrq�lh�þ*f�pTklh%r þld�pqfioq�%ýl�id�yÈh%o õ }xz õ püsYpqrqdg{ � pqfikl~�d



�÷~gh%{&vlfi�idgo3~��LkCklh%r3vloqdgþCfi~gr3r��Cd�ýBd��l�Qm¡fih%o-hLy�rq�ld�vloqh¡~�dgpqpqh%oSw
� �l�%r fip � rq�ld'� õ��!�"� � � j�pq�ChL|C��þ&~�hL{&vC��d�r�dÑdgmndgoüsefikCpqrqoq|l~ �
rqf�h%k8fik»�BDl�¡dgþ»~gs¡~g�ider�fi{&dYw
� hQ��dgmndgo � pq|l~�� �%vCvloqh%�%~�� h%yÈrqdgk þldg %oq�%þldgpÍr��Cd�vEdgoqyûh%o �
{&�%kl~gd¡w�� õ������ � � jâfip3þCdgpqfi %kldgþÊklh%r3rqh÷þldg %oq�%þlfikl 8f�r-�%p
vBh%pqpqfiýl�idYw¦&�kähLoqþCdgoÄrqh8�%~��Cf�d�mLd��Cf� %�ävBdgoqyÈh%oq{&�%kl~�d�pü~gf�d�k�rqf�DC~
~g�%�i~g|l�i�%rqf�h%klp+dgmYdgkÆ�	firq�»pq|l~��÷�&oqd�pqrqoqf�~�r�fih%k � rq�ld§$ � � þCdgpqfi %k
h%yWrq�ld³� � jÞfip/�lfi %�l�isÊrqfi{&f�kC M�% % %oqdgpqpüf�mndYwÆ�:f� %|loqd � pq�ChQ�	p
�%k�dg�¡�%{&vl�idÂh%y�ýl�ih¡~��Mþlfi�% %oq�L{ hLy C h%�%rqf�kC ÷vBhLfik�r-�%þlþÊ{&hYþ �
|l�idYw � �+h �%� ýlfir��%þlþCdgoqp��%oqd8vl�%oq�%���idg�if�
gdgþÔyÈh%o�oqd�þl|l~gfikl är��Cd
�i�Lrqd�kl~gsYw'��h%oqdghLmLdgo � rq�ld/þlfipq�%þCmL�Lk¡rq�% %d�f�p3�%��püh³oqd�~ghLm%dgoqdgþMýls
rq�ld õ }Ýz õ vl�%oq�%�i��d���f�
gfikl 
~gh%{&vlfi�idgo/|lpüf�kC �pür��%rqfi~Æpq~��Cdgþl|C��fikl 
{&dgrq�lh¡þ �	�lfi~��Å~g�%k {&�%�Yd³r��CdÆýEdgpür/|CpqdÆh%y	h%vBdgoq�%rqfihLka��d�mndg�
vl�%oq�%�i��d���vloqhY~�dgpqpqfikl Bw

+

+

+ +
1

rounding
module

carry by rounding
( 1bit signal )

a+b

significand-a (53bit)
significand-b (53bit)

rounding
module

a+b

carry by rounding

a+b+1

multiplexor

rounded a+b rounded a+b
(usual) (aggressive)

significand-a (53bit)
significand-b (53bit)
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� �ld vBdgoqyÈh%oq{&�%kl~�dah%y*rq�ld+� õ������ � � j$�	firq� �%� � � 

~g�ihY~��ef�p:dgmL�%�i|l�%rqdgþ��	firq�¦��d�k�rqhLo ¢ oq�LvC�lfi~gp�±K²T|lfi~�� � u � pqfi{ �
|l�i�%rqhLoSwÆ�:fi %|loqd � pq�lhQ�	p�r��Cd³oqdg~gfivloqh¡~g�%��h%y+�:� � dg�¡dg~g|Cr�fih%k
rqf�{&dT�%klþ/vBdgoqyûh%oq{&�%kl~gd � �
� ��³�� }H�ChLy�´ � ��³�� }�±�ýBdgkC~��l{&�%oq�
vloqh% %oq�%{�w � �ld³�:� � vCoqhY~gdgpüpqdgp/þCh%|lýl�idÆvCoqdg~gfipqfih%k � µ·¶ þl�%rq�
�%klþ¸´ � ��³�� }H±Sdg�¡dg~g|Cr�d�p k¡|C{&dgoqfi~g�%��fik�r�d� %oq�Lrqfih%kÂ�%kCþB�
�%~g�i�L| �
oqfik÷püdgoqfidgp�dg�¡vl�%klpüf�h%k8f�k»þCh%|lýl�idevloqdg~�f�püf�h%kxw
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MAPLE(50)

R3000(25)
SPARC(40) PA−7100(64)

SuperSPARC(50) HyperSPARC(125)
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Name(Freq.)
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� �ld¾� õ��!�"� � � j1~��lfiv fikÍrq�lfip�pqrq|CþlsÅ�l�%p�ýBdgd�kÔyû�%ýloqf �
~g�%rqdgþ �	firq�arq�ld8vloqh% %oq�%{�h%y'¿ � }m&eu3dgpqfi %ka�%kCþ � þl|C~g�%r�fih%k
zxdgk¡rqdgo � ¿Ñu � zÀ� � rq�ldÊjÑkCf�mndgoqpqfir�sah%y � h%�¡s%h=�	firq� r��Cd
~gh%� �
�i�LýBh%oq�%rqf�h%k_ýls+$�h%�l{ zxh%oqvEh%oq�%rqf�h%k_�%kCþ � hLvCvl�%k � oqfik¡rqf�kC 
zxh%oqvBhLoq�%rqfihLkxw
� �ld=pqsYklr��Cdgpqfip8oqd�pq|l�irMh%y�rq�ldÅ{&hYþC|l�idÅ|lpqfikl  r��CdÁ$�h%�l{
rqdg~��lkChL�ih% %s � rq�%ýl�idÂ&@&�� � pq�lhL�	p	r��C�Lr�rq�ldÄ�l�%oqþl�+�%oqd3�%{&h%|lk�r	hLy
� � j {&hYþC|l�idÄoqdYdY|Cf�oqd�p��LýBh%|lr ���%�B� �L�%�  L�%rqdgp � rq�%ýl�id�&=&·&���w
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eKfHg%h ZjiUiUi
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I � ��`�PMT�N � Oa� Ò �S� � OS� �S�aÏ
I � ��JM��N O���� O��S� O Ó � �SØa�
i V�T[��`�PMT�N Ï � �S�a� O�� � �SÏ�O
i V�T[��J ��N Ø � �S� Ò Ó � ÏS�S�
� ]=��T%QS¨KIKW9Ü O���� Ò O Ò �S� � �S�a�
IKW9ÜÝTUQSTURSP	�ÞÏSØ�� �S�a��^_]=P PM��ßUO��a� � Ò O���LaRSTU]=��à

�:fi %|loqd � pü�lhL�	p+rq�ldÄ� � j ~gd����U���Qs%h%|lr+�%klþ8vC�lh%r�h% %oq�%vl�xw
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