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N˚ 2553
Juin 1995

PROGRAMME 1





���������	�
������������������������������������ �������! ����"�����#�#�$�����
%&�(' )"*+*�,.-�/10#23� 465�7 �98�):�;�<� 0=46>?8�@!A+A+A

B"C�DFEHGIKJLINM C IPORQTS!U C#CWV�GIYXLIYZ
[�\^]P_P\�`Ya
a�b�cedgf!\�h^iRjlk�bmhnk�oL\�bmp$qT`Y\�`NrsrutbnrvbmpxwTyT`Ppzbmp.{Rb�{R]P|L|�}b~bmp~wR\L}bmpzbm`YoR��b~k!p��Lp�kmtb~a�bmp�{�j�p�k�\�jlyLo�}bmp

[�\�]P��b~k+��fe[��

�$`YqLqT]P\^k!{Rb"\�bmh^iLb~\�h^iLb<|"���P�P�P��d �YoRjl|Wcm�P����d cm�R��qT`Y_Pbmp

���������� ��6� f+oY��]�oL\�{#� iRoRj¡w�rlbmp�a¢j�hn\�]PqL\�]Lhnbmp�p�b~oL\np�p�]�|£k�oLkzjsr¤j�pR}bmpK{L`Y|Tp�oL|¥_P\�`Y|T{¦|L]Pa¢yL\�b§{Rb¨pz��p�kmtb~a�bmp
a�`YkL}b~\�jlbnr�p�©ªp�k�`Yk�jl]P|Tp�{Rb�k^\�`ª«N`ªj¤ruwma¢oRrlk�jlqL\�]Lhnbmp�p�b~oL\�pxwPp���pzkxtb~a�bmp=k�b~a�qTp�\�}b~bnr�p~¬l¬¬m®���}b~«P]YrloLk�jl]P|�bmp�k�bn��k^\N¯b~a�b~a
b~|£k
\�`YqRj�{Rb¢{L`Y|Tp.hnb"{R]Pa�`Njv|Lb¢`YoK|Rjl«Pbm`Yo°{Rb+r¡� jv|RkL}b~_P\�`Yk�jl]P|Kp�oL\�rlb¢h^jv\nhnoRjvk$jl|£kL}b~_P\L}bPw£`YoK|Rjl«Pbm`�o¨{Rb+r�`²±³\�}bm´�oLb~|ThnbPw
`YoK|Rjl«Pbm`Yo°`Y\�h^iRjlk�bmhnk�oL\�b²b~k!`YoK|Rjl«Pbm`Yo°{Ro�rv]�_Yj�h^jvbnru¬

µ$]PoTp1}b~k�oT{�jl]P|Tp"{L`Y|Tp²hnb�\�`YqLqF]P\�k�rvbmp�qL\�]Lhnbmp�p�b~oL\�p¢¶�·��¸�¹cPcmºY»Tw¹ru� ¼�½�¾?[�]Y¿�b~\���b~k+rlbÀ¾1¼�[��¨�.Á�ÂPÂPÂL¬
·�Ã�bmhnk�o�}b~b�{L`Y|Tp+rlb�h~`P{R\^b�{#� oL|LbK`Phnk�jl«PjlkL}b�{Rb�«Pbnj¤r¤rvbKk^bmh�iL|L]Yrl]P_�j´�oLbPw�hnb~k^k�b9}b~k^oT{Rb�a
b~k"b~|W`ª«N`�|£k+rlbmp"h^iL]Yj¤�
±u`ªjlk�p�qT`Y\�rlbmp+hn]P|Tp�k�\^oThnk�b~oL\�p�b~k!hn]�a�qT`Y\�b+rlbmp+{�jv«�b~\�p�bmp$a¢j�p�bmp�b~|§Ä�oL«R\�bP¬
Å3ÆTÇ �xÈ�ÉPÊ ����6Ë bnj¤r¤rlbKk�bmh^iL|L]Yrl]P_Yj�´PoLbPw�`Y\�h^iRjlk�bmhnk�oL\�b�{Rb¢a¢j�hn\�]PqL\�]Lhnbmp�p�b~oL\np~w�¶�·��Ì�Lc�cmºY»TwL¼�½�¾?[�Í�ÎÌ·;�.�Lw
¾1¼�[����.ÁPÂPÂPÂ¹¬

ÏÐ�Ñ�Ò�ÓÔ�Õ~Ö�Ó×nØ£ÓlÙ�Ú

Û#Ü�Ý³Þuß�à�ßzá â�ß²ãÜ�ÝªãÜ�äNß^Þ³ÝåáæÜuâ âæÜ�ç�Ü�èmÝ�é³ê�ëªÝ³Ü�è~ë!äYß�ÞFâsß�ì�í�î¹ï°ðlñ�ênè~ànÜ�è~Ýåáæênè"ì�í�îLï#òåóõô�í#óåö§÷Pø�ù�ú^òõûnü�ùnü�ö�ýnì�í�î¹ï�þ ÿNßzáæèméåá � ëªÜäNß^Þ#âæÜ���ì�í ö�Þ³ñ��~áæÝ³Ü�ñ�Ý³ëmÞ³Ü��ªÜ�é	��ß^ñ
�xáæèmÜ�é�ô�ênëmànÜ â âæÜ�é��
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k�bmh^iL|Rj�´PoLb�{Rb²r�`�qL\L}bnjv|Thn\L}b~a�b~|Rk�`Yk�jl]P|1qT]PoL\$rlbmp+rlbmhnk�oL\�bmp�{#� b~|£k�jlb~\�p+|�}bmhnbmp�p jlk�b�{R]P|Th�r�`�qL\L}bmpzb~|Thnb�{#� oL|°qT]�\�k
{#��}bmhn\�jlk�oL\�b§p�oLqLqRr~}b~a
b~|£k�`Njv\^b§p�oL\�rlbKyT`Y|Th1{Rb§\�b~_�jpzk�\�bmp¢b~|Rk�jlb~\�p~¬�®�`°a¢j�p�b§b~|9Ä�oL«R\�b°{Rb¨hnb~k�k�bKk^bmh�iL|Rj�´�oLb
oL|Rj�´PoLb~a
b~|£k!pzoL\�rlbmp;jl|Tp�k^\�oThnk�jl]P|Tp.{Rb$rlbmhnk�oL\�b -�}bmhn\�jlk�oL\�b-/T]Pk�kn`Y|£k^bmp�b~k�rlbmp;jl|Tp�k^\�oThnk�jl]P|Tp.{#��}bmhn\�jlk�oL\�bmp�b~|£k�jutb~\�bmp
`YoL\�`Njvkªw£qT`�\�hn]�|£k�\^b¨}b~kL}b�jla�a9}bm{�j�`Yk�b�qLoRj�p�´�oLb�rl]P\�p${Rb�k�bnr¤rvbmp�]Pq�}b~\�`�k�jl]P|Tp~wYrlb²yT`Y|Th�{Rb�\�b~_Yj�p�k�\^bmp�b~|Rk�jlb~\�p�|�� bmp�k
qT`Pp.`�h~hT}bm{;}b+b~|6}bmhn\�jlk�oL\�bP¬

®=bmp;jla�a9}bm{�j�`Yknp�qT]PoL\$rlbmp!�²a¢j�hn\�]�qL\�]�hnbmp^p�b~oL\�p+p�]P|Rk!{Rbmp�«N`Nrvb~oL\np!p jl_P|�}b~bmp!{Rb�cªº¢yRjlk�p~¬
tf3\�b~a�`�\�´PoLb~\�rvbmp+h^iL]Yj¤�ÀbnÃ�bmhnk�o�}bmp.p�oL\�rlbmp$k�\�]Yj�p.`Y\nh�iRjlk�bmhnk�oL\^bmp#©

� p�oL\�rlb�¶�·�� �Lc�cmºY»Tw�rlbmp!`�h~hNtbmp�a9}b~a�]Yjl\�b+±³]P|Rk!`YoKa�`ª�Rjla¢oLa {Rb~oR�¨`Ph~hYtbmp�b~|Krlbmhnk�oL\^b pzoL\�rlb�yT`�|Th"{Rb
\�b~_Yj�p�k�\�bmp 	�h~`Pp+{#� oL|Lb }bmhn\zjvk^oL\�b"a9}b~a�]Yjl\�b���]�o§oL|�`Ph~hYtbmp�b~|§rlbmhnk�oL\^b�b~k�oL|°`Ph~hYtbmp$b~|¸}bmhn\�jlk�oL\^bPwTp�]Yjlk+r�`
|�}bmhnbmp�p jlkL}b�{Rb�{�j�p�qT]Rp�b~\�{Rb��
qT]P\�knp 	���b~|1rlbmhnk�oL\�b
b~k�c¢b~|3}bmhn\zjvk^oL\�b���pzoL\+rvb
yT`Y|Th¢{Rb�\^b~_Yj�p�k�\�bmp+qF]PoL\
h�iT`PhnoL|§{Rbmp$qRjlqTbnr¤jl|Lbmp"{#� bn��}bmhnoLkzjv]�|Kb~|£k�jlb~\m¬

� p�oL\+rlbÀ¾1¼�[��Tw#j�{Rb~a ´�oLb�qL\�}bmhF}bm{Rb~a�a�b~|Rke`ª«Pbmh²r�` qTb~k�jlk�b�`�p�k�oThnb�p�oL\�rlbmp-/T]Pk�kn`Y|£knp~¬�·�Ã�bmhnk�jl«Pb~a�b~|Rkmw
r¡� `Y��]PoLk.{Rb+r¡� `P{R\�bmp�p�`�_Pb+jl|T{Rbn��}b�oL|Rj´�oLb~a�b~|RkepzoL\�rlbmp!{R]P|L|�}b~bmp�/T]Pk�kn`Y|£k^bmp¢}b~«�jlk�b�oL|KqT]�\�k!p�oLqLqRr~}b~a
b~| �
k�`ªjl\�b"p�oL\�rlb²yT`Y|Th"{Rb�\�b~_�jpzk�\�bmp�b~|Rk�jlb~\�p~¬

� p�oL\¢rlbmp�`Y\�h^iRjlk�bmhnk�oL\�bmp�[�]Y¿�b~\"b~k�[�]Y¿�b~\�[��+w�qT]Rp�p jlyRj¤rsjlkL}b�{#�æ`ª«P]Yjl\��1rlbmhnk�oL\�bmp
qRrvoTp1c�}bmhn\�jlk�oL\�b�]Po(�
rvbmhnk^oL\�bmp.qRrloTp+� }bmhn\zjvk^oL\�bmp.p�oL\�rlbmp$\�b~_Yj�p�k�\^bmp�b~|£kzjvb~\np�©Thnb"´�oRj�jla�qT]Rp�b��¢qF]P\�k�px¬

*x��� �"�!��� ���=� ������� ���F�=� ��������� ���

[�]�oL\#rlbmp�����b~oR��{#� jv|Tpzk�\�oThnk�jl]P|Tp~wªr�`$qLiRj¤rv]Rp�]PqLiRjlb!��¼^�L�W`K}b~k�}b�oLk�j¤r¤jpR}b~bP¬Y®#b�|L]Pa¢yL\�b�{Rb;±õ]P\^a�`Yk�p#{#� jl|Tp�k�\^oTh�
k�jl]P|Tp�bmpzk!{R]P|Th+r¤jla¢jlkL}b�` �T|§{Rb�±¡`Ph^j¤r¤jlk�b~\+rlb�{;}bmhn]�{L`Y_�bP¬ � ]PoLk�bmp�rvbmp�jl|Tp�k�\�oThnkzjv]�|Tp!p�]�|£k!`Nrsjl_P|�}b~bmp�b~|§a9}b~a�]Yjl\�b
p�oL\!{Rbmp�±³\�]P|Rk�j¡tb~\�bmp�{Rb�a�]Pk+{Rb"�P�¢yRjlk�p~¬

Í.|K\^b~a�`Y\�´�oLb~\�`�{L`Y|Tp�rvbmp+�+��b~oR� {#� jv|Tpzk�\�oThnk�jl]P|Tp�rlbmp!p jla¢j¤r¤jlk�oT{Rbmp"pzoRjv«Y`Y|Rk�bmp�©

� �.k�j¤r¤j�p�`Yk�jl]P|6{Rb�h^iT`Ya�qTp �L�Lbmp�qT]PoL\
rlb�hn]�{L`Y_�b¨{RbKru� ]�q�}b~\�`Ykzjv]�|9b~kÀ{Rbmp
\�b~_Yj�p�k�\^bmp�]Pq�}b~\�`Y|T{Rbmp#©�hnbmh^j
qTb~\�a�b~k�oL|�{�}bmhn]L{L`Y_Pb;\�`YqRj�{Rb�b~|"qT`Y\�`Nrsrutbnrvb.`ª«Pbmh r`$rlbmhnk�oL\^b�pz��p�kL}b~a�`Ykzj´�oLb�{Rbmp�]Pq�}b~\�`Y|T{Rbmp#b~|¢\�b~_Yj�p�k^\�bmp
	³rlbmhnk�oL\�b�qT`Y\!`�|£k�j�h^jlqT`Yk�jl]P| �n¬

í�í&è32+ûnü�ü�4



cmº ���������	�
�	� � 	�������� �������	���	��

� �P��\�b~_Yj�p�k^\�bmp#b~|Rk�jlb~\�p�b~k��P��\^b~_Yj�p�k�\�bmp /T]Pk�k�`�|£k�pF©m�$yRjlk�p�pz]P|£k�{R]P|Th�|�}bmhnbmp�p�`ªjl\�bmp�qT]PoL\�hn]L{Rb~\�rlbmp�|£oLa9}b~\�]£p
{Rb�\�b~_Yj�p�k�\�bmp$`P{R\�bmp�pR}bmp;qT`Y\�ru� jl|Tp�k�\�oThnkzjv]�|�¬

��������� �	��
��������������������
����������������! #"%$'&�����(�)

�PoL\�rvb¢¶�·�� �¹cPcmºY»¢h^jv|T´À±õ]�\�a�`Yk�p;{#� jl|Tp�k�\�oThnkzjv]�|Tp!{Rb²yT`Pp�b"p�]P|Rk.oLk�j¤r¤j�pR}bmp�©

� ±õ]P\^a�`Yk�{�jlk�{Rbmp�jl|Tp�k^\�oThnk�jl]P|Tp$a }b~a�]�jv\^b � w

� ±õ]P\^a�`Yk�{Rbmp�jl|Tp�k�\�oThnkzjv]�|Tp!{Rb²yL\�`Y|Th^iLb~a�b~|£kªw

� ±õ]P\^a�`Yk�{Rbmp�jl|Tp�k�\�oThnkzjv]�|Tp!{#� ]�q�}b~\�`Ykzjv]�|Tp�b~|Rk�jutb~\^bmp~w

� ±õ]P\^a�`Yk�{Rbmp�jl|Tp�k�\�oThnkzjv]�|Tp!{#� ]�q�}b~\�`Ykzjv]�|Tp /T]�k�k�`Y|Rk�bmp~w
� ±õ]P\^a�`Yk�{Rbmp�jl|Tp�k�\�oThnkzjv]�|Tp!{Ro°[Tf�®�hn]L{RbP¬

®#b�±³]P\�a�`Yk {Rb�r¡� jv|Tpzk�\�oThnk�jl]P|�{�j¤Ã�tb~\^b�pzbnrv]�|�p�]P|�k��RqTbPwPhnb~qFb~|T{L`Y|£k�rlb!hn]�{Rb+{�}b�T|Rj�p�p�`Y|Rk�rlb!k��RqTb.{Rb�ru� ]Pq�}b~\�`Yk�jl]P|
\L}bm`ªr¤jpR}b~b+bmp�k.k�]PoY��]PoL\�p$hn]�{;}b"p�oL\�rlbmp!º yRjvknp.{Rb"qF]Yj�{Lp�±³]P\�k.�Lc�t`
�PºL¬

*�Æ�� � LÇ � ��� �>� � Ç�� ��É Ç��lÆ?� � � ��F� Æ � � �

151620212526

15162021252631 0

031

déplacement_mémoireRbRaOpcode

Opcode Ra Rb Fonction

+�,.- ��cP¬c �0/ 
�� � � � � 	�� � � � � ��� � � � 
�� ��� �	L� 
 � � 	 ��� � � � �	���	���

�;b.±³]P\�a�`�k 	 �T_PoL\�b¢cP¬lc���bmp�k�oLk�j¤r¤j�p£}b²qT]PoL\.k^]PoTp�rvbmp$k�\�`�|Tp ±õb~\^k�p;b~|£k�\^b.rlbmp$\�b~_Yj�p�k�\�bmp;b~k�r�`¢a9}b~a�]Yjl\�bPwRqF]PoL\
h^iT`Y\�_Pb~\�oL|Lb�`P{R\�bmp�p�b°«�jl\�k�oLbnr¤rlbWb~k�qT]PoL\KbnÃ�bmhnk�oLb~\§{Rbmp�yL\n`Y|Th�iLb~a
b~|£k�p jl|Thn]P|T{�jlk�jl]P|L|Lbnrõp~¬�®#b�h^iT`Ya�q6{Rb
{;}b~qRr�`Phnb~a
b~|£k�a9}b~a�]Yjl\�b²bmp�kehn]L{;}b²b~|°]�hnk�b~knp!p�oL\�cªº�yRjlk�p~wFj¤r�bmp�k"p jl_P|�}b"b~k"`Y��]PoLkL}be`�o hn]�|£k�b~|Ro¨{Rb%& � qF]PoL\
±³]P\�a�b~\�oL|Lb�`�{R\�bmp�p�b+«Pjl\�k^oLbnrsrlb
	³rlbmp.{;}b~qT`Pp�p�b~a�b~|Rk�p�{Rb�h~`�qT`Ph^jlk�}b$rl]P\�p.{Ro§h~`ªr�hnoRr�p�]P|Rk;jv_�|L]P\L}bmp�{L`Y|Tp$hnb"h~`Pp��¬

®=be{Rb~oR�Rj¡tb~a�b�k��RqTb"{Rb$±õ]P\^a�`Yk�jla�qRr~}b~a�b~|£k^b�oL|§h�iT`Ya
q21�
�� � � � 
 ��´PoRj�{;}bmp�jv_�|Lb!oL|Kb~|Tp�b~a¢yRrlb"{#� jl|Tp�k�\^oTh�
k�jl]P|Tp.{�jl«Pb~\np�bmp.k^bnrsrlbmp�©

� r¡� jv|Tpzk�\�oThnk�jl]P| � 	�� 
���
 � � � � � 	 ��w
� r¡� jv|Tpzk�\�oThnk�jl]P|  � 	 1 	 � � � {�}b�T|Rjlb"qT`�\�ru�æ`Y\�h^iRjlk�bmhnk�oL\�b²f.rlqLiT`Lw
ú � Û#Ü��lênÞ³ç.ß�Ý�Ü�é³Ý+ãÜ �~ß�âæÜ�ç�Ü�è~Ý�ëªÝåá â áæémãÜ�äNênëmÞ � � ß�ëªÝ³Þ³Ü�é�áæèªé³Ý³Þ³ëmñ�Ýåáæê�èªé

ó³ô�í#ó�ö



����� � 	 � 	�� � � ���	� � 	�� ��� � 	�� � 	�� � � � ��
����
 ��	���� 	 � � ��� ������������� ����� �! �"$#%��&�� 	 ��� �  
 &('�)�)�) cY�

� {Rbmp.`YqLqTbnr�p�t`¢{Rbmp$\�]PoLk�jl|Lbmp+{Ro§[�`ªr�hn]�{RbPw

� ¬l¬l¬

*�Æ�� � LÇ � ��� �>� � Ç�� ��É Ç��lÆ?� � � � 	 ��6� É43#�T� � �FÇ
�;b+±õ]P\^a�`Yk 	 �T_�oL\�b�cP¬æ� �;bmp�k.oLk�j¤r¤j�p£}b¢qT]�oL\.rlbmp$yL\�`Y|Th^iLb~a�b~|£knp!hn]P|T{�jlk�jl]P|L|Lbnr�p�b~k!qF]PoL\.rlbmp+p�`YoLk�p$\�bnr�`Yk�j¤±up

	uqF]PoL\"h~`ªr�hnoRrlb~\�ru�æ`P{R\�bmp^p�b�{RoWp�`YoLkmwFoL|Lb¢«N`ªrlb~oL\²bmp�k"`Y��]PoLkL}b~b�t`
r¡� `Y|Th^jlb~|L|Lb�«Y`ªrlb~oL\"{RoWhn]Pa�qLk�b~oL\�]�\�{�jl|T`ªr ��¬
®#b�{;}b~qRr�`Phnb~a�b~|Rk�bmp�k�b~|°±u`ªjlk"{Rb��P��yRjlk�p�p jl_P|�}bPw�{Rb~oR� �#}b~\�]£pK}b~k�`�|£k!hn]�|Th~`YkL}b~|�}bmp!`�o h^iT`Ya�q {�}b~qRr�`Phnb~a�b~|Rk�©
rlbmp�jl|Tp�k^\�oThnk�jl]P|Tp+p�]P|Rk�`Nrsjl_P|�}b~bmp!pzoL\�rlbmp.a�]�k�p�{Rb��P�¢yRjlk�px¬

31 26 25

Opcode Ra

21 20 0

Dep branchement

+�,.- ��cP¬ � � / 
�� � � � � 	�� � � � � ��� � � � 
�� � � 	 � � � � ��� 	L� 	 � ����� � � � �	���	���

*�Æ�� � LÇ � � �L� � � � Ç�� ��É Ç��Æ�� � ���¤Æ 5 �� ��LÇ��Æ�� �
� �TÇ�� +� � �L�
¶+b~oR�²±õ]�\�a�`Yk�p�qT]�oL\�{Rbmp�]Pq�}b~\�`Yk�jl]P|Tp�b~|£kzj¡tb~\�bmp�{Rb.\�b~_�jpzk�\�b"t`+\�b~_Yj�p�k�\^b�pz]P|£k�oLk�j¤r¤j�p£}bmp~¬�¼³r�p�pz]P|£k�\^b~qL\�}bmp�b~|RkL}bmp

�T_PoL\�b�c�¬æ�L¬

31 26 25

Opcode

Ra

Rb 0 0 fonction Rc

05 41121 20 16

Rcfonction1constanteOpcode

Ra

Ra

31 26 25 21 20 13 11 5 4 0

+�,.- ��cP¬æ� � / 
�� � � � � � 	 � � � � � ��� � � � 
 � � 	 � � � �	 � 	 � ��� � � � �	���	���

®=b�yRjvk¢cm��pzq�}bmh^j �Tb+rlb"k��£qFb�{#� ]�q�}b~\�`Ykzjv]�|�\L}bm`ªr¤j�p£}b~b�©
� yRjvk�cª�

�
Â 	�h~`Pp+{Ro¨qL\^b~a¢jlb~\+±õ]P\^a�`Yk!{#� jl|Tp�k^\�oThnk�jl]P| �H©F]Pq�}b~\�`Yk�jl]P|1b~|£k�\^b�{Rb~oR�¨\^b~_Yj�p�k�\�bmp+p�]PoL\�hnbmp & �

b~k & � b~k.oL|K\�b~_�jpzk�\�b�{Rbmpzk�jl|T`Yk�jl]P| & � ¬

� yRjvk�cª�
�
c�©T]Pq�}b~\�`Yk�jl]P|1b~|£k^\�b"oL|°\�b~_Yj�p�k^\�b�p�]�oL\�hnb & � b~k!oL|Lb�hn]P|Tp�kn`Y|£k^b"qT]Rp jlk�jl«Pb�hn]�{;}b~b�p�oL\�Á�yRjlk�p	�}b~k�b~|T{RoLb�qF]PoL\�rlb"yFbmp�]Yjl|¨{Ro°h~`ªr�hnoRr$t`
ºY»¢yRjvknp��¬

¶�`Y|Tp;rlbmp+{Rb~oR�¨h~`Pp�oL|§h^iT`Ya�q§{Rb
�"yRjlk�p!hn]�a�qRr }b~k�b$rlb�h^iT`Ya�q 
� � 
�� 	 ¬

í�í&è32+ûnü�ü�4



cmÁ ���������	�
�	� � 	�������� �������	���	��

*�Æ�� � LÇ � ��� �>� � Ç�� ��É Ç��lÆ?� � ���¤Æ 5¢�� ��LÇ��Æ�� � � ÆTÇ~Ç 6�TÇ �L�
®=b+±õ]P\^a�`Yk.{Rbmp.]�q�}b~\�`Ykzjv]�|Tp /T]�k�k�`Y|Rk�bmp;bmp�k�j¤r¤rloTp�k�\L}b �T_PoL\�b�c�¬ »T¬

tf<|L]�k�b~\"´PoLb�{L`Y|Tp$rlb�h~`�p�{Rbmp$jv|Tpzk�\�oThnk�jl]P|Tp²{Rb�hn]P|R«Pb~\�p jl]P|�w�/ � p�q�}bmh^j �Tb rvb¢\�b~_�jpzk�\�b�p�]PoL\�hnb�`ªrl]P\np�´PoLb�/ �
{;}bmp�jv_�|Lb+jva
q�}b~\�`Ykzjv«�b~a�b~|£k�rvb²\�b~_Yj�p�k�\^b /����Y¬

31 26 25

Opcode Fa Fb fonction Fc

05 416 1521 20

+�,.- ��c�¬ » � / 
�� � � � � 	 � � � � � ��� � � � 
 � ��� 
���� � � � 	�� ��� � ���������	���

*�Æ�� � LÇ � ��� �>� � Ç�� ��É Ç��lÆ?� � � � � ��� É Æ � �

�;b+±õ]P\^a�`Yk�bmp�k.oLk�j¤r¤j�pR}b¢qF]PoL\!`YqLqFbnrvb~\"{Rbmp�±³]P|Thnk�jl]P|Tp.{Ro°[Tf�®�hn]L{RbPwHp^`¢\�b~qL\L}bmp�b~|£kn`Yk�jl]P|Kbmp�k�±³]PoL\�|Rjlb²qT`Y\
r�` �T_�oL\�b�cP¬ �L¬R¼³r�hn]P|£kzjvb~|Rk!º
yRjlk�p!{Rb¢hn]�{Rb²]Pq�}b~\n`Yk�jl]P|Kb~k.oL|°h�iT`Ya
q¨{Rb���º¢yRjlk�p.qF]PoL\�p�q�}bmh^j �Tb~\$r` ±³]P|Thnk�jl]P|
`YqLqFbnr }b~bP¬

31 26 25

Opcode

0

Fonction PALcode

+�,.- ��c�¬æ� � / 
 � � � � � 	 � � � � � ��� � � � 
 � � ���  �� � � 
�� 	 ��� � � � ��� �	���

®=bmp.]Pq�}b~\�`Y|T{Rbmp+p�]PoL\�hnb²b~ke{Rbmpzk�jl|T`Yk�jl]P|�qF]PoL\ehnb¢k��RqTb�{#� jv|Tpzk�\�oThnk�jl]P|Tp�p�]�|£k$±õ]�oL\�|Rjlbmp.qT`Y\�{Rbmp+\�b~_Yj�p�k^\�bmp
�L��}bmp.`YoKa
]Pa�b~|Rk�{Rb�r�`�{�}b�T|Rjlk�jl]P|°{Rb�ru� jl|Tp�k�\�oThnkzjv]�|�¬

®=b"[Tf�®�hn]L{RbPw  � � � � � 	���	 � � � ����� � 	�� ��� � 	 � �	� � � ��
%��
�� 	 wRbmp�k�oL|Kb~|Tp�b~a¢yRrlb�{Rb�qL\^]�hF}bm{RoL\�bmp�p�q�}bmh^j �H´�oLbmp"t`
oL|�p��Lp�kmtb~a�b.{#� bn�LqRrv]�jvkn`Yk�jl]P|�¬L�;bmp�qL\�]LhT}bm{RoL\�bmp ±õ]�oL\�|Rj�p�p�b~|Rk�{Rbmp�qL\zjva jvkzjv«�bmp�qF]PoL\�r�`²_Pbmp�kzjv]�|�{Rb�r�`�a9}b~a�]Yjl\�bPw
qT]�oL\.k�\�`ªjlk�b~\�rlbmp�bn�¹hnb~qLkzjv]�|Tp.b~k;rlbmp;jl|£k^b~\�\�oLqLk�jl]P|Tp~w¹b~k�jl|Rk�b~\�«�jlb~|L|Lb~|£k§}b~_£`Nrvb~a
b~|£k�rv]�\�p.{Rbmp�h�iT`�|L_Pb~a�b~|Rk�p.{Rb
hn]P|Rk�bn�Lk�bmp~¬�·�r¤rlbmp¢qFb~oL«Pb~|£k1¯b~k�\�b�`YqLqTbnr~}b~bmp�`�oTp�p j�yRjlb~| qT`Y\�rlb�a�`YkL}b~\�jlbnr 	uk�\�`Njvk^b~a�b~|£k¢{Rbmp²bn�¹hnb~qLk�jl]P|Tp ��´�oLb
qT`Y\+rl]P_Yj�h^jlbnruw�b~kep�]�|£k�bn��}bmhnoLkL}b~bmp!{L`�|Tp+oL|¨a
]�{Rb�p�q�}bmh^j �H´�oLb�`YqLqFbnr }b¢rlb¢a�]L{Rb�[Ffe® 	u«�]Yjl\"h�iT`YqRjlk�\^b º¹¬æ�L¬lc��n¬
�$oRjvk²\�b~_Yj�p�k�\^bmp~w�`YqLqTbnr~}bmp  �� � ��� � ��
�� � 	 � � � � 	 � � p�]P|Rk"{Rbmp�k�jl|�}bmp�t`�b~|Rk�\�b~k^b~|Rjv\¢{Rbmp�hn]PqRjlbmp�rv]Lh~`ªrlbmp"{L`�|Tp"hnb
a�]L{RbP¬

������� & �	��
����� ����� ����� � 
 ������������ ���	��
�������������

� \�]Yj�p;±³]P\�a�`Yk�p�{#� jl|Tp�k�\�oThnkzjv]�|Tp!p�]�|£k�oLk�j¤r¤j�p£}bmp�©

� ¼u|Tp�k�\^oThnk�jl]P|Tp!{Rb�k��RqTb+jla�a9}bm{�j�`Yk 	u¼�� � �RqTb�� 	 �T_PoL\^b�cP¬æº ��¬
��b.±³]P\�a�`Yk�`²k�\�]�jp;oTp�`�_Pbmp#©�jsr�bmp�k�oLk�j¤r¤j�pR}b²qT]PoL\;rlbmp;jl|Tp�k�\^oThnk�jl]P|Tp.{Rb"p�`YoLk�b~k.{Rb+yL\�`Y|Th^iLb~a�b~|£k+hn]P|T{�j �
k�jl]P|L|Lbnruw£qF]PoL\.hnb~\�k�`ªjl|Lbmp�jl|Tp�k�\�oThnkzjv]�|Tp.`Y\�jlk�iLa9}b~k�j�´PoLbmpxw£`ªjl|Tp j�´�oLb!qF]PoL\;rvbmp�jl|Tp�k�\^oThnk�jl]P|Tp.{Rb+k�\�`Y|Tp ±³b~\�k
{Rb"{R]P|L|�}b~bmp~¬

ó³ô�í#ó�ö
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15162021252631

Opcode

0

immédiat

Opcode : code de l’opération
rs : identificateur du registre source

Immédiat : opérande immédiat ou déplacement

I-Type

rs rt

rt : condition de branchement ou identificateur du registre cible ou
destination suivant l’instruction

+ ,.- ��cP¬ º � / 
�� � � � �)� � 
�� 	 ���%&('�) )�)

®#be�$ÁPÂPÂPÂ�|Lb�qT]£p�p~tbm{Rb.qT`Pp�{Rb�hn]�{Rbmp$hn]P|T{�jlk�jl]P|KqT]PoL\;rlbmp;jl|Tp�k�\^oThnk�jl]P|Tp;b~|£k�jutb~\�bmp~¬L®#]P\�p^´Po�� oL|Kp�`YoLk;]Po
oL|�yL\�`Y|Th^iLb~a�b~|Rk hn]�|T{�jvkzjv]�|L|Lbnr${R]�jvk1¯b~k�\�b¢bnÃ�bmhnk�o�}bPwFr�`§hn]�a�qT`Y\�`ªj�p�]�|W`�r¤jlb~o({L`Y|Tp+ru� jl|Tp�k^\�oThnk�jl]P|({Rb
p�`YoLk�©�rlbmp.{Rb~oR�À\^b~_Yj�p�k�\�bmp�{;}bmp�jv_�|�}bmp�qT`�\ ���Fb~k � � p�]P|Rk�hn]�a�qT`Y\L}bmp�b~k;rlb�\�}bmp�oRrlk�`�k�pzb~\�k.{Rbehn]P|T{�jlk�jl]P|°`Yo
p�`YoLk"t`²ru�æ`P{R\�bmp^p�b�h^jlyRrlbP¬
�.|Lb°`YoLk�\�bKoLk�j¤r¤j�p�`Yk�jl]P|3{Ro9±³]P\�a�`Yk
¼ �³k��£qFb¨hn]P|Thnb~\^|Lb§rlbmp jl|Tp�k�\�oThnk�jl]P|TpK`�\�jlk�iLa9}b~kzj´�oLbmp¢b~k
rl]P_Yj�´PoLbmp
t`§{Rb~oR�W]Pq�}b~\�`Y|T{Rbmp#©=rvbK\^b~_Yj�p�k�\�b�{;}bmp jl_P|�}b
qT`Y\ � � b~k"r�`°hn]P|Tp�kn`Y|£k^b 	³jla�a9}bm{�j`�k��!p�]P|Rk�rlbmp¢]Pq�}b~\�`Y|T{Rbmp
p�]PoL\�hnbmp~w�rlb"\^b~_Yj�p�k�\�b¢{�}bmp jl_P|�}b!qT`Y\����#bmp�k�r`�{Rbmp�k�jl|T`Ykzjv]�|�¬
®�`!{Rb~\^|Rj¡tb~\�b�oLkzjsr¤j�p�`Ykzjv]�| {Rb�hnb;±õ]P\^a�`Yk�hn]P|Thnb~\�|Lb;rlbmp#jl|Tp�k^\�oThnk�jl]P|Tp�{Rb�k^\�`Y|Tp ±³b~\�k�{Rb�{R]P|L|�}b~bmp 	 � 
 � � � � ��
 �
� 	 ��¬L®#b�h^iT`Ya�q jla�a9}bm{�j�`Yk+hn]P|£kzjvb~|Rk�rlb�{�}b~qRr�`Phnb~a�b~|Rk!`ªrl]P\np!´�oLb+rlb h^iT`Ya�q � � {�}bmp jl_P|Lb�rvb²\�b~_Yj�p�k�\^b�{Rb
yT`Pp�b"{Rb+ru�æ`P{R\�bmp^p�b�{Rb+ru� ]Pq�}b~\�`Y|T{Rb�t`²k�\�`�|Tp ±N}b~\�b~\m¬R®#b�h^iT`Ya�q ���#\�b~qL\L}bmp�b~|£k^bPw£qF]PoL\!p�` qT`Y\�kmw�rlb"\�b~_�jpzk�\�b
p�]PoL\�hnb�]Po§{Rbmpzk�jl|T`Yk�jl]P|¨pzoRjv«Y`Y|Rk.rlb�pzb~|Tp.{Rb�r�`
k�\�`Y|Tp�`�hnk�jl]P|�¬

� ¼u|Tp�k�\^oThnk�jl]P|Tp!{Rb�k��RqTb"p�`�oLk 	���� � �RqTb�� 	 �T_�oL\�b�cP¬v� ��¬
��b�±³]P\�a�`�k.bmp�k+oLk�j¤rsj�pR}b¢qT]PoL\$rlbmp�p�`YoLk�p$b~k.rlbmp+yL\�`�|Th�iLb~a�b~|Rk�p+p�`Y|Tp+hn]P|T{�jlk�jl]P|�¬�®�`�h^jlyRrvb
|Lb hn]�|£k�jlb~|Rk
´PoLb��Pº¢yRjlk�p�©H`�qL\xtbmp$oL|�{�}bmh~`ªr�`Y_PbKt`�_R`YoTh�iLb�{Rb¢��qT]£p jlk�jl]P|Tpxw#]P|Kr�`Khn]P|Th~`Ykmtb~|Lb�`�oR�§»�yRjlk�p�{Rb¢qT]�j{Lp
±õ]P\^k�{Ro§hn]Pa�qLk^b~oL\�]�\�{�jl|T`ªr�qT]�oL\.]PyLk�b~|Rjl\�rlbmp.�P�²yRjlk�p�{Rb+ru�æ`P{R\�bmp^p�b"`YyTp�]YrloLbP¬T®=]P\�p�{#� oL|Lb+jl|Tp�k�\�oThnkzjv]�|
��� � � � ��� �3� ���Yw�r¡� `P{R\�bmp�p�b"{Rb²\�b~k�]PoL\�bmp�k+`YoLk�]Pa�`�k�j�´PoLb~a�b~|Rk.qRr�`PhF}b~b"{L`Y|Tp;rlb"\�b~_�jpzk�\�b��$�LcP¬

252631

Opcode

0

cible

Cible : adresse cible du saut ou du branchement

J-Type

+�, - ��cP¬¤� � / 
 � � � ��� � � 
 � 	 ��� &('�)�)�)
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� ¼u|Tp�k�\^oThnk�jl]P|Tp!{Rb�k��RqTb�\�b~_�jpzk�\�b 	����³k��£qFb�� 	 �T_PoL\�b�c�¬æÁ ��¬
®�`+qL\�jl|Th^jlqT`ªrlb�oLk�j¤rsj�p�`�k�jl]P|À{Rb.hnb�±³]P\�a�`Yk�hn]P|Thnb~\�|Lb�rvbmp jl|Tp�k�\�oThnk�jl]P|Tp;`Y\�jlk�iLa9}b~k�j�´PoLbmp.t`+k^\�]Yj�p�]Po�´PoT`�k�\�b
]Pq�}b~\�`�|T{Rbmp�qLoRj�p�´�oLbKrlb§¾1¼�[��W�$ÁPÂPÂPÂÀjv|Th^rloLk�oL|9|L]PoL«Pbm`Yo k��£qFbÀ{#� jv|Tpzk�\�oThnk�jl]P|�{Rb�a¢oRrlk�jlqRr¤jh~`�k�jl]P| �
`P{L{�jlk�jl]P| /T]Pk�k�`�|£k�bP¬�� � b~k ����pz]P|£k;rlbmp;j�{Rb~|Rk�j �Hh~`Yk�b~oL\�p+{Rbmp�\�b~_Yj�p�k^\�bmp.p�]PoL\nhnbmp�`Nrv]�\�p.´�oLb � ��{;}bmp jl_P|Lb+rlb
\�b~_Yj�p�k�\�b�{Rbmp�kzjv|T`�k�jl]P|�¬�¶�`Y|Tp$rlbKh~`Pp�{#� oL|Lb¢jl|Tp�k^\�oThnk�jl]P|9{Rb�a¢oRrvkzjvqRr¤j�h~`Yk�jl]P| �u`�{L{�jvkzjv]�|�w�1�� � 1�� � 1 � p�]�|£k
{Rbmp�\�b~_Yj�p�k�\^bmp�/T]Pk�k�`�|£k�p�p�]�oL\�hnbPwT`ªrl]P\�p$´PoLb 1���{;}bmp jl_P|Lb+rlb"\�b~_�jpzk�\�b"{Rbmp�k�jl|T`Ykzjv]�|�¬

15162021252631

Opcode rs/fr/
fmt/sub

rt/ft rd/fs sa/fd

1011

Opcode : code de l’opération
rs : identificateur du registre source

fu

6 5 0

R-Type

rt : condition de branchement ou identificateur de registre cible ou

sa : nombre de décalage à effectuer (shift amount) / fd : registre

destination suivant l’instruction
rd : identificateur du registre destination

flottant destination (cas d’une opération à 4 opérandes)
fu : identificateur de l’instruction (function)

+�,.- ��c�¬æÁ � / 
 � � � � & � � 
 � 	 ��� &(' )�)�)
¼³r�bn�£j�p�k^b�{#�æ`YoLk^\�bmp;oLk�j¤rsj�p�`�k�jl]P|Tp!{Rb"hnb+±³]P\�a�`Ykmw£hn]�a�a�b+rlbmp.`YqLqFbnrp+`Yo§p��Lp�kmtb~a�b!´�oRj {;}bmh^rlb~|Th^iLb~|£k$oL|Lb
\�]PoLk�jl|Lb!p�]�oTp�rvb+hn]P|£k^\P¯]Yrlb!{Ro�a�`�|RjvqLoRr�`Yk^b~oL\�{#� bn�Thnb~qLk�jl]P|Tp;]Po¢yRjlb~|�rlbmp�jl|Tp�k^\�oThnk�jl]P|Tp�{�}bmh^rlb~|Th^iT`Y|£k�{Rbmp
\�]PoLk�jl|Lbmp.{#� bn�Thnb~qLk�jl]P|°`YqL\mtbmp�`ª«P]Yjl\.k^bmp�kL}b+oL|Lb�hn]�|T{�jvkzjv]�|�¬

tf�hnbmp�k�\^]Yj�p�k��£qFbmp.{Rb"yT`PpzbPwL]P|Rk�}b~kL}b+\�`���]PoLkL}bmp���±³]P\�a�`�k�p�p�oLqLqRr }b~a�b~|Rk�`ªjl\�bmp+{#� jl|Tp�k�\�oThnkzjv]�|Tp�©

� rvb²k��£qFb � �)� � 
�� 	 	 )�rl]£`Yk�jl|L_ �³qF]Yjl|£k�hn]P|T{�jlk�jl]P| �uhn]L{Rb�¼��³k��£qFb���w
� rvb²k��£qFb � & � � 
�� 	 	 )�rl]£`Ykzjv|L_ �³qT]Yjl|Rkehn]P|T{�jlk�jl]P| �uhn]L{Rb����³k��£qFb���w
� rvb²k��£qFb$&(� � � 
�� 	 	���b~_Yj�p�k�b~\$k�]@/T]£`Ykzjv|L_ �³qT]Yjl|Rkehn]P|T{�jlk�jl]P|°hn]�{Rb��n¬

��������� �	��
��������������������
���������������� �2��� ��
�&

®��æ`Y\�h^iRjlk�bmhnk�oL\�b![�]Y¿�b~\�hn]Pa�qLk�b.oL|
_P\�`Y|T{¢|L]�a�yL\^b�{Rb�±õ]P\^a�`Yk�p�{#� jl|Tp�k^\�oThnk�jl]P|Tp~w�]P| �~b.b~|�k�]�oLkm¬RÍ.|�qTb~oLk
hnb~qTb~|T{L`�|£k�{�j�p�k�jl|L_PoLb~\"�²±³]P\�a�`�k�p�qL\�jl|Th^jlqT`YoR��©

� ¼u|Tp�k�\^oThnk�jl]P|({RbKk��£qFb � 	���� � � � 	�� � 	 � � � � � 	 	����u��w �T_PoL\�b°cP¬æ� ��¬���b
±õ]P\^a�`Yk�px�æ`YqLqRr¤j�´PoLb1bmp�p�b~|Rk�jlbnrsrlb~a�b~|Rk
`YoR� ]�q�}b~\�`Ykzjv]�|Tp�`�\�jlk�iLa9}b~kzj´�oLbmp�{R]P|Rk¢rlbmp�{Rb~oR�(]Pq�}b~\�`�|T{Rbmp�p�]PoL\�hnbmp
p�]P|Rk�p jlk�o�}b~bmp \�bmp�qTbmhnkzjv«�b~a�b~|£k
{L`Y|Tp$rlbmp�\�b~_Yj�p�k^\�bmp & � �²b~k$& � ��wFrvb
\�}bmp�oRrlk�`�ke{Rb¢ru� ]�q�}b~\�`Ykzjv]�| �T_PoL\�`�|£k"{L`Y|Tp$rlb�\^b~_Yj�p�k�\�b�{Rbmp�k�jl|T`Ykzjv]�|
& �P¬L®#bmp.h^iT`Ya�qTp$Í.qKb~k�Í.q��§hn]P|Tp�k�jlk�oLb~|Rk;rvb"hn]L{Rb"]�q�}b~\�`Ykzjv]�|�b~k.p�]P|Kbn�Lk�b~|Tp jl]P|�¬T®#b�yRjlk & � qTb~\�a
b~kmw
´PoT`Y|T{
j¤r�bmp�k.«Y`ªr¤j{;}bPwRr�`�a jpzbÀt`$��]�oL\!{Rbmp!hn]L{Rbmp+hn]P|T{�jlk�jl]P|�¬

� ¼u|Tp�k�\^oThnk�jl]P| {Rb
k��RqTb � 	 � � � � � 	����h� � �	 � � � ��	����³¼�w �T_PoL\�b°cP¬lcmÂ �n¬���b
±³]P\�a�`Yk"`Àrlb�a°¯b~a�b¢oTp�`Y_Pb�´PoLb
rlb
±õ]P\^a�`Yk¢qL\L}bmhF}bm{Rb~|£kª¬�f+o9r¤jlb~oÌ{RbKqL\^]N«�b~|Rjv\K{#� oL|9\�b~_�jpzk�\�bPw�r�` {Rb~oR�£jutb~a
bK]Pq�}b~\�`�|T{Rb§p�]PoL\�hnbKbmp�k
oL|Lb
«N`ªrlb~oL\$jva
a }bm{�j�`Yk�bPwFhn]�{;}b~b"p�oL\"cmº²yRjlk�p$b~|¨hn]Pa�qRr~}b~a�b~|£k"t`�{Rb~oR��¬
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31210 10 11 15 16 20

Op Rs1 Opx

5 6

Rs2Rd

30

R
c

+�,.- ��c�¬æ� � � � � � ��� � � � 
 � ��� � 
 � 	 � 	���� � � � 	3� � 	���� � � � 	
& 	�� � ���0� 	 ©�rvbmp�{Rb~oR�K±³]P\�a�`Yk�p;qL\L}bmhF}bm{Rb~|£knp�px�æ`YqLqRr¤j�´PoLb~|Rke`�oR�Kjv|Tpzk�\�oThnk�jl]P|Tp$a9}b~a
]Yjl\�bmp~¬L¶�`Y|Tp.hnb¢h~`Pp
r¡� ]Pq�}b~\�`�k�jl]P|À`�\�jlk�iLa9}b~kzj´�oLb�bnÃ�bmhnk�o�}b~b"hn]�\�\�bmp�qF]P|T{K`Yo§h~`ªr�hnoRr�{#� oL|Lb�`P{R\^bmp�p�bP¬

0 3115 1665 10 11

Op ConstanteRd Rs1

+�,.- ��cP¬cmÂ � � � � � ��� � � � 
 � ��� � 
 � 	 � 	���� � � � 	3���o� � �	 � � � �

� ¼u|Tp�k�\^oThnk�jl]P|À{Rb$k��RqTb � � � � � � 	�� 	 � � 	 �T_�oL\�b"cP¬lc�c���¬���b�±³]P\�a�`Yk�px�æ`YqLqRr¤j�´PoLb"`YoR��yL\�`�|Th�iLb~a�b~|Rk�p;hn]P|T{�j �
k�jl]P|L|Lbnr�p!´�oRj�±³]P|£k+p�oRjlk�b�t`²ru��}b~«Y`ªrloT`Yk�jl]P|°{#� oL|Lb�hn]P|T{�jlk�jl]P|�¬
®#bÀ[�]Y¿�b~\�� oLk�j¤rsj�p�b1»¨hn]L{Rbmp�hn]P|T{�jlk�jl]P|(´�oRj!p�]P|Rk"jl|R±N}b~\�jlb~oL\mw�p�oLq�}b~\�jlb~oL\mw"}b~_£`Nr�b~k {;}b~yT]P\n{Rb~a�b~|£kª¬ �$|
\�b~_Yj�p�k�\�b�p�q�}bmh^j`Nr¡wL`YqLqFbnr }b$rvb � 
���� � � � 
��%& 	���� � � 	 ��wRp�b~\�k�t`"a9}b~a�]P\zjpzb~\�rlbmp�\L}bmp�oRrlk�`Yk�p�{Rbmp�]�q�}b~\�`Ykzjv]�|Tp�{Rb
hn]Pa�qT`Y\�`Njpz]P|§b~k$rlbmp�hn]�{Rbmp�hn]P|T{�jlk�jl]P|Tpejla�qRr¤jh^jlk�bmp 	�Á�hn]L{Rbmp!hn]P|T{�jlk�jl]P| jva
qRrsj�h^jlk�bmp�nw�qRrloTp�º�h�iT`�a�qTp
\�}bmp�oRrlk�`�k�p!{Rb
»§yRjlk�p"{Rb�hn]Pa�qT`Y\�`Njpz]P|�bn�LqRrsj�h^jlk�bmp~¬;��b~oR� �uh^j�qFb~\�a�b~k�k^b~|£k�r¡��}b~«N`NrvoT`�k�jl]P| t`
ru�æ`ª«N`Y|ThnbK{Rb
qRrvoTp�jvb~oL\np�hn]P|T{�jlk�jl]P|Tp!{Rb²yL\�`Y|Th^iLb~a�b~|Rk�p~¬
®#beh^iT`Ya�q ��� pR}bnrlbmhnk�jl]P|L|Lb.r�`¢hn]P|T{�jlk�jl]P|§{Rb+yL\�`Y|Th^iLb~a�b~|Rk 	�hnb!h�iT`�a�qÀ{Rb���yRjlk�p;qFb~\�a�b~k;ru�æ`P{R\�bmp�p^`Y_Pb
{#� oL|§yRjlk"{L`Y|Tp�rlb � 
���� � � � 
�� & 	���� � � 	 � ��¬T®#b¢h�iT`Ya
q ����p�q�}bmh^j �Tb�rlb�h~`ªr�hnoRr�{Rb²ru�æ`P{R\^bmp�p�b�h^jlyRrvb 	�p�`YoLk
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128 + 16 parity

DCU

(64 K)

DCU

(64 K)

(64 K)

DCU

DCU

(64 K)

8 entries

Decode,

Rename,

Control

6 entries

8 entries

4 entries

Store

ALUs
Dual

Load

DTLB

(GP)

Int

Regs
ALUs

Dual 

Decode

Control

&
8 entries

Instr.

Cache

(32 K)

ITLB

Units

Branch Cond.

Codes

32 + 4 parity

Address

32 + 4 parity

256 K

256 + 32 ECC

Data to

mem

to

I/O

to

mem

Memory

ControlInterface

I/O

+
1 parity In

st
ru

ct
io

n 
B

us

256

32 + 4 parity

64 + 8 parity

Instruction Reload

PBUS

4 x 36

(2 x 256)

(2 x 64)

SCU

FXU

FPUICU
D-cache

Dispatch Logic

Prefetch Buffers

Regs

FP

128 +

128 +

16 parity

16 parity

Synchronisation

 

+ ,.- �#�L¬lc � 
 
 � 
�� � � � � 	 ���  " #%� & �

®=b"[�]N¿�b~\��²bmp�k�y�¯`Ykzj `YoLk�]PoL\.{Rb�r` |L]PoL«Pbnr¤rlb�jla�qRr }b~a�b~|Rk�`Ykzjv]�|¨{Rb+ru�æ`Y\�h^iRjlk�bmhnk�oL\�b²a¢oRrvkzjh^iRjlq�[�]N¿�b~\ �lc �u¬
��]Pa
a�b�]P|Krlb²«P]YjlkepzoL\�r�` �T_PoL\^b��L¬lc�wRrlb"qL\�]Lhnbmp�p�b~oL\+bmp�k�hn]P|Tp�k�jlk�o�}b"{Rb"iRoRjvk�hn]Pa�qF]£p�`Y|Rk�p�qT`�\�k�jlk�jl]P|L|�}bmp+{Rb
a�`Y|Rjutb~\�b"p jla¢j¤r�`ªjl\�b�`Yo§[�]Y¿�b~\ªcP¬

� � � � � � � ��� � � � 
�� � � ��� 	 � � � � ��� � � ��_Ttb~\�b�rlb�h�iT`�\�_Pb~a�b~|Rke{Rbmpejl|Tp�k�\�oThnk�jl]P|Tp�`Njv|Tp�j�´PoLb²rlb~oL\�}b~a¢j�p�p jl]P|
«Pb~\�p;rlbmp+oL|RjlkL}bmp$b~|Rk�j¡tb~\�bmp$b~k /T]�k�k�`Y|Rk�bmp~¬#�;b~k�k�b"oL|RjlkL}b"bn��}bmhnoLk�b�}b~_£`Nrvb~a
b~|£k�rlbmp$jl|Tp�k�\^oThnk�jl]P|Tp�{Rb¢yL\�`Y| �
h�iLb~a�b~|Rk!`ªjl|Tp j�´PoLb¢hnbnrsrlbmp+qF]P\�k�`Y|Rk.p�oL\�rlb"\^b~_Yj�p�k�\�b"{Rb¢hn]P|T{�jlk�jl]P|Tp~¬

� � � / �_� 	 � �  
 � � � � � � � � /�� � �!]PoKoL|RjlkL}b�b~|£kzj¡tb~\�bP¬#��b~k^k�b�oL|Rjlk�}b²bn��}bmhnoLk�b�k�]PoTp;rlbmp+h~`ªr�hnoRr�p"{#�æ`P{R\^bmp�p�bmp~w
rvbmp$]Pq�}b~\�`Yk�jl]P|Tp�`Y\�jlk�iLa9}b~k�j�´�oLbmp�b~|£kzj¡tb~\�bmp�`ªjl|Tp j�´PoLb+rlbmp$]Pq�}b~\�`�k�jl]P|Tp�rv]�_Yj�´PoLbmp~¬

� � � / � 
 � � � � �\�  
 � � � � � � � � /  � �!]�o§oL|RjlkL}b&/T]Pk^k�`Y|Rk�bP¬F��]Pa�a�b¢p�]P|1|L]Pa ru� jl|T{�j�´�oLbPw�hnb~k�k�b²oL|Rjlk�}b²bmp�k
{Rbmp�k�jl|�}b~b�t`²\L}bm`ªr¤jpzb~\�ru� b~|Tpzb~a�yRrlb�{Rbmp.h~`ªr�hnoRr�p0/T]Pk�k�`Y|Rk�p~¬R·�r¤rlb�{�j�p�qF]£p�b�qT`Y\!`Njsr¤rlb~oL\�p+{#� oL|RjlkL}bmp${#�æ`Ph~hYtbmp+t`
r`�a9}b~a�]Yjl\�b�´�oRj�rloRj�qTb~\^a�b~k�k�b~|Rk"{#� bn��}bmhnoLk�b~\���oTp�´�o���t`K�
jl|Tp�k�\�oThnk�jl]P|Tp¢{Rb¢rlbmhnk�oL\^b�b~k"{#��}bmhn\zjvk^oL\�b¢qT`Y\
hn��h^rlbP¬

� � � � � � �\� � ��� � 	 � � � � ��� � � �.bmp�k.oL|§h~`Ph^iLb"{Rb"{R]P|L|�}b~bmp�`Pp^p�]�h^j�`Ykzjs±�qT`Y\�b~|Tp�b~a¢yRrlbÀt`²»�«P]�jvbmp�hn]P|Tpzk�j �
k�o�}b�{Rb"»�h^jl\�hnoRjlk�p$j�{Rb~|£kzj´�oLbmp~¬
��bmp�´�oT`Yk�\�b§h^jl\�hnoRjlk�p�`ªr¤jla�b~|£k^b~|£k
ru� b~|Tp�b~a¢yRrlb {Rbmp
oL|RjlkL}bmp qL\�}bmhF}bm{Rb~a�a�b~|Rk {;}bmhn\�jlk�bmp¢qT`Y\ r¡� jv|Rk�b~\�a9}b��
{�j`Njv\^b�{Rb"yLoTpxw�t`¢\�`ªj�p�]�|¨{Rb"{Rb~oR�§a�]Pknp�«Pb~\�p;r�`�)�� �²wT{Rb�{Rb~oR�¨´�oT`P{R\�oLqRrlbmp �³a�]�k�p 	�`ªr¤jv_�|�}bmp��«�b~\�p;r�`
)�[ �²wPb~k�oL|�yLoTp�{#� jl|Tp�k�\�oThnkzjv]�|Tp.{Rb.r�`�r�`Y\�_Pb~oL\�{#� oL|K´PoT`P{R\^oLqRrvb��³a
]Pk 	�cm��Á+yRjvknp�`Nrsjl_P|�}bmp��«Pb~\�p r¡� ¼�� �²¬
¶+b~oR� hn]P| �T_PoL\n`Yk�jl]P|Tp"{Rb�h~`Ph�iLb�p�]P|Rk�qT]£p�p�jvyRrlbmp�©#oL|Lb�hn]P| �T_PoL\�`Ykzjv]�|W{Rb��P�Pº �+]°hn]P|T{RoRjlkÀt`Àr¡� oLk�j¤rsj �
p�`Yk�jl]P|°{#� oL|°yLoTp+a }b~a�]�jv\^b�{#� oL|Lb²r�`Y\�_Pb~oL\"{Rb¢iRoRjlk�a�]Pk�p 	�hn]P| �T_PoL\n`Yk�jl]P|§\^b~qL\�}bmp�b~|RkL}b~b"p�oL\+r�` �T_PoL\�b
�L¬lc���`ªrl]P\�p+´�o�� oL|Lb�hn]P| �T_PoL\�`Ykzjv]�| t`¢a�]�jv|T{R\^b hn]�¯oLke{Rb�cm�PÁ �+] 	���hn]Pa�qT]Rp�`Y|Rk�p.¶²� ��`Yo r¤jvb~o�{Rb¢» �
{�jpzqT]£p�b~\n`"{#� oL|�yLoTp;{Rb�r�`+r�`Y\�_�b~oL\�{#� oL|�´�oT`P{R\�oLqRrlb��³a�]�km¬ �$|�´�oT`Yk�\�jutb~a
b�k��RqTb!{Rb$yLoTp�{#� oL|Lb�r�`Y\^_Pb~oL\
{Rb!{Rb~oR��a�]Pknp�bmp�k�{Rbmp�k�jl|�}b�`Yo�p��Lp�kmtb~a�b.{#� b~|£k^\�}b~bmp�-Yp�]P\�k�jlbmp~¬���b.yLoTp�qTb~\�a
b~k�{Rbmp;`Ph~hYtbmp�{Rb$k��RqTb�¶�¾1f
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t`²r�`¢a9}b~a
]Yjl\�bP¬
[�]PoL\��H`YyRj¤r¤j�p�b~\+rlbmpK}bmh�iT`Y|L_�bmp�b~|£k^\�b�rlbmp+{�jv«�b~\�p!hn]�a�qT]£p^`Y|£knp.{Ro¨h^jl\�hnoRjlkmwFoL|§qL\�]�k�]�hn]�rvb¢{Rb�{;}b~k�bmhnk�jl]P|
b~ke{Rb�hn]P\�\^bmhnk�jl]P|�{#� b~\�\�b~oL\�p+{Rb¢k��£qFb ·��.��bmp�k.jla�qRr~}b~a�b~|£kL}b�pzoL\+r¡� b~|Tp�b~a¢yRrvb�{Rb hnbmp+yLoTp 	�{�}b~k�bmhnk�jl]P|
{Rb"{Rb~oR�§b~\�\�b~oL\�p~wFhn]P\�\�bmhnk�jl]P|§{#� oL|Lb�p�b~oRrlb���¬

� � � 
 ��
�� � ��	 ��
�� � ��
 � � � � � � 
 � � ��bmp�k²r�`�{Rb~\�|Rjutb~\^b�oL|RjlkL}bK\�b~qL\L}bmpzb~|£kL}b~b�p�oL\�hnb~k�k�b
�T_�oL\�bP¬;�P]P|9\P¯]Yrlb
bmp�k.{Rb�_ }b~\�b~\�rlbmp.hn]Pa�a¢oL|Rj�h~`Yk�jl]P|Tp$b~|£k^\�b.rlb�qL\�]Lhnbmp�p�b~oL\$b~k�rlbmp.`YoLk�\�bmp
}bnr }b~a�b~|Rk�p�{Ro§p��Lp�kmtb~a�b 	uoL|RjlkL}bmp
{#� b~|£k^\�}b~bmp�-Yp�]P\�k�jlbmp~wYa9}b~a�]Yjl\�b+qL\�jl|Th^jlqT`ªrlb���¬#·�r¤rlb"hn]Pa�a¢oL|Rj�´PoLb¢`m«�bmh�ru� � � � b~k;r�` /�� � qT`Y\;r¡� jv|Rk�b~\�a9}b��
{�j`Njv\^b�{Ro  � � � b~k!`ª«Pbmh�rlbmp!`YoLk^\�bmp�}bnr~}b~a�b~|£knp�qT`Y\�rlb²yLoTp.p��Lp�kmtb~a
bP¬T�;b~k�k�b+oL|RjvkL}b�_Ttb~\�b§}b~_£`ªrlb~a�b~|Rk;rvbmp
jv|Rk�b~\�\^oLqLk�jl]P|Tp.bn�Lk�b~\�|Lbmp$`ªjl|Tp j ´�o�� oL|¨hn]P|Rk�\P¯]�rvb~oL\+{Rb"qTb~\z±õ]P\^a�`Y|Thnbmp 	u«�]Yjl\!h�iT`�qRjvk^\�b"ÁL¬æ� �n¬

&���&�� & � � ��
� ��� �������

®�` �T_PoL\�b"�L¬ �"\^b~qL\�b~|T{�ru� jla�qRr�`Y|Rk�`Yk�jl]P|1qLi£�Lp j�´�oLb�{Ro¨¾1¼�[����.ÁPÂ�ÂPÂL¬F��]Pa�a
b"{L`Y|Tp;rlb�h~`Pp�{Ro°[�]N¿�b~\��¹w
|L]PoTp²`m«�]P|Tp!p^h�i�}b~a�`Yk�j�pR}b�rlb�qT`Y\�kzjvkzjv]�|L|Lb~a�b~|£k¢{Rbmp�hn]Pa�qF]£p�`Y|Rk�p�{Rb�a�`�|Rj¡tb~\�b§t`
±¡`Njv\^b�\�bmp�p�]�\�k�jl\epz]P|W`Pp�qFbmhnk
a¢oRrlk�j �uh�iRjlq�¬

R8010

R8030

R8000

72 80

Cache

(16 Ko)

History

Branch

(1024 x 1)

Integer

Multiply,

Divide

Dual-Port

TLB

(3 x 128)

Instruction

Dual-Port
Data

Cache

(16 Ko)

General

Registers

(32 x 64)

FPQ

FP
Registers

(32 x 64)

L
D
Q

S

Q

6464

64

64

64

64

64

64

64

64

37375032

40

TBUS

Interleaved
Tag SRAM

Interleaved Data SRAM
(1 Mo  -  16 Mo)

64

EXTERNAL CACHE

FPCINTEGER UNIT

Dispatcher

Instruction
IBUF

ALUs

Integers

Adders

Address

shifter

FPUs

D

 

C
O

N
T

R
O

L
E

U
R

 D
E

 C
A

C
H

E
 / 

IN
T

E
R

F
A

C
E

 B
U

S 
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®=b�¾1¼�[����$ÁPÂPÂPÂ$bmp�k�]P\�_£`Y|Rj�pR}b�`YoLk�]PoL\�{Rb�k�\�]Yj�p�oL|Rjlk�}bmp=rl]P_Yj�´PoLbmpx¬ � ]PoLk�{#�æ`YyF]P\�{er¡� � � � 	���	 � � � � �P]Po²oL|RjvkL}b

b~|Rk�j¡tb~\�bP¬���b~k�k�b²oL|Rjlk�}b¢_Ttb~\�b�rlb�h�iT`�\�_Pb~a�b~|Rk!b~k+ru��}b~a¢j�p�p jl]P|�{Rbmp$jl|Tp�k�\�oThnkzjv]�|Tp�b~k+ru� b~|Tp�b~a¢yRrlb�{Rbmp+]Pq�}b~\�`Yk�jl]P|Tp
`Y\�jlk�iLa9}b~k�j�´�oLbmp�b~|Rk�jutb~\^bmp~wLhnb"´PoRj pz]PoTp;b~|£k�b~|T{K`�oTp�p j#r�`¢_�}b~|�}b~\�`Yk�jl]P|�{Rbmp.`P{R\�bmp�pzbmp~¬F��behn]�a�qT]£p^`Y|£k.`YqLqT`�\�`ªjlk
p�]PoTp$rlb�|L]�a:{Rb �$ÁPÂPÂPÂL¬#¼¡r�hn]P|Tp�k�jlk�oLb¢qT`Y\+r�` a¨¯b~a�b�ru��}bnr~}b~a
b~|£k$rlb�qRrloTp"hn]Pa�qRrlbn�Lb�{Rb�hnb~k�k^b `�\�h�iRjlk�bmhnk^oL\�bP¬
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f+oLk�]PoL\�{Rb§hnb§hn]Pa�qF]£p�`Y|Rk¢«Pjlb~|L|Lb~|Rk�p~�æ`���]PoLk^b~\"oL|LbKoL|RjlkL}b /T]�k�k�`Y|Rk�b 	�hn]�a�qT]£p^`Y|£k��.Á�ÂLcmÂ �+b~k�oL|9_�\�`Y|T{
h~`Ph^iLb�bn��k^b~\�|Lb�rloRj �³a°¯b~a
b"a¢oRrlk�j �uhn]Pa�qT]Rp�`Y|Rk!`YqLqTbnr~}b � � � 	��2�$� � � ����� � 	 ¬

[�]�oL\�r�`1a¢j�p�bKb~|WÄ�oL«R\�b�a�`YkL}b~\�jlbnr¤rvb§{#� oL| p��Lp�kmtb~a�bPwFj¤r�±¡`YoLk�{Rb�qRrloTp¢oL| ��hn]P|£k^\P¯]Yrlb~oL\�{RbÀh~`Ph^iLb��Lw�b~|
±u`ªjlkKoL|LbWoL|RjlkL}b {#� jv|Rk�b~\�±u`PhnbW`ª«Pbmh rlb�\�bmpzk�b�{Ro¸p��Lp�kmtb~a
bP¬.��b hn]P|£k^\P¯]Yrlb~oL\K|�� bmp�kKqT`PpÀ±õ]�oL\�|Rj�{L`Y|Tp
rlb§��b~o
{Rb�hn]Pa
qT]£p�`�|£k�p$qL\�]PqF]£pR}b"qT`Y\"¾1¼�[�� 	�hY� bmpzk!qF]PoL\�´�oL]Yj�|L]PoTp$ru�æ`ª«P]P|Tp�p�h^i�}b~a�`Yk�j�pR}b�b~| qT]Yjl|Rk�j¤rsr~}bmp��w�a�`ªj�p$rvbmp
±³]P|Thnk�jl]P|L|T`ªr¤jlkL}bmp�´�o�� j¤rH{R]Yjlk�\�b~a
qRrsjl\�p�]�|£k�{�}b�T|Rjlbmp~¬ tf(h�iT`�\�_Pb�qF]PoL\�h^iT`P´PoLb�jl|£kL}b~_P\�`Yk^b~oL\�{Rb�a�b~k^k�\�b�b~|²Ä�oL«£\^b
rlb�hn]P|Rk�\P¯]�rvb~oL\+{Rb�h~`Ph^iLb+rlb"qRrloTp!`�{L`YqLkL}b�t`�p�]�|§`YqLqRr¤jh~`�k�jl]P|�¬

®=bmp°}bmh^iT`Y|L_Pbmp�b~|£k^\�b¢ru� ]Pq�}b~\�`Yk�b~oL\-/T]Pk^k�`Y|Rk�b~k�ru� oL|RjlkL}b�b~|Rk�j¡tb~\�b�p�b
±õ]�|£k�qT`Y\�ru� jl|£k�b~\^a }bm{�j�`ªjl\�bK{Ro � � � 

{#� oL|Lb$r�`Y\�_Pb~oL\�{RbeÁPÂ�yRjlk�p~¬£®=bmp�Á�yRjlk�p�{Rb!qF]Yj�{Lp�±³]P\�k�p�]P|Rk�p�q�}bmh^j�`ªrlb~a�b~|Rk.{�}bm{�j~}bmp;`Yo�hn]P|Rk�\P¯]�rvb+{Rbmp�k^\�`Y|Tp ±³b~\�k�p
b~|Rk�\�b¢ru� ¼ ��b~k�r�`A)�[ �"¬�®=bmp�}bmh�iT`�|L_Pbmp�`ª«Pbmh²rlb���hn]P|£k^\P¯]Yrlb~oL\"{RbÀh~`�h�iLb�� |�� oLk�j¤r¤jpzb~|£k�{R]�|Th�´PoLb �N�KyRjlk�p²{Ro
� ½ ���T¬

&���&���� � �  #"%$'&�����(�)

FP Registers

Multiply

Integer Registers

Add/Divide

Level Two Cache

FPFP

(Scache) (96 Ko)

(8 Ko)

Cache Control and Bus Interface Unit (Cbox)

Control

Scache Access Board-level

Control

Bus Interface

Unit (BIU)
Backup Cache

(Ebox)

Integer Integer
Execution Execution

Unit 2Unit 1

Data Cache

Branch
History

(2 Ko x 2)

Instruction
TLB

(8 Ko)

Instruction Cache

Instruction Fetch/Decode Unit (Ibox)

Dispatch Logic
PC

Unit

Instr. Buffers

Integer Execution Unit FP Execution Unit
(Fbox)

Dcache Access
Control

Dual-Read
Write Buffer Translation

Buffer

Miss Address
File

Memory Address Tanslation Unit (Mbox)

(48 entries)
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tf3r�`K{�j¤Ãe}b~\�b~|Thnb�{Rbmp$qL\�]Lhnbmp�p�b~oL\�p+qL\L}bmp�b~|Rk�}bmp�qL\L}bmhF}bm{Rb~a
a�b~|£kªwRrlb ¶�·��Ì�¹cPcmºY»�bmpzk!oL|�hn]Pa�qF]£p�`Y|Rk+a�] �
|L]Yr¤jlk�iRj�´PoLbP¬+®#bmp
qTb~\�±³]P\�a�`�|Thnbmp�{Ro�¶�·�� �Lc�cmºY»�`Ya9}bnrsjl]P\^b~|£k�hnbnr¤rlbmp§{Ro�¶�·�� �¹cmÂPºY» t` k�\�`ª«Pb~\�p�r�`�a jpzb
b~|°Ä�oL«£\^b {Rb�{�jl«Pb~\�pzbmp�a�]L{�j �Hh~`Yk�jl]P|Tp+k�bnr¤rlbmp"´�oLb²r¡� `YoL_Pa�b~|Rk�`Yk�jl]P|�{Rb²r�`
±õ\L}bm´�oLb~|Thnb�{Rb²ru� iL]P\�rl]P_Pb¢b~k"{Rb²r�`
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k�`ªj¤r¤rlbÀ{Rbmp�h~`�h�iLbmp 	u_R`ªjl|�k�bmh^iL|L]Yrl]P_Yj�´PoLb��nwFr¡� `Ph~hn\�]Yj�p�p�b~a
b~|£k¢{Ro¨|L]�a�yL\^b {#� jv|Tpzk�\�oThnk�jl]P|Tp°}b~a¢j�p+qT`Y\"hn�Lh^rlb�b~k
r�`�{�jla¢jl|RoLk�jl]P|�{RoKk�b~a�qTp.{Rb�r�`Yk�b~|Thnb�{Rbmp�qRjvqFbnr¤jv|Fbmp~¬

®=be�Lc�cmºY»"bmpzk�hn]�|Tp�k�jlk�o�}b�{Rb"�²oL|Rjlk�}bmp�±³]P|Thnk�jl]P|L|Lbnr¤rlbmp!`YoR�T´�oLbnrsrlbmp+«�jlb~|L|Lb~|£k!px�æ`Y��]PoLk�b~\�{Rb~oR�À|Rjl«Pbm`YoR�§{Rb
h~`Ph^iLb�©

� ®�� � � � � ��� � � � 
 ��/ 	 � � � � ��� � 	�� 
�� 	 � � � � 	 � � 
 � ��_Ttb~\�b!b~k�}b~a�b~k;rvbmp�jv|Tpzk�\�oThnk�jl]P|Tp$«Pb~\�p�ru� � � 
 � wPr�` � � 
 �
b~k.r�`�/ � 
 � 	u«P]�jv\�hnb�´PoRj�pzoRjvk ��¬��;b~k�k�b¢oL|Rjlk�}b�jv|Rk�b~\�«�jlb~|£k¢{�jl\�bmhnk�b~a�b~|Rk"{L`Y|Tp$rlb�h^iT`Y\�_Pb~a�b~|Rk�{Rbmp$jv|Tp �
k�\�oThnk�jl]P|Tp�b~k���]PoLb�oL|1\P¯]Yrlb�bmp�p�b~|Rk�jlbnr�{L`Y|Tp;r�`�_�bmp�k�jl]P|§{Rbmp�jv|Rk�b~\�\^oLqLk�jl]P|Tp.b~k+{Rbmp�bn�¹hnb~qLkzjv]�|Tp~¬

� ®�` � 	�� 
���
 ����� � 	 ��� � � � � � � � � � 
�� � � � � 	 � � 
 � �+_Ttb~\^b�k^]PoLk�bmp+rlbmp²]Pq�}b~\�`Yk�jl]P|Tp�{Rb
rlbmhnk�oL\�b -�}bmhn\�jlk�oL\�b
«Pb~\�p�r�`�a9}b~a�]Yjl\�bP¬

� ®#b � ��� � 	 ��
�� � ��
 ��� ��� � � � � � � 	 � 1 ����	 � � � ��	 � � 
 � �.k^\�`ªjlk�b¢k�]PoTpervbmp¢`Ph~hYtbmp§}b~a¢j�p+qT`Y\�r�`¨¾1yF]m�°b~k
jva
qRr }b~a�b~|Rk�b�k�]PoLk�bmp�rlbmp�±õ]P|Thnkzjv]�|Tp.{#� jl|£k^b~\�±¡`�hnb�b~|£k�\^b.r�`¢a9}b~a�]Yjl\�b+b~k�rlb�\�bmp�k�b"{Ro§pz��p�kmtb~a�bP¬R®�`���yF]m�
hn]P|£k^\P¯]Yrlb�rlb h~`�h�iLb°p�bmhn]P|T{L`ªjl\�b 	 
�������� 	 ��`ªjl|Tp j"´�oLbKrlb � 
 � � � � � 	���	�� � ��� � � � � ����� 	 � � � � ��� 	 � ´�oRj
hn]P|Tp�k�jlk�oLb�oL|1k�\�]Yj�p jutb~a
b�|Rjv«�bm`Yo¨{Rb"h~`Ph^iLbPwL]PqLkzjv]�|L|Lbnr b~k.bn�Lk�b~\�|Lb"`�o¨hn]Pa�qF]£p�`Y|Rkm¬

� ®�� � � � 	 � 	 � � � 	 � ��� � 
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 � ��k^\�`ªjlk�b!hn]Pa
a�bepz]P|�|L]Pa�ru� jl|T{�j�´PoLb�r¡� b~|Tp�b~a¢yRrvb"{Rbmp�h~`ªr�hnoRr�p+`Y\�jlk�i �
a }b~k�j�´�oLbmp�b~|Rk�jlb~\�p~¬

� ®�` / � 
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 � � � � � � � 	 / � 
 � ��bmp�k.\�bmp�qF]P|Tp�`YyRrlb¢{Rb�ru� bn��}bmhnoLk�jl]P|§{Rbmp$]Pq�}b~\n`Yk�jl]P|Tp /T]Pk�k�`�|£k�bmpx¬
� ®#b"¶�·�� �¹cPcmºY»²jla�qRr }b~a�b~|Rk�b�}b~_£`ªrlb~a�b~|Rk�k�\�]Yj�p�k��RqTbmp.{Rb¢h~`Ph^iLb�©

� oL|§h~`Ph�iLb¢{Rb"{R]P|L|�}b~bmp�qL\�jla�`ªjl\�b 	 � ������� 	 � �
� oL|§h~`Ph�iLb¢{#� jl|Tp�k�\�oThnkzjv]�|Tp.qL\�jla�`Njv\^b 	 � ����� � 	 � �
� oL|§h~`Ph�iLb¢p�bmhn]P|T{L`ªjl\�b²a¢j¤��k^b 	 
�������� 	 ��¬

®#b��Lc�cmºY»;±õ]�oL\�|Rjlk {Rb;qRrvoTp�rlb.hn]P|Rk�\P¯]Yrlb;|�}bmhnbmp�p�`Njv\^b�`Yo"\�`���]�oLk={#� oL|�k^\�]Yj�p j¡tb~a�b�|Rjl«Pbm`�o�{Rb.h~`Ph^iLb�bn�Lk�b~\�|Lb
	 � � ��� � 	 �n¬
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µ$]PoTp;`YyT]P\n{R]P|Tp�j�h^j�yL\�j¡tb~«Pb~a
b~|£k�r¡� jva
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EXECUTEDECODE WRITEBACKADDRESS

Chargement des instructions Décodage
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Calcul des adresses mémoires

Accès au D-cache

Résolution de branchement

Mise à jour des registres

dépendance calcul d’adresse
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dépendance chargement - 0 cycle

Prédécodage

Prédiction de branchement

mauvaise prédiction de branchement - 3 cycles

FETCH

Lecture des registres

Exécution des opérations
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Résolution de branchement
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®�� ]P\�_£`�|Rjp^`Yk�jl]P|§{Rb�hnb"qRjlqTbnr¤jl|LbK{�jsÃ�tb~\�b�{Rbmp$qRjlqTbnr¤jl|Lbmp���¼��L�6k�\�`�{�jvkzjv]�|L|Lbnrp+k^bnr hnbnrloRj�{Ro¨¾1¼�[�� �$�PÂPÂPÂ
	�hn]P|R±Y}b~\^b �T_PoL\�b��L¬æ� �T]Po�{Rbmp�qL\�b~a¢jlb~\�p��PqT`Y\�hY¬��PoL\�oL|²qL\�]�hnbmp^p�b~oL\�p�h~`ªr�`ªjl\�b;k�bnr�´�oLb�rlb.�.�PÂPÂPÂ¹wnrlb�hn]Pa�qRj¤r�`Yk�b~oL\
k�\�]�oL«Pb.b~|�_ }b~|�}b~\�`ªrLoL|Lb+jv|Tpzk�\�oThnk�jl]P|
jl|T{�}b~qTb~|T{L`�|£k�b"{Ro � 
 � ��t`ejv|TpR}b~\�b~\;b~|£k�\^b.rlb � 
 � �+b~k�p�]�|�oLk�j¤r¤j�p�`Yk�jl]P|�¬F·�|
oLk�j¤r¤j�p�`Y|Rk"hnb~k�k�b�pzk�\�oThnk�oL\�b¢{Rb¢qRjvqFbnr¤jv|LbPw�{L`Y|Tp�rlb�h~`Pp!{Ro�¾1¼�[��À�.Á�ÂPÂPÂLwRrlb�hn]Pa�qRj¤r�`Yk�b~oL\¢`YoL\�`ªjlk�{�¯oKjl|TpR}b~\�b~\
{Rb�»¦t` ��jv|Tpzk�\�oThnk�jl]P|Tp�jl|T{�}b~qFb~|T{L`Y|£k^bmp¢qT]PoL\�hn]P|Tpzb~\�«Pb~\²rlb�qRrlbnjl|(oTp�`�_PbÀ{Ro qRjlqTbnr¤jl|LbP¬+��b~k�k�b�p jlk�oT`Yk�jl]P|9`
}b~kL}b���oL_�}b~b$qTb~o§qL\^]PyT`YyRrlb�qT`Y\�rlbmp.hn]P|Thnb~qLk^b~oL\�p.´�oRj�]P|Rk�qL\L}bn±N}b~\�}b;jl|£«�b~\�p�b~\�rlbmp�}b~k�`Y_Pbmp;{Rb"h~`ªr�hnoRr�{#�æ`�{R\�bmp�p�b+b~k
{#� bn��}bmhnoLk�jl]P| 	�hn]Pa�a�b"{L`Y|Tp�rvb¢[�b~|£kzjvoLa ��¬
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��b~k�`Y\�{Rb~\$ru��}b~k�`�_Pb�{#� bn��}bmhnoLkzjv]�|¨{L`Y|Tp$rlb¢qRjlqTbnr¤jl|LbPw�hn\L}b~b�qT`�\"hn]P|£k^\�b"oL|Lb¢|L]PoL«Pbnr¤rlb�q�}b~|T`ªr¤jvkL}b�rl]P\np�´Po�� oL|Lb
jl|Tp�k�\�oThnkzjv]�|À{Rb � 
 � �+]Po�{Rb � ��
�� 	 \�bm´�oRjlb~\�k�qT]PoL\;rlb�h~`ªr�hnoRr�{#� `P{R\�bmp�p�b�{Rbmp;]Pq�}b~\n`Y|T{Rbmp�h~`ªr�hnoRr~}b~bmp;qT`Y\�{Rbmp�jv|Tp �
k�\�oThnkzjv]�|Tp.`Ya�]P|Rk�p �L` �T|°{�}b~«�jvk^b~\�k^]PoLk�b�q�}b~|T`NrsjlkL}bPw�rvb¢hn]Pa�qRj¤r�`Yk�b~oL\�p�b"{R]Yjlk�{#� jl|Tp£}b~\�b~\.{Rb²»¨t`
��jl|Tp�k�\�oThnk�jl]P|Tp
jl|T{�}b~qFb~|T{L`Y|£k^bmp�b~|Rk�\�b�rlb�h~`ªr�hnoRr�{Rbmp+]Pq�}b~\�`Y|T{Rbmp+{#�æ`P{R\�bmp�p^`Y_Pb"b~k$rlb²rv]R`P{ -Np�k�]�\�bP¬��Pbnrl]P|1rlbmp�hn]P|Thnb~qLk�b~oL\np"{Rb
¾1¼�[��Tw�rlbmp¢{;}b~qFb~|T{L`Y|Thnbmp�{Rb � 
 � � � � � 	 `�qLqT`Y\�`ªj�p�p�b~|Rk¢qRrloTp�±³\L}bm´PoLb~a�a
b~|£k¢{L`Y|Tp�rvbmp qL\�]P_P\�`�a�a�bmp"´�oLb
rvbmp
{;}b~qFb~|T{L`Y|Thnbmp�{Rb!h~`ªr�hnoRr�{#�æ`P{R\�bmp^p�bPwPqT`Y\^k�j�hnoRrsjutb~\�b~a�b~|Rk�{L`Y|Tp�rlbmp�hn]L{Rbmp;b~|£k�jlb~\�p;`ª«Pbmh�yTbm`�oThn]PoLqÀ{Rb$yL\�`Y|Th^iLb��
a�b~|Rk�p~¬P®#b�|L]PoL«�bm`Yo�a�]L{Rb.{#�æ`P{R\�bmp�p^`Y_Pb � 	 � � � � � 	 � � 	���� � � � 	 w~qT]PoL\�rlbmp�]Pq�}b~\�`Yk�jl]P|Tp�{Rb�rl]£`P{ -Npzk�]P\�b /T]Pk�k�`Y|Rk�bmp
{Rb~«R\�`ªjlk.qTb~\^a�b~k�k�\�b¢{Rb�\L}bm{RoRjl\�b+rlb²yTbmp�]Yjl|�{Rb�qL\L}bmh~`ªr�hnoRrvb~\$rlbmp!`�{R\�bmp�p�bmp~¬
�$|¨{Rb~oR�Rj¡tb~a�b�jl|Thn]P|£«;}b~|Rjlb~|Rk t`�hnb~k�k�b+±³]P\�a
b"{Rb"qRjlqTbnr¤jl|Tb�bmpzke´�o�� bnr¤rlb `���]�oLk�b�oL|¨hn�Lh^rlb {Rb²q�}b~|T`ªr¤jlkL}b"p�oL\

rlbmp�yL\n`Y|Th�iLb~a
b~|£k�p²a�`Nr�qL\L}bm{�jlk�p~w�rlbK\L}bmp�oRrlk�`Yk�{Ro9yL\�`Y|Th^iLb~a�b~|Rk�|���}b~k�`Y|Rk�hn]P|L|Ro(´Po�� `Yo(´PoT`�k�\�j¡tb~a�bKhn�Lh^rvbP¬
¶�`Y|Tp�rlb"h~`Pp�{#� oL|Lb+a�`YoL«N`Njpzb�qL\�}bm{�j�hnk�jl]P|�wRk�\�]�jp�hn�Lh^rlbmp.p�]P|Rk.`ªrl]P\�p;|�}bmhnbmp�p^`ªjl\�bmp;qT]PoL\�\�bmh^iT`Y\�_Pb~\;rlb�qRjlqTbnr¤jl|Lb
	�p�]�jvk$oL|Lb"qTb~\^k�b"{Rb�cm��jl|Tp�k�\^oThnk�jl]P|Tp��¬

¶+bmp¢p jla¢oRr�`Yk�jl]P|Tp¢\L}bm`ªr¤j�pR}b~bmp²`Yo9p�bnjl|({Ro9qL\�]P��b~k���f�[�� �lcm����]P|Rk"a�]�|£k�\L}b�´�o�� oL|9p jla�qRrlb§\L}b~]P\�{R]P|L|T`Y| �
hnb~a�b~|Rk�{Ro9hn]�{Rb�`Pp�p�b~a¢yRrlb~oL\¢|Lb�qTb~\�a
b~k"qT`Pp²{Rb�k�jl\�b~\"qT`�\�k�jlbÀ{Rb�hnb~k�k�b�qT`Y\^k�j�hnoRr`�\�jlk�}b�{Ro qRjlqTbnr¤jl|LbP¬ �$|Lb
\�bn±³]P|Rk�b"hn]Pa�qRrutb~k^b"{Ro§qL\�]Lhnbmp�p�oTp+{Rb"_�}b~|�}b~\�`�k�jl]P|À{Rb"hn]L{Rb¢bmp�k.|�}bmhnbmp�p�`ªjl\�b�qF]PoL\!]�yLk�b~|Rjl\e{Rbmp$qTb~\�±³]P\�a�`Y|Thnbmp
qRrloTpK}bnrlb~«�}b~bmp.p�oL\!hnb~k�k^b"p�k�\�oThnk�oL\^b"{Rb"qRjlqTbnr¤jl|Lb�qT`Y\.\n`YqLqT]P\^k�t`�r`�p�k�\^oThnk�oL\�b�k�\�`�{�jvkzjv]�|L|LbnrsrlbP¬

WRITEBACKEXECUTEDECODE

Exécution des opérations :

- Opérations longues : 8.. 23 cycles
- Opérations régulières : 4 cycles

Chargement des instructions

Prédiction de branchement

Emission

Décodage
- Opérations courtes : 1 cycle

FETCH

Prédécodage

Lecture des registres

Mise à jour des registres
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®=b§qRjlqTbnr¤jl|Lb /T]Pk�k�`�|£k�{Ro��.ÁPÂPÂ�Â 	 �T_�oL\�b¨�L¬ » �"bmp�k�k�]Pk�`Nrvb~a
b~|£k�{;}bmhn]PoLqRr }b°{Ro qRjlqFbnrsjl|Lb b~|£kzjvb~\ª¬+�Pb~oRrp
rlbmp�}b~k�`Y_Pbmp�{Rb�h^iT`Y\�_Pb~a
b~|£k�b~k§{Rb�{�}bmhn]L{L`Y_Pb�p�]P|RkÀhn]�a�a¢oL|Tp~¬.�;b {;}bmhn]PoLqRr�`Y_Pb°qTb~\^a�b~k§{Rb�a�`Pp^´PoLb~\
rlb
k�b~a�qTp¢{#�æ`�h~hNtbmp"`�o h~`Ph^iLbKbn�Lk�b~\�|LbK´PoRj!p~� bnÃ�bmhnk�oLb�b~|(�§hn�Lh^rlbmp�b~k²r�` r�`Yk�b~|Thnb§{Rbmp²]Pq�}b~\n`Yk�jl]P|Tp /T]Pk�k�`�|£k�bmpx¬
®#b��.ÁPÂ¹cmÂ;)�[ � jla�qRr~}b~a
b~|£k�b¢k�\^]Yj�p+k��RqTbmp�{#� ]Pq�}b~\�`�k�jl]P|Tp.`Y\�jlk�iLa9}b~k�j�´�oLbmp�`YqLqTbnr~}bmp � 
�� ��� � ���	�� � � � 	 ��b~k � 
�� � ¬
[�]PoL\�bn��}bmhnoLk�b~\�h�iT`PhnoL|§{Rb�hnbmp�k�\^]Yj�p�k��RqTbmp�{Rb+yT`Pp�bPwRoL|§hnb~\�k�`ªjl|�|L]Pa¢yL\�b�{Rb"hn��h^rlbmp�bmp�k�|�}bmhnbmp�p�`ªjl\�b�`YoKp�bnjl|
{Rb"h^iT`PhnoL|Lb"{Rbmp;oL|RjvkL}bmp�±õ]�|Thnk�jl]P|L|Lbnr¤rvbmpx¬���iT`�´PoLb�oL|RjlkL}be{#� bn��}bmhnoLkzjv]�|�bmp�k.hn]Pa
qRr¡tb~k�b~a�b~|Rk�qRjvqFbnr¤jv|�}b~b"b~k�qTb~oLk
\�bmhnb~«P]�jv\$oL|Lb"|L]PoL«Pbnr¤rlb¢]Pq�}b~\n`Yk�jl]P|�t`�h�iT`�´PoLb¢hn��h^rlb 	 «P]Yjl\!h^iT`YqRjlk�\�b�»T¬æ� qT]PoL\.qRrloTp+{Rb�{;}b~k�`ªj¤r�p��¬
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®=b�qRjlqFbnrsjl|LbKb~|Rk�jlb~\�bmp�k�{�}bmhn]Pa�qF]£pR}b�b~| �¦}b~kn`Y_Pbmp 	�º�{L`Y|Tp$rlb�h~`Pp+{Rbmp+]Pq�}b~\�`Yk�jl]P|Tp�a9}b~a�]Yjl\�bmp ��¬T®���}b~k�`Y_Pb
p�oLqLqRr~}b~a
b~|£k�`Njv\^b�qT`Y\.\�`YqLqF]P\�k"t`²oL|KqRjlqTbnr¤jl|Lb���¼��L��k�\�`�{�jvkzjv]�|L|Lbnr hn]P\�\�bmpzqT]P|T{�t`�r�`¢qLiT`Pp�b"{Rb�qL\L}bm{;}bmhn]L{L`Y_Pb
{Rbmp+jl|Tp�k^\�oThnk�jl]P|Tp"´�oRj�qFb~\�a�b~k"{Rb�pR}b~qT`Y\�b~\+rlbmpejv|Tpzk�\�oThnk�jl]P|Tp²b~|Rk�j¡tb~\�bmp+b~k-/T]Pk^k�`Y|Rk�bmp!{Rbmpejl|Tp�k�\�oThnk�jl]P|Tp²qF]P\ �
k�`Y|Rk�p�oL\²rlb§\�b~_Yj�p�k^\�b§{Rb§hn]P|T{�jlk�jl]P|(b~k�{Rbmp²jl|Tp�k^\�oThnk�jl]P|Tp�{RbKyL\�`Y|Th^iLb~a�b~|£kª¬���b~k�k�b�qT`Y\�kzjhnoRr�`Y\zjvkL}bKqTb~\^a�b~k
{#�æ`Y|Rk�j�h^jlqTb~\$rlbmp.yL\�`�|Th�iLb~a�b~|Rk�p$b~k!{Rb�\L}bm{RoRjv\^b+rvbmp+hn�Lh^rvbmp�{#� `Yk�k�b~|Rk�b$jv|T{RoRjlk�px¬

®=b [�]Y¿�b~\���`�hn]�|Tp�b~\�«�}b²rlbmp�a°¯b~a�bmp.qRjlqFbnrsjl|Lbmp�´�oLb�hnb~oR�°jva
qRr }b~a�b~|Rk�}bmp�p�oL\+rlb�[�]Y¿�b~\mc 	 «P]Yjl\ �lc�� ��¬���b��
qTb~|T{L`�|£k rvbmp oL|Rjlk�}bmp1{#� bn��}bmhnoLk�jl]P|¸`���]PoLkL}b~bmp§t`9hnb~k�k^b�|L]PoL«Pbnr¤rlb `�\�h�iRjlk�bmhnk^oL\�b°rloRj�qFb~\�a�b~k�k�b~|Rk§{Rb�k�\n`ªjlk�b~\
p jla¢oRrlk�`Y|�}b~a
b~|£k¢oL|9qRrloTp�_�\�`Y|T{ |L]Pa¢yL\�bÀ{#� jv|Tpzk�\�oThnk�jl]P|Tp~¬;®�` �T_PoL\�bK�L¬æ�°{;}b~k�`ªj¤r¤rvb�rlbmp¢qRjlqFbnrsjl|FbmpK{Rb§hnb~k�k�b
`Y\�h^iRjlk�bmhnk�oL\�bP¬

®�`"qLiT`�p�b � / 	uqT]�oL\ � � � � ��� � � � 
�� / 	 � � � ��bnÃ�bmhnk�oLb+rlb�h�iT`Y\^_Pb~a�b~|Rk�{Rb�Á�jl|Tp�k�\�oThnk�jl]P|Tp²t`�qT`Y\�kzjv\.{Ro§h~`Ph^iLb
{#� jl|Tp�k�\^oThnk�jl]P|Tp¢{L`Y|Tp�r¡� oL|({Rbmp"{Rb~oR�9k�`Ya�qF]P|Tp"{#� jl|Tp�k^\�oThnk�jl]P|9a¢j�p²b~|WÄ�oL«R\�b�t`§hnb~k¢bnÃ�b~k�p�oL\²rlbK[�]N¿�b~\��¹¬
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WB

REMAPPD FPD FPE1 FPE2 FPWB

FXEFXD

Disp/BRE

WB alus / C

IF

Pipeline flottant

Prédécodage FPU - Exécution 2FPU - Exécution 1FPU - Décodage

Mise à jour registres

Emission de 4 inst. vers FXU et FPU

FXU - Décodage FXU - Exécution

Renommage

Décodage
Lecture des opérandes

Mise à jour registres

Pipeline entier

Exécution instruction 
accès au cache de données
Résultat des ALUs ou

Mise à jour registres

Décodage / EmissionChargement instructions

Inspection de  2 instr. supplementaires
Lecture de 8 instructions Décodage de six instructions

Exécution de 2 instr. en interne

+�,.- �#�¹¬æ� �  � � 	�� � � 	�� ���  �"$#%��&��

®���}b~k�`Y_Pb�p�oRjl«N`�|£k�	 � � � � � � & � �Tk�\n`ªjlk�b�p j¤��jl|Tp�k�\�oThnk�jl]P|Tp�p�jva¢oRrlk�`Y|�}b~a�b~|Rkm¬~¼³rLbnÃ�bmhnk�oLb�oL|¢qL\L}bm{;}bmhn]�{L`�_Pb�qT`�\�k�jlbnr
{Rbmp$jl|Tp�k�\�oThnkzjv]�|Tp+k�]PoLk.b~|�pR}b~qT`Y\�`Y|Rk;rvbmp$jl|Tp�k^\�oThnk�jl]P|Tp+b~|Rk�j¡tb~\�bmp$b~k /T]�k�k�`Y|Rk�bmp.{Rbmp�jl|Tp�k�\�oThnk�jl]P|Tp�k�\�`ªjlkL}b~bmp�b~|
jl|£k^b~\�|Lb 	�{L`Y|Tp�ru� ¼�� � ��¬L¶+b~oR��oL|RjlkL}bmp�{Rbe{;}bmhn]�{L`Y_�bep�oLqLqRr~}b~a�b~|£kn`ªjl\�bmp;qTb~\�a�b~k^k�b~|£k.{#� jl|Tp�qFbmhnk�b~\$r`¢p�b~qLkzj¡tb~a�b
b~k�iRoRjlk�j¡tb~a�b$jl|Tp�k�\�oThnkzjv]�|�qF]PoL\�{;}b~k�bmhnk�b~\�oL|¥}b~«�b~|£k�oLbnrTyL\n`Y|Th�iLb~a
b~|£km¬¹��b~k�}b~k�`Y_Pb�p�b+k�b~\�a¢jl|Lb+qT`Y\�ru��}b~a¢j�p�p jl]P|
qT]Rp�p jlyRrlb�{Rb�»²jl|Tp�k�\�oThnk�jl]P|Tp$«Pb~\�p�rlbmp�oL|RjlkL}bmp�b~|Rk�jutb~\^b!b~k2/T]�k�k�`Y|Rk�b.b~k�qT`Y\;ru� bn��}bmhnoLk�jl]P|§{Rb"{Rb~oR��jl|Tp�k�\�oThnk�jl]P|Tp
b~|�jl|£k^b~\�|Lb 	�pz]Yjlk�{Rb~oR�§yL\n`Y|Th�iLb~a
b~|£k�pxw�pz]Yjlk.oL|§yL\�`�|Th�iLb~a�b~|Rk.b~k�oL|Lb�jl|Tp�k^\�oThnk�jl]P|§qF]P\�k�`�|£k.p�oL\;rlb"\�b~_�jpzk�\�b
{Rb�hn]�|T{�jvkzjv]�| ��¬

®���}b~k�`�_Pbe{#��}b~a¢j�p�p jl]P|1|Lb"k�\n`ªjlk�b�`YyTpz]YrloLa�b~|£k+qT`Pp�rlbmp�{�}b~qTb~|T{L`�|Thnbmp�{Rb�{R]P|L|�}b~bmp!´�oRj�pz]P|£k$_ }b~\L}b~bmp�{�jv\^bmh�
k�b~a�b~|Rk¢qT`Y\¢rlbmp¢oL|RjlkL}bmp�±³]P|Thnk�jl]P|L|Lbnr¤rlbmp�\L}bmhnb~qLk�\�j�hnbmp�{Rbmp²jl|Tp�k�\^oThnk�jl]P|Tp~¬���b~k^k�bÀ{�j¤Ã�}b~\^b~|Thnb§`m«�bmh¢rlbmp�`YoLk^\�bmp
qL\�]Lhnbmp�p�b~oL\�p$´PoRj�]YÃ�\�b~|Rk�oL|Lb+_Pbmp�k�jl]P|§hnb~|Rk�\�`Nrsj�pR}b~b!qFb~\�a�b~k.{#�æ`YoL_�a�b~|£k^b~\�rlb�qT`Y\n`ªr¤r¡tbnr¤jpza�b"{Rbmp�jv|Tpzk�\�oThnk�jl]P|Tp~¬

�;]P|£k^\�`ªjl\�b~a�b~|Rk.`Yo§[�]Y¿�b~\ªcPwYrlbmp�oL|RjlkL}bmp�b~|£kzj¡tb~\�bmp�|Lb�qL\�b~|L|Lb~|Rk�p�oL\;r¡� ¼uyLoTp�´�oLb+rvbmp�jl|Tp�k�\�oThnkzjv]�|Tp.´PoRj�rvbmp
hn]P|Thnb~\�|Lb~|Rkm¬�[�`Y\�`ªj¤r¤rlb~oL\�p�qF]PoL\"`YyTp�]P\^yTb~\+rlb&/T]Pk"{#� jl|Tp�k�\�oThnkzjv]�|Tp~wFr�`�k�`ªj¤r¤rvb�{Rbmp+yLoRÃ=b~\np$jva
qRr`�|£kL}bmp�p�oL\$rvbmp
oL|RjlkL}bmp${#� bn��}bmhnoLk�jl]P|§` }b~k�}b!pz��p�kL}b~a�`Ykzj´�oLb~a�b~|Rk.{R]PoLyRr }b~bP¬ tf3|L]Pk�b~\K}b~_£`ªrlb~a�b~|Rk;rvb � 
�� � ��� {Rb�ru��}b~k�`�_Pbe{#� `Ph~hNtbmp
t`²r�`¢a9}b~a�]Yjl\�b�qF]PoL\�rlbmp.]�q�}b~\�`Ykzjv]�|Tp�b~|Rk�jutb~\^bmp.{Rb"\�b~_�jpzk�\�b�t`¢\�b~_�jpzk�\�b"´�oRj�qTb~\�a
b~k!{#��}bmhn]�|L]Pa¢j�p�b~\.oL|§hn�Lh^rlbP¬
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D’Instructions

Dispatch des instructions

(Largeur de chaque
buffer : 200 bits)
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t`¢oL|1yRjvkª¬T®#b�p^h�i�}b~a�`¢�L¬æÁ²\�b~qL\�b~|T{1p�]P|K]P\�_R`Y|Rj�p�`Yk�jl]P|Kb~k!pz]P|�±õ]�|Thnk�jl]P|L|Lb~a�b~|Rkm¬

7041

806

1023

00

Masque de validitê

704

1

1023

OU

806
dstV Index cible src

2

2

1

3

dly

0

dst

0 1

branch

2 3

"Delay slot " : instruction toujours exécutée aprés une
instruction de saut ou de branchement.

Cache de 
Branchement Cache d’Instructions

+ 4
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 &('�) )�)
®=b�h~`Ph^iLb�{#� jl|Tp�k^\�oThnk�jl]P|Tp$b~k.rlb�h~`�h�iLb¢{#�æ`P{R\�bmp�pzbmp.{Rb"yL\�`�|Th�iLb~a�b~|Rk�p�]P|Rk!`Ph~hF}bm{;}bmp;b~|§qT`Y\�`Nrsrutbnrvb²rl]P\�p+{Rb

ru��}b~kn`Y_Pb�{Rb�h^iT`Y\�_Pb~a�b~|Rk.{Ro§qRjlqTbnr¤jl|Lb£¬��;iT`P´PoLb²b~|£k^\�}b~b�{Ro¨h~`Ph^iLb�{#� `P{R\�bmp�p�bmp${Rb"yL\�`Y|Th^iLb~a�b~|Rk!`¢oL|1yRjvk�{Rb
qL\L}bm{�jhnkzjv]�| `�p�p�]Lh^j }bP¬#�Yj�hnbnrvoRj �uh^j�bmp�k!«Y`ªr¤j�{RbPwFjsr�jl|T{�j�´�oLb�oL|Lb�{�jp^hn]P|£kzjv|RoRjlkL}b
	uoL|°p�`YoLk+]Po§oL|1yL\�`Y|Th^iLb~a�b~|Rk��
{L`Y|Tp�r�`�rsjl_P|Lb�{RoKh~`Ph�iLb�{#� jl|Tp�k�\^oThnk�jl]P|Wt`+r�`P´�oLbnr¤rvb�j¤rHbmp�k.`Pp�pz]�h^j~}bP¬P¶¢tbmp�rl]P\�p rlbmp�cmÂ�yRjlk�p�{RoKh�iT`�a�q�{#�æ`P{R\^bmp�p�b
h^jlyRrlb¨p�]P|Rk�{�jl\�bmhnk^b~a�b~|£k�h�iT`Y\^_ }bmp�{L`Y|Tp�rlb§[�� 	�`�o°r¤jvb~o�{#� jl|Thn\L}b~a
b~|£k�b~\¢hnbnrloRj �uh^j"{RbK»Kjl|Tp�k^\�oThnk�jl]P|Tp��¬�®#bmp
{Rb~oR�¨h^iT`Ya�qTp+p�oLqLqRr }b~a�b~|Rk�`ªjl\�bmp 	 � � � b~k � � � ��qL\L}bmh^j�p�b~|Rk�rlbmp.qF]£p jlk�jl]P|Tp�{Rb�r�`�{Rb~\�|Rj¡tb~\�b�jl|Tp�k�\�oThnk�jl]P|�{L`Y|Tp�r�`
r¤jl_P|Lb�p�]PoL\�hnb�b~k�r�`¢qL\^b~a¢j¡tb~\�b�jv|Tpzk�\�oThnk�jl]P|°{L`Y|Tp;r�`¢r¤jl_P|Lb¢{Rbmp�k�jl|T`Yk�jl]P|�¬
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tf�|L]�k�b~\!´�oLb�qF]PoL\+a�`ªjl|£k^b~|Rjv\+r�`�hn]Pa�qT`YkzjvyRj¤r¤jlkL}b¢yRjl|T`ªjl\�b�`ª«Pbmh$rlbmp+_�}b~|�}b~\�`�k�jl]P|Tp;qL\�}bmhF}bm{Rb~|£k�bmpxwRrlb ¾1¼�[��
�.ÁPÂ�ÂPÂ�bn��}bmhnoLk�b�p��Lp�kL}b~a�`Yk�j�´�oLb~a�b~|£k�ru� jl|Tp�k�\�oThnk�jl]P|°´PoRj�p�oRjlk�rlb"p�`YoLk�qTb~|T{L`�|£k.´�oLb+r¡� `P{R\�bmp�p�b�h^jlyRrlb"bmp�k.h^iT`Y\ �
_�}b~bP¬

®�`"«Y`ªr¤j�{�jvkL}b"{Rb+r�`²qL\�}bm{�j�hnk�jl]P|K|�� bmpzk�qT`Pp�hn]P|L|RoLb"`ª«N`Y|Rk�ru��}b~k�`Y_Pb!{#� bn��}bmhnoLk�jl]P|À{RoKqRjlqFbnrsjl|Lb
	�p�]�jvk.�¢hn�Lh^rvbmp
`YqL\mtbmp�rvb°h�iT`�\�_Pb~a�b~|Rk�{Rbmp¢jl|Tp�k�\^oThnk�jl]P|Tp�{L`�|Tp²rlb¨h~`Pp�{Ro�¾1¼�[��W�$ÁPÂPÂPÂ �n¬ ¶�`�|Tp²rlb¨h~`Pp�{#� oL|LbKa�`YoL«N`Njpzb
qL\L}bm{�jhnkzjv]�|�wT��hn�Lh^rvbmp�pz]P|£k�qFb~\�{RoTp~¬

�;b¨a9}bmh~`Y|Rj�p�a�b |Lb�qTb~\�a
b~k§qT`PpÀr`¦qL\L}bm{�j�hnk�jl]P|3{Rb�qRrloTp jlb~oL\�p°yL\�`Y|Th^iLb~a�b~|Rk�p§{L`�|Tp�r�`9a°¯b~a�b1r¤jv_�|Lb
{#� jl|Tp�k�\^oThnk�jl]P|Tp¢a�`ªj�p¢qFb~\�a�b~k�{#� b~a¢yT]�¯� k^b~\�qRrloTp jlb~oL\�p�qL\L}bm{�j�hnk�jl]P|Tp�hn]P|TpR}bmhnoLk�jl«Pbmp~¬�·�| h~`Pp¢{RbKqL\L}bmp�b~|Thnb§{Rb
{Rb~oR��yL\n`Y|Th�iLb~a
b~|£k�p�pzoTh~hnbmp�p j¤±¡p�{L`�|Tp�r`$a°¯b~a�b�r¤jl_P|LbPwªrlbmp�qFb~\�±õ]�\�a�`Y|Thnbmp�\�j�p�´�oLb~|£k�{#�å¯b~k�\�b�{;}b~_P\�`P{;}b~bmp~¬~f+oTp�p juw
rlb�hn]Pa�qRj¤r�`Yk�b~oL\�{R]Yjlk¢p~� bnÃ�]P\�hnb~\�{#� jl|TpR}b~\^b~\�{L`Y|Tp$r�`Ka°¯b~a�b²r¤jl_P|LbÀ{Rb�´PoT`Yk^\�b¢a�]Pk�p�{Rbmp²p£}bm´�oLb~|Thnbmp�{Rb�hn]L{Rb
bn��}bmhnoLk�`YyRrlbmp;jl|Thn]P|T{�jlk�jl]P|L|Lbnrrvbªa�b~|Rkm¬

��Æ�� �87 �#� � � 5 ���� � � É Ç��Æ�� ��� � Ê� � �.1 ! � � * : ®=b ¶�·�� �LcPcªºY»¢jla�qRr }b~a�b~|Rk�b�rvoRj�`�oTp�p j�oL|Lb¢k�`YyRrlb�{Rb
qL\L}bm{�jhnkzjv]�|§{Rb�yL\�`Y|Th^iLb~a�b~|£knp�a�`ªj�p�yT`�p£}b~b�p�oL\�oL|Lb�qL\L}bm{�j�hnk�jl]P|Wt`¢{Rb~oR�KyRjlk�p�p�bnrl]P|�ru�æ`ªrl_P]P\�jlk�iLa
b"{Rb¢�Pa¢jlk�i�¬
��b~k�k^b.k�`YyRrlb�bmp�k�`Ph~hT}bm{;}b~b.b~|�qT`�\�`ªr¤r¡tbnrlb"`ª«Pbmh;rlb"h~`Ph^iLbe{#� jl|Tp�k^\�oThnk�jl]P|Tp�`Yo�|Rjv«�bm`Yo§{Rb.ru��}b~k�`Y_Pb.{Rb"h^iT`Y\�_Pb~a
b~|£k
{RoKqRjlqTbnr¤jl|Lb£¬�¶+b~oR�KyRjlk�p.p�]P|Rk!`Pp^p�]�h^j~}bmpet`
h�iT`P´�oLb"´�oT`P{R\�oLqRrlb��³a�]Pkm¬=��]Pa�a�b+]P|�ru�æ`¢«RoKqL\L}bmhT}bm{Rb~a�a�b~|Rkmw�rvbmp
jl|Tp�k�\�oThnkzjv]�|Tp�pz]P|£k�{;}bmhn]�{;}b~bmp�`Yo�|Rjl«Pbm`Yo�{Rb�ru��}b~k�`�_Pb.p�oRjl«N`Y|Rk�b~k�r¡� `P{R\�bmp�p�b+h^jvyRrlb"{#� oL|9}b~«Pb~|Rk�oLbnrTyL\�`Y|Th^iLb~a�b~|Rk
bmp�k.hn]P|L|Ro t`�r�` �T|§{Rb"hnb~k�}b~k�`Y_�bP¬R�YjHrlbmp�yRjlk�p�{#� iRj�p�k^]P\�j�´PoLbmpxwThn]P|R±³]P\�a9}b~a�b~|£k!t`�ru�æ`ªrl_P]�\�jlk�iLa�b+\�`YqLqTbnr~}b �T_PoL\�b
�L¬æ�¹wªjv|T{�j�´�oLb~|£k+´PoLb$rlb!yL\�`�|Th�iLb~a�b~|Rk�{R]�jvk²¯b~k�\�b�qL\�j�p~w�rlbeh^iT`Y\�_Pb~a
b~|£k�bmp�k.`ªrl]P\np�\�bm{�jl\�jl_�}b.«Pb~\�p;hnb~k�k�b.|L]PoL«�bnrsrlb
`P{R\�bmp^p�bP¬

P : 

FP : 

FNP : 

NP : 

branchement pris

branchement faiblement pris

branchement faiblement non pris

branchement non pris

P FP FNP NPpris

non pris

pris

non pris

pris

non pris

pris

non pris

+�,.- �#�L¬ � � � � � 
�� � � �*� 	 � 	 � ���	 � � � � � 
 � � 	 � � � � ��� 	L� 	 � ����� � � � �	� �	���

¶�`�|Tp�r�`
a�bmp�oL\�b�]�toKj¤r�±u`YoLk.oL|¨hn�Lh^rlb"qF]PoL\eh~`NrhnoRrlb~\$ru�æ`P{R\�bmp�pzb�h^jlyRrlbPw#oL|Lb � � � � 	 	�hY� bmp�k"t`�{�jl\�b²oL|¨hn�Lh^rlb
p�`Y|Tp=jl|Tp�k�\�oThnkzjv]�| ��bmp�k pz��p�kL}b~a�`Ykzj´�oLb~a�b~|Rk#jl|TpR}b~\L}b~b�{L`�|Tp#rlb�qRjlqTbnr¤jl|Lb"`YqL\mtbmp=k�]PoLk�yL\�`Y|Th^iLb~a�b~|£kª¬P��b~qFb~|T{L`Y|Rkmw
´�oT`Y|T{�{Rbmp�jl|Tp�k^\�oThnk�jl]P|Tp;\�bmp�k�b~|Rk�yRrl]�´�o�}b~bmp;{L`Y|Tp�rlbmp
}b~kn`Y_Pbmp�`m«Y`ªr�p�{Rb�ru� ¼ yT]ª��wYrlb!¶�·�� qTb~\�a
b~k�ru� �	�� � � � 	L� 	 � �
{Rb�hnb~k^k�b�yLoRr¤rvb¢qT`Y\+{Rbmp;jl|Tp�k�\�oThnk�jl]P|Tp$qT]Rp�kL}b~\zjvb~oL\^bmp~¬

®=b"¶�·�� �Lc�cmºY»�p�oLqLqT]�\�k�b�qRrloTp jlb~oL\�p+|Rjl«Pbm`YoR�¨{#�æ`�|£k�j�h^jlqT`Yk�jl]P|°{Rb"yL\�`�|Th�iLb~a�b~|Rk 	l��oTp�´�o���t`�º �n¬
®=bmp�qL\L}bm{�jhnkzjv]�|Tp�p�]P|Rk�k�bmp�kL}b~bmp�qT`Y\�ru�æ·�yF]m��´�oRjTa�b~ket`;��]PoL\�r�`�kn`YyRrlb!{Rb.yL\�`Y|Th^iLb~a�b~|Rkm¬L�;b~k�k�b�}b~«Y`ªrloT`Yk�jl]P|

jl|£k^b~\�«Pjlb~|RkK\�bnr�`Yk�jl«Pb~a�b~|RkKk�`Y\n{({L`Y|Tp
rlb°qRjlqTbnr¤jl|Lb£w�`Yo(|Rjl«Pbm`�o¸{Ro6{Rb~oR�£jutb~a
b¸}b~k�`Y_Pb§{#� bn��}bmhnoLk�jl]P|�w�hnb�´�oRj
jl|£k^\�]�{RoRjlk¢oL|Lb�q�}b~|T`ªr¤jlkL}b�{Rb��§hn�Lh^rlbmp¢qT]PoL\²«Pj�{Rb~\²rlb�qRjlqFbnrsjl|Lb°b~k"\^b~qL\�b~|T{R\�b
rvbKh^iT`Y\�_Pb~a�b~|Rkm¬���b~qFb~|T{L`Y|Rkmw
{#�æ`YqL\mtbmp�rlbmp+hn]P|Thnb~qLk�b~oL\�pxwThnbnr�`�{Rb~«£\n`ªjlk!`Y\�\�jl«Pb~\.{L`Y|Tp�a�]Yjl|Tp.{Rb�cm� � {Rbmp.h~`�p�_�\P¯`Phnb�t`²ru� jla�qT]P\^k�`Y|Rk�b�k�`YyRrlb
{Rb�qL\�}bm{�j�hnk�jl]P|({Rb�yL\�`Y|Th^iLb~a�b~|Rk 	�� � �³b~|Rk�\L}b~bmpxw�oL|Lb�qT`Y\²jv|Tpzk�\�oThnk�jl]P| �+jla�qRr }b~a�b~|RkL}b~bmp~¬�¶+b�qRrloTp~w�rl]P\�p²{Ro

ó³ô�í#ó�ö
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h^iT`Y\�_Pb~a�b~|Rk�{RoWh~`Ph^iLb {#� jv|Tpzk�\�oThnk�jl]P|Tp~w=rlbmp�yRjlk�p�{#� iRj�p�k�]�\�j�´PoLbmp�|Lb�p�]P|Rk!qT`�p$jv|Rjlk�j�`ªr¤j�pR}bmp�hnb�´�oRj�qTb~\�a
b~k�{Rb
hn]P|Tp�b~\^«Pb~\�r�`�k^\�`Phnb�{Rbmp.yL\�`�|Th�iLb~a�b~|Rk�p�a°¯b~a�b�`YqL\mtbmp�oL|°{�}bn±u`YoLk.{Rb�h~`Ph^iLbP¬

®=b�¶�·��°�LcPcmºY»$a�b~k�}b~_R`ªrlb~a�b~|£k�b~|�Ä�oL«R\�b;oL|Lb�qRj¤rlbPwY_�}b~\�}b~b�hn]Pa�a�b;oL|Lb�´�oLb~oLb.h^jv\nhnoRr`Njv\^b!{Rb!cm��b~|£k�\L}b~bmp~w
oLk�j¤r¤j�p£}b~b¢qT]�oL\+rvbmp$\�b~k�]�oL\�p!{Rb²qL\�]LhT}bm{RoL\�bP¬���b~k�k�b�qRj¤rlb�bmp�k�p�]Yr¤r¤j�h^jlk�}b~b¢rl]P\np!{Ro°{�}bmhn]L{L`Y_Pb�{Ro°hn]�{Rb¢]Pq�}b~\�`Yk�jl]P|
{RbKru� jl|Tp�k^\�oThnk�jl]P|�¬$��iT`PhnoL|Lb¨{Rbmp b~|£k�\L}b~bmp¢{Rb¨hnb~k�k^bKqRjsrlb�p�`YoL«�b~_£`Y\�{RbKoL| jl|T{Rbn�Ì{Ro�h~`Ph^iLb§{#� jl|Tp�k�\�oThnk�jl]P|Tp
´�oRj qFb~\�a�b~k�k�\n`�{Rb²qL\�}bm{�jl\�b¢oL|Lb�`P{R\�bmp�pzb�{Rb"\^b~k�]PoL\m¬���b"a9}bmh~`Y|Rj�p�a�b¢´PoRj�|�� bmp�k+qT`Pp$a¢j�p+b~|§Ä�oL«R\�b�p�oL\$rvbmp
`YoLk�\^bmp�`�\�h�iRjlk�bmhnk^oL\�bmp.{R]P|L|Lb�oL|Lb�_P\n`Y|T{Rbep�¯oL\�b~kL}b+{Rb+r` qL\�}bm{�j�hnk�jl]P|§{Rb$ru�æ`P{R\�bmp�pzb"{Rb�\�b~k�]PoL\m¬ �.|Lb�b~\^\�b~oL\!{Rb
qL\L}bm{�jhnkzjv]�|�qL\^]N«�]�´�oLb~\�`$oL|Lb�bn�Thnb~qLk�jl]P|�b~k�p�b~\�`+\L}bmp�]YrloLb�{Rb�r�`+a°¯b~a�b�a�`Y|Rj¡tb~\�b�´Po�� oL|Lb�a�`�oL«N`ªj�p�b�qL\L}bm{�jhnkzjv]�|
{Rb"yL\n`Y|Th�iLb~a
b~|£km¬��P]P|Rk§}b~_£`ªrlb~a�b~|Rk.qL\L}bm{�jp¢t`¢qT`Y\^k�jl\e{Rb�hnb~k�k�b�qRj¤rlbPw#rlbmp+h�iT`�|L_Pb~a�b~|Rk�p!{Ro°a�]L{Rb�[Ff�®�«�b~\�p
rlb"a�]L{Rb�oLk�j¤r¤j�p�`Yk�b~oL\�b~k.«�j�hnb��³«Pb~\�p�`¹¬

��Æ�� �87 �#� � � 5 ���� � � É Ç��lÆ?� �Y� � Êl� �+Æ �¢� �4! ®#b§[�]Y¿�b~\n�K|�� oLk�j¤r¤j�p�bKqT`Pp¢{RbKqL\L}bm{�jhnkzjv]�| {R�R|T`Ya¢j�´�oLb¨{Rb
yL\�`Y|Th^iLb~a�b~|Rkm¬;¼³r+jva
qRr }b~a�b~|Rk�b�{Rb~oR�(oL|RjvkL}bmp�{Rb {;}bmhn]�{L`�_Pb§qT`Y\^k�jlbnr¡w�{;}bm{�j~}b~bmp�`YoR�(yL\n`Y|Th�iLb~a
b~|£k�pxw�b~kKpR}b��
qT`Y\L}b~bmp¢{Rbmp�oL|RjlkL}bmp¢b~|£kzj¡tb~\�bKb~k@/T]Pk^k�`Y|Rk�bP¬�®#b~oL\�\�¯]YrlbKbmp�k�{Rb¨{;}b~k�bmhnk�b~\²rlbmp¢jl|Tp�k^\�oThnk�jl]P|Tp�{Rb§yL\�`Y|Th^iLb~a�b~|Rk
{L`Y|Tp�rlbKk�`Ya�qF]P|W{#� jl|Tp�k^\�oThnk�jl]P|Tp¢b~|9`ª«N`Y|ThnbKp�oL\²rlb /T]Pk�{#� bn��}bmhnoLkzjv]�| {Rb
±¡` �hn]P|Ìt`1`Y|Rk�j�h^jvqFb~\¢rlb§h~`ªr�hnoRre{Rb
ru�æ`P{R\�bmp^p�b�h^jvyRrlbK`ªjl|Tp j�´�oLb"r�`K{�jl\�bmhnk�jl]P|9{Ro°yL\�`Y|Th^iLb~a�b~|Rkm¬�®#bmp�`Ph~hYtbmp!`Yo�h~`Ph^iLb�{#� jl|Tp�k�\�oThnkzjv]�|Tp"p�]P|Rk�`ªjl|Tp j
{;}bmhn]�oLqRr }bmp¢{RbKru� bn��}bmhnoLk�jl]P|9b~k²rlbmp�yL\n`Y|Th�iLb~a
b~|£k�p�jl|Thn]P|T{�jlk�jl]P|L|Lbnrõp�qFb~oL«Pb~|Rk�|�� jl|Rk�\�]L{RoRjl\�b¨`YoThnoL|9\^b~k�`Y\�{#¬
�$oRjvk$jl|Tp�k�\�oThnkzjv]�|Tp.b~|§pR}bm´PoLb~|Thnb"pz]P|£k�jv|TpzqTbmhnkL}b~bmp~¬T®#bmp$oL|Rjlk�}bmp.{Rb"{;}bmhn]�{L`�_Pb�qT`Y\�k�jlbnr `Nrsjla�b~|Rk�b~|Rk�rlbmp.oL|RjlkL}bmp
{Rb�yL\�`�|Th�iLb~a�b~|Rk�\�bmp�qF]P|Tp�`YyRrlbmp²{Rbmp"h~`ªr�hnoRr�p"{#�æ`�{R\�bmp�p�bP¬�¶¢tbmp!´�oLb¢ru�æ`P{R\�bmp^p�b�h^jvyRrlb�bmp�k"{�j�p�qT]�|RjvyRrlbPw�rlbmpejv|Tp �
k�\�oThnkzjv]�|Tp!p�]�|£k+qL\L}bmh^iT`Y\�_�}b~bmp�{L`Y|Tp+oL|§kn`Ya�qT]�|¨p�q�}bmh^j`Nrvb~a
b~|£k�\L}bmp�b~\�«�}b�t`�hnb~k�oTp^`Y_PbP¬#®�� ¼�� ��{�jpzqT]£p�b�`YoTp�p j
{#� oL|9a�]L{RbK{#��}b~a¢j�p�p�jv]�|({Rbmp²jl|Tp�k�\�oThnk�jl]P|Tp
hn]P|T{�jlk�jl]P|L|LbnreoLkzjsr¤j�pR}b�rv]�\�´Po�� jsr+bmp�k¢|�}bmhnbmp�p�`Njv\^bÀ{Rb§h~`ªr�hnoRrlb~\�oL|Lb
hn]P|T{�jlk�jl]P|�¬ %+\P¯`PhnbÀt` ru� b~|Tp�b~a¢yRrlb�{Rb�hnbmp+a9}bmh~`Y|Rj�p�a�bmpxwLrlbmp+yL\�`Y|Th^iLb~a�b~|Rk�p$|L]P|§qL\�j�p+|�� jl|Rk�\�]L{RoRj�p�b~|£k"`�oThnoL|
\�b~k�`�\�{¢b~k;rlbmp�yL\�`Y|Th^iLb~a�b~|Rk�p;qL\�j�p�b~|£k^\�`Y¯� |Lb~|£k�oL|�\�b~k�`Y\n{�{#�æ`�o�a�`ª�Rjla�oLa�oL|§hn�Lh^rlb 	�´PoT`�|T{¢rlbmp.hn]P|T{�jlk�jl]P|Tp
{Rb"yL\n`Y|Th�iLb~a
b~|£k!pz]P|£k.hn]P|L|RoLbmp¢t`¢k�b~a�qTp�n¬

Résolution du branchement par la FXU

Cas d’un branchement pris

CYCLE

FETCH

DISPATCH

DECODE

EXECUTE

Séq. Séq. Séq.

1 2 3 4 5 6

Séq.CibleSéquentiel

C1 C2 C3

CMP BR C4 C5 T1 T2 C8 C9 

C6 C7 T3 T4 C10 C11

CMP  C1 C2  C3

CMP  C1 T1  T2

T5 T6

T7  T8

T1  T2 T3  T4

Résolution du branchement par la FXU

Chargement de 6 instr.
inspection de 2 instructions
supplémentaires

2 instr. en interne  +  
4 instr. vers unités flottante
et entière

Cas d’un branchement non pris

CYCLE

FETCH

DISPATCH

DECODE

EXECUTE

Séq. Séq. Séq.

1 2 3 4 5 6

Séq.CibleSéquentiel

C1 C2 C3

C4 C5 T1 T2 C8 C9 

C6 C7 T3 T4 C10 C11

CMP  C1 C2  C3 C4  C5 C6  C7

CMP  C1 C2  C3  C4  C5 C6  C7

CMP  BR

Vers unité de branchement
adresse cible connue au cycle 2

+�, - �#�L¬lcªÂ � � � � � 	�� � � � � � � 	�� 	 � � � � 
���� � � � 
���� 	�� � � � � � 	  " #%� &��
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®�` �T_PoL\�b��L¬cmÂ�qL\L}bmpzb~|£k�b²ru� bn�Lb~a�qRrlbÀ{#� oL|�yL\�`Y|Th^iLb~a�b~|Rk�hn]P|T{�jlk�jl]P|L|Lbnru¬��Pb~oRrlbmp¢p�]P|Rk�\�b~qL\L}bmp�b~|£kL}b~bmp�rvbmp
jl|Tp�k�\�oThnkzjv]�|Tp"´�oRj�hn]P|Thnb~\^|Lb~|£k+r�`;)�� �3b~k+rvbmp+oL|RjlkL}bmp�{Rb¢yL\�`Y|Th^iLb~a�b~|£knp~¬H¶�`�|Tp�rlb�h~`Pp�{#� oL|°yL\�`Y|Th^iLb~a�b~|Rk
qL\�j�p~wF]P|§\^b~a�`Y\�´�oLb"oL|�hn�Lh^rvb�{Rb²q�}b~|T`ªr¤jlkL}b¢{�¯o t` ru�æ`YyT`Y|T{R]P|°{Rbmp$jl|Tp�k�\�oThnk�jl]P|Tpx¬���b~qFb~|T{L`Y|RkmwHhnb~k^k�b"q�}b~|T`ªr¤jvkL}b
`YoL\�`Njvk�qLo ¯b~k�\�b§}b~«�jvkL}b~b.b~|�jl|TpR}b~\�`Y|Rk�{Rbmp;jl|Tp�k�\^oThnk�jl]P|Tp�jl|T{;}b~qTb~|T{L`Y|Rk�bmp�b~|Rk�\�b+ru� jl|Tp�k�\^oThnk�jl]P|§{Rb"hn]Pa�qT`Y\n`ªj�p�]P|
b~k!hnbnr¤rlb�{Rb"yL\�`Y|Th^iLb~a�b~|Rk 	�hnb"´�oRj�\�b~qL\L}bmp�b~|Rk�b"´PoT`�|T{�a¨¯b~a�b"º�jl|Tp�k�\^oThnk�jl]P|Tp�t`�jv|TpR}b~\�b~\��n¬
%+\P¯`Phnb�t`¢p�bmp�{Rb~oR��oL|RjlkL}bmp�{Rb�yL\�`Y|Th^iLb~a�b~|£kªwYrlb"[�]Y¿�b~\n�+qTb~oLk.bn��}bmhnoLk�b~\�{Rb~oR�ÀyL\n`Y|Th�iLb~a
b~|£k�p;qT`Y\.hn�Lh^rlb

	�p�b~oRrlb~a�b~|Rk�p j#rvb²qL\�b~a¢jlb~\+bmp�k.\L}bmp�]YrloKb~k.|L]P|KqL\�j�p�� ��¬

�	� �	� ( 
 �����
�� � �	� � �����
®=bmp�a }bmh~`Y|Rj�p�a
bmp�{Rb._Pbmp�k�jl]P|�{Rbmp�jv|Rk�b~\�yRrl]Lh~`Y_Pbmp�]P|£k�oL|Lb�jv|�/ToLb~|Thnb"hn]�|Tp j�{�}b~\�`YyRrlb!pzoL\�rvbmp�qTb~\�±³]P\�a�`Y|Thnbmp

{Rbmp$qL\�]�hnbmp^p�b~oL\�p.p�oLqFb~\�p�h~`ªr�`ªjl\�bmpx¬
µ$]PoTp�qL\�}bmp�b~|Rk�]P|Tp�j�h^j�oL|Lb�{Rbmp�hn\�jlqLk�jl]P|K{Rbmp�{�j¤Ã�}b~\^b~|£k�p�k��RqTbmp�{#� jl|Rk�b~\�yRrl]�h~`�_Pbmp;qT]PoL«Y`Y|£k�p�oL\�«Pb~|Rjl\.p�oL\�rvbmp

qL\�]Lhnbmp�p�b~oL\�pxwT`ª«N`Y|Rk!{Rb�a�]P|Rk�\�b~\+hn]Pa�a�b~|Rk;jsr�p�p�]�|£k�\L}bmp�]YrloTp.p�oL\�rlbmp$k�\�]Yj�p�qL\^]�hnbmp�pzb~oL\�p�}b~k^oT{�j }bmp~¬

� �� /  � Ç � � �KÉ  É43H�#� rl]P\�p^´Po�� oL|Lb$jl|Tp�k�\�oThnkzjv]�|K]Po�oL|Lb�{R]P|L|�}b~b�`Ph~hF}bm{;}b~b�|Lbep�b+k�\�]�oL«Pb.qT`Pp;{L`Y|Tp�rvb�h~`Ph^iLbPw
oL|Lb�hn]P|T{�jlk�jl]P| {#� jl|£k�b~\^yRrv]Lh~`Y_Pb
bmp�k"{�}b~k�bmhnkL}b~b 	 bn�¹hnb~qLkL}b�p�oL\�rlb ¶�·��¸�LcPcmº�» ��¬T[�`Y\�hn]P|Rk�\�bPwFrl]P\�p�{#� oL|Lb�k�\�`��
{RoThnk�jl]P|�{#�æ`P{R\�bmp�pzbPw ´�oT`Y|T{ rlb¨{Rbmp^hn\�jlqLk�b~oL\À{Rb�r�`°qT`�_Pb§hn]P|Thnb~\�|�}b~bK|Lb§p�bKk�\�]PoL«�b�qT`Pp
{L`Y|Tp²rlb§h~`Ph^iLb¨{Rb
k�\�`�{RoThnk�jl]P|W{#�æ`P{R\^bmp�p�bmp 	 � ®�½ ��w�oL|Lb
bn�¹hnb~qLk�jl]P|9bmpzk"{�}bmh^rlb~|Th�i�}b~bÀpzoL\�rlbÀ¾1¼�[��¨�.Á�ÂPÂPÂ�b~k�rlbK¶�·����LcPcmºY»F¬
�PoL\�ru� ¼�½�¾ [�]N¿�b~\��¹wYrlb"k�\n`ªjlk�b~a�b~|Rk!{Rbmp.{;}bn±u`YoLk�p${Rb � ®�½�bmp�k$_ }b~\L}b.qT`Y\.a�`YkL}b~\zjvbnru¬

1"Æ?� � �lÇ � � � � �L�m� Æ � � É������ rlbmp�hn]�|�/Ljvknp�{Rb$\�bmp�p�]PoL\nhnbmp�p�oL\�«�jlb~|L|Lb~|£k�rv]�\�p�´�oLb!qRrloTp jlb~oL\�p;jl|Tp�k^\�oThnk�jl]P|Tp;k�b~| �
k�b~|Rk�{#�æ`�h~hT}bm{Rb~\�p jla¢oRrlk�`Y|�}b~a
b~|£k�t`�oL|Lb+a¨¯b~a�b�\�bmp^p�]PoL\�hnbPw�qT`Y\�bn�Lb~a�qRrlb"`Yo�a°¯b~a�b�}b~k�`�_Pb.{Ro�qRjlqTbnr¤jl|Lb�{#� oL|Lb
oL|RjlkL}b+±³]P|Thnk�jl]P|L|Lbnr¤rlbP¬

� �� 5 � � � 6� ÉY�L� � � ��Æ�� �"��R�L�P� ®#bmp�{;}b~qTb~|T{L`Y|Thnbmp�{Rb¨{R]�|L|�}b~bmp²]P|Rk�qT]PoL\
bnÃ=b~k�{Rb�±õ]P\nhnb~\¢ru� bn��}bmhnoLk�jl]P|
pR}bm´PoLb~|Rk�jlbnr¤rvb {Rb¨qRrloTp jlb~oL\�pÀjl|Tp�k�\�oThnk�jl]P|Tpx¬ � \�]�jp�k��RqTbmp�{Rb�{�}b~qTb~|T{L`�|ThnbmpK{Rb {R]�|L|�}b~bmp
jl|£k^b~\ �åjl|Tp�k�\�oThnk�jl]P|Tp
qTb~oL«�b~|£k�¯b~k�\^be{�j�p�k�jl|L_Po�}b~bmp�©

� � �LÉ Ç � � �  5 � +��� ��LÉ � �lÇ � � ��� Æ � � �����	�#�;behn]P|�/Ljlk!pzb!qL\�]L{RoRjlk�rl]P\�p�´�o�� oL|Lb+jl|Tp�k�\^oThnk�jl]P|§h�iLb~\nh�iLb�t`
rsjl\�b+oL|Lb�{R]P|L|�}b~b.`ª«N`Y|Rk�´�oLb!hnb~k�k^b!{Rb~\�|Rj¡tb~\�b�`ªjlk�qLo°¯b~k�\�b�}bmhn\�jlk�b.qT`Y\�oL|Lb$jl|Tp�k�\�oThnk�jl]P|
r�`Y|ThF}b~b+`Y|£kL}b~\�jlb~o �
\�b~a�b~|Rkm¬P¼¡rHbmp�k�t`"\^b~a�`Y\�´�oLb~\�´�oLb.ru� oLkzjsr¤j�p�`Ykzjv]�|§{Rbmp�a9}bmh~`Y|Rj�p�a�bmp;{Rb � 
�� � ��� 	u«P]Yjl\�qT`�_Pb!�Pº ��r¤jva jvk^b+rvbmp
]�h~hnoL\�b~|Thnbmp+{Rb�hnb�k��RqTb"{Rb¢{�}b~qTb~|T{L`�|Thnbmp~¬

� � É � �Ç � � �  5 � +�L�§Ê��É Ç � � �
� Æ � � �K���	���;b hn]�|�/Ljvk�p�b
qL\�]�{RoRjlk�rv]�\�p�´�o�� oL|Lb�jl|Tp�k^\�oThnk�jl]P|Wh^iLb~\�h^iLb
t`�}bmhn\zjv\^bÀ{L`Y|Tp²oL| \�b~_Yj�p�k�\^bÀ`ª«N`�|£k¢´PoLb§hnbnrloRj �uh^j!|��æ`ªjlk¢qLo6¯b~k�\�b rvo9qT`�\"oL|Lb�jl|Tp�k�\�oThnkzjv]�|(`Y|£kL}b~\�jlb~oL\�bP¬
� ]PoLk^bn±õ]Yj�p~w�hnb�hn]P|�/Ljlk�\^bmp�k�b�`Pp�p�b��
\�`Y\�b¢qT]�oL\�rlbmp²qRjvqFbnr¤jv|Lbmp�{R]P|Rk+r�`§qLiT`�p�b�{Rb¢rlbmhnk�oL\�bKp�b�p jlk�oLb�kP¯]Pk
	�{L`Y|Tp$rlbmp�qL\�b~a jvb~\np�}b~k�`Y_Pbmp ��wLb~k�r�` qLiT`Pp�b�{#��}bmhn\�jlk�oL\�b¢k�`Y\n{#w#a�`ªj�p$j¤r�qTb~oLk¢{Rb~«Pb~|Rjl\�{Rb�qRrloTp"b~| qRrvoTp
±õ\L}bm´PoLb~|Rk.`ª«Pbmh$ru�æ`ª«Htb~|Lb~a�b~|£k.{Rb+ru� bn��}bmhnoLk�jl]P|°{L`Y|Tp;rlb�{;}bmp�]P\�{R\^bP¬

� � É � �Ç � � �  5 � +��� ���É � �Ç � � �
� Æ � � ����	����bKhn]P|�/Ljlk�pzb�qL\�]L{RoRjlk²rv]�\�p�´�o�� oL|Lb¢jl|Tp�k�\�oThnkzjv]�|Wbmp�p^`ªjlb
{#��}bmhn\�jl\�b¢{L`Y|Tp+oL|�\�b~_�jpzk�\�b�`ªrl]P\�p+´Po�� oL|Lb¢jl|Tp�k�\�oThnk�jl]P| qL\�}bmhF}bm{Rb~|£k�b²|��æ`
qLo¸}bmhn\�jl\�b�p�]P|°\L}bmp�oRrlk�`Yk�{L`Y|Tp
hnb!a°¯b~a�b.\�b~_�jpzk�\�bP¬F��b�hn]P|�/Ljlk.|LbepzoL\�«Pjlb~|Rk!´�oLbe{L`Y|Tp�rlbmp�qRjlqTbnr¤jl|Lbmp�´�oRje}bmhn\�jl«Pb~|Rk�t`²{�j¤Ãe}b~\�b~|Rk�p�}b~k�`Y_�bmp
]Po§´PoRj�`YoLk�]P\�j�p�b~|Rk.oL|Lb+jl|Tp�k�\^oThnk�jl]P|(t`�hn]�|£k�jl|RoLb~\!a°¯b~a�b�p j�oL|Lb�jv|Tpzk�\�oThnk�jl]P|1qL\�}bmhF}bm{Rb~|£k�b+bmp�k._�bnr }b~bP¬

� � �F�  � 7 �#� ©YoL|Lb�rlbmhnk�oL\�b�`�qL\xtbmp;oL|Lb�rlbmhnk�oL\^b"|�� bmp�k$qT`Pp�oL|Lb"{;}b~qFb~|T{L`Y|Thnb�{Rb"{R]P|L|�}b~bmpx¬
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 &('�)�)�) �P�

�;bmp"k^\�]Yj�p²k��RqTbmp
{Rb§{�}b~qTb~|T{L`�|Thnb§p�]P|Rk `�oTp�p j!hn]P|L|RoTp�p�]PoTp�rlbmp¢|L]Pa�p
{Rb � � ��� 	 ���	 � 	 ��� � � � 	 w ��� � � � �
���	 � 	 ��� � � � 	 b~k"{Rb � �	 � 	 ��� � � ��	 � 	 � 
���� � 	 ¬�®�� bn�Lb~a�qRrlbK{Rb¢r�`
�T_PoL\�b��L¬lcPc�j¤rsrloTp�k^\�bÀhnbmp�k�\�]Yj�p�k��RqTbmp�{Rb�{�}b��
qTb~|T{L`�|ThnbP¬

RAW

RAW

WAR

W
A

W

(1) sub R6 R5, R2

(2) add R7 R6, R1

(3) add R6

(4) add R4

R3, R1

R6, R4

+ ,.- �#�L¬lcPc � � � � � � � � � � � 
 � � 	�� � ��
 � � � 
 � 	�� � 	 ���	 � 	 ��� � � � 	

®�� jl|Tp�k�\�oThnk�jl]P| 	�� ��qL\L}bmp�b~|Rk�b.oL|Lb�{�}b~qFb~|T{L`Y|Thnbe{Rb+k��£qFb!��f�Î p�oL\�ru� jl|Tp�k�\�oThnk�jl]P| 	nc���¬P®�� jl|Tp�k^\�oThnk�jl]P| 	�� ��w
bnr¤rlbPw�qL\L}bmp�b~|Rk�b�oL|Lb¨{;}b~qTb~|T{L`Y|Thnb§{RbKk��RqTbKÎ°f��<qT`�\�\�`YqLqF]P\�k§t` r¡� jv|Tpzk�\�oThnk�jl]P| 	�� �!b~k
bmp�k�`YoTp�p j.«�jhnkzjva
b
{#� oL|Lb¢{�}b~qTb~|T{L`�|Thnb�{Rb"k��RqTb�Î°f�ÎgqT`Y\.\n`YqLqT]P\^k�t`²ru� jl|Tp�k�\�oThnkzjv]�| 	�c��n¬
������ Æ Ê¡� Ç��Æ�� � �L� �>�FÇ � ��	 Ê Æ É  � ���K��� � Ê� � � 1 ! � � * :

�;]Pa�a�b�]P|²ru�æ`�«Ro¢qL\L}bmhF}bm{Rb~a�a�b~|Rkmwxr`²{�}b~k�bmhnkzjv]�|�{Rbmp�hn]P|�/Ljlk�p�{Rb.\�bmp�pz]PoL\�hnbmp�bmp�k;_Yrl]PyT`ªrlb.b~k�`+r¤jlb~oK{L`Y|Tp
rlbmp¢}b~k�`Y_Pbmp�pzk�`Yk�j�´�oLbmp�{Ro�qRjlqFbnrsjl|LbP¬#�;b~k�k�b�{;}b~k�bmhnk�jl]P|¢\�b~qF]£p�b.p�oL\�oL|¢a9}bmh~`�|Rjpza�b.{Rb�p^hn]P\�b~yT]R`Y\�{+jla�qRr~}b~a�b~|£kL}b
p�oL\�ru� ¼ yT]ª��¬
��b~qFb~|T{L`Y|£kªwPj¤r�`Y\�\zjv«�be´�oLbehnb+a9}bmh~`Y|Rj�p�a�b.|Lb�qLoRj�p�p�b+qT`Pp;qL\L}b~«P]Yjl\�r�`¢{�j�p�qT]P|RjlyRj¤r¤j�kL}b�{Rb�hnb~\�k�`ªjl|Lbmp;\�bmp�p�]�oL\�hnbmp
`Yo°a�]Pa
b~|£k�{Ro�hn��h^rlb�{#��}b~a¢j�p�p jl]P|�¬�®#b��Lc�cmºY»
jva
qRr }b~a�b~|Rk�b¢oL|�a9}bmh~`�|Rjpza�b�p�q�}bmh^j�`ªr�`YqLqTbnr~}b & 	 � � � 
 � � � �
´�oRj�hn]�|Tp j�p�k�b�t`¢`YyT`Y|T{R]P|L|Lb~\�r¡� jv|Tpzk�\�oThnk�jl]P|§`Yo�a�]Pa
b~|£k�]�to�bnr¤rvb²\�bm´�oRjvb~\^k�r�`"\^bmp�p�]PoL\�hnb+jl|T{�j�p�qF]P|RjlyRrvbR¬��;b~k�k�b
jl|Tp�k�\�oThnkzjv]�|§bmp�k.`ªrl]P\�p�\�bnr�`Y|ThT}b~b"{L`Y|Tp�rvb�qRjlqFbnrsjl|Lb�b~k�r`Njp^p�b�`ªjl|Tp j�rvb�k^b~a�qTp"t`²r�`¢\�bmp^p�]PoL\�hnb�{Rb�p�b+r¤jly�}b~\^b~\ 	�p j
�h~`K|�� bmp�k"qT`PperlbÀh~`Ppxw#oL| � 	 � � � 
 � � � �¨bmpzkÀt`K|L]�oL«Pbm`Yo�qL\�]Y«P]L´�o�}b���¬���b~k�k�b�p jlk�oT`Yk�jl]P|°jl|Rk�b~\�«�jlb~|£k�`Yo�|Rjl«Pbm`�o
{Rbmp"{;}bn±¡`�oLk�p!{Rb�h~`Ph�iLb�{Rb�{R]P|L|�}b~bmpx¬�®#]P\�p�´�o�� oL|Lb¢jl|Tp�k^\�oThnk�jl]P|W{Rb�h~`NrhnoRr�bmp�k°}b~a jpzb�b~k"´Po�� `Yo°a�]Pa�b~|Rk�]=to
]P| }b~«N`NrvoLb r�`�{�j�p�qT]P|RjlyRj¤rljlkL}bW{Rbmp�]�q�}b~\�`Y|T{Rbmp�jsr�p�b§qL\�]L{RoRjlk�oL| � ����� � 	;�$� ��� w�ru� ]�q�}b~\�`Ykzjv]�|({Rb¨h~`ªr�hnoRr�bmp�k
`YyT`Y|T{R]�|L|�}b~b�b~k.\�bnr�`Y|ThF}b~bP¬

������ Æ Ê¡� Ç��Æ�� � �L� �>�FÇ � ��	 Ê Æ É  � ���K��� � Ê� Å ��� < � $ � � �
[�]�oL\�rlbmp�jl|Tp�k�\�oThnk�jl]P|Tp$b~|Rk�j¡tb~\�bmp�b~k�rvbmp$`Ph~hNtbmp�a9}b~a�]Yjl\�bPw�rlb��$ÁPÂPÂPÂ¢p~�æ`�qLqLoRjvb�rloRj�`YoTp^p j�p�oL\�r�`�k^bmh�iL|Rj�´�oLb

{Ro�p�hn]P\�b~yF]£`Y\�{�jl|L_Kb~k"p�oL\�oL|Lb¢bn��}bmhnoLk�jl]P|�{Rbmp$jl|Tp�k�\^oThnk�jl]P|Tp�k�]�k�`ªrlb~a�b~|Rkep��R|Th^iL\�]P|LbP¬�·�|°hnb�´�oRj�hn]P|Thnb~\^|Lb
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arithmétiques
logiques

décalages

Ops :

lecture mémoire 

Mise à jour des registres

Mise à jour des registres

branchements et sauts

lecture mémoire 

arithmétiques
logiques

Ops :

lecture mémoire 

(début accès étiquette)

(début accès donnée et 
étiquette)

(fin accès étiquette)

lecture mémoire 
(fin si hit)(début accès donnée et 

étiquette)

(fin si hit)

écriture de la donnée

Aucune instruction ne peut être émise
dans E0 deux cycles avant que 
la multiplication ne soit terminée

au cycle précédent
Bypass pour les données calculées

Pipeline entier
E0

Pipeline entier
E1

Multiplication entière

(32 x 64 bits)
CMOV

CMOV

écriture mémoire écriture mémoire 

Registres entiers

WBEX2EX1Tests et Emission

IBOX EBOX EBOX EBOX

+�,.- �#�L¬cm� �� � � 	�� � � 	 � 	 � � � 	 � � ��� � � � �	���	���

� ]PoLk�bmperlbmp¢]Pq�}b~\n`Yk�jl]P|Tp+b~|Rk�j¡tb~\�bmp¢{Ro9¶�·�� �¹cPcmºY»°p�]P|Rk"bn��}bmhnoLkL}b~bmp�b~| oL| hn�Lh^rlb 	 t`�ru� bn�Thnb~qLk�jl]P|({Rb�r�`
a¢oRrlk�jlqRrsj�h~`Ykzjv]�| ��¬L[�\�bmp�´�oLbmp�k^]PoLk�bmp�p�]P|Rk�bnÃ�bmhnk�o�}b~bmp�`�o�|Rjl«Pbm`�o�{Ro�qL\�b~a¢jlb~\�}b~kn`Y_Pb�{#� bn��}bmhnoLk�jl]P|�{Ro�qRjlqTbnr¤jl|LbP¬
�Pb~oRrlbmp�rlbmp�]�q�}b~\�`Ykzjv]�|Tp�{RbD�P{;}b~qRr`�hnb~a�b~|£k!�"hn]P|T{�jlk�jl]P|L|Lbnr�{Rb"{R]P|L|�}b~bmp 	 � � " � ��b~k;rlbmp�yL\�`Y|Th^iLb~a�b~|Rk�p.p�]�|£k
bn��}bmhnoLkL}bmp�`Yo�hn]PoL\np�{Ro�hn��h^rlb!pzoRjv«Y`Y|Rkm¬L��bmp�jl|Tp�k^\�oThnk�jl]P|Tp�qF]PoL\�\�`Njvb~|Rk�¯b~k�\�b;k�\�`ªjlkL}b~bmp�`Yo¢a°¯b~a�b�|Rjl«Pbm`Yo�´�oLb;rvbmp
`YoLk�\^bmp�a�`ªj�p�hnb~k�k^b!`Pp�k�oThnb�qFb~\�a�b~k�{#� `Ya9}bnr¤jl]P\�b~\�rlb�{�}b~yRjlk�{Ro�qRjlqTbnr¤jl|Lb£¬��.|Lb�jl|Tp�k^\�oThnk�jl]P|K{Rb!hn]Pa�qT`Y\n`ªj�p�]P|¢b~k
oL|�yL\�`Y|Th^iLb~a�b~|£k�hn]P|T{�jlk�jl]P|L|Lbnr�{�}b~qFb~|T{L`Y|£k;]Po�oL| � 
 ��� � � � 
 � ���q�#� 
 ��	 {;}b~qFb~|T{L`Y|Rk�qTb~oL«�b~|£k²¯b~k^\�b.p£}bm´�oLb~|ThT}bmp
`YoKa°¯b~a�b�hn��h^rlbP¬#®�� bn�Lb~a�qRrlb h^j �u{Rbmp�pz]PoTp�j¤r¤rloTp�k�\�b�hnb�±õ]P|Thnkzjv]�|L|Lb~a�b~|£k�©
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®�`�hn]�a�qT`Y\�`ªj�p�]�|�p~� bnÃ�bmhnk�oLb�`Yo�|Rjv«�bm`Yo§{Ro�qL\^b~a¢jlb~\À}b~k�`�_Pb.{#� bn��}bmhnoLk�jl]P|�b~k�pz]P|�\L}bmp�oRrlk�`Yk;bmp�k�oLkzjsr¤j�pR}b�qT`Y\
ru� jl|Tp�k�\�oThnkzjv]�|§{Rb!yL\�`�|Th�iLb~a�b~|Rk.hn]P|T{�jlk�jl]P|L|Lbnr�bn��}bmhnoLkL}b.`YoÀhn�Lh^rlbepzoRjv«Y`Y|Rkm¬F�£`Y|Tp�hnb~k�k�b�`Ph~hn]Pa�a�]L{L`Yk�jl]P|�wRhnbmp
jl|Tp�k�\�oThnkzjv]�|Tp.p�b~\�`ªjlb~|RkK}b~a jpzbmp�ru� oL|Lb"`�qL\xtbmp r¡� `YoLk�\�bPwR\L}bm{RoRjp^`Y|£k.`ªjl|Tp j#rlb"{;}b~yRjlk!{RoKqRjlqFbnrsjl|Lb
	ub~|Kb~|Thn]Pa¢yL\�`�|£k
{Rb"qRrloTp$ru��}b~k�`Y_Pb�{#��}b~a jp^p jl]P|¨{#� oL|°hn��h^rlb�p�oLqLqRr~}b~a
b~|£k�`Njv\^b���¬H®=b�±u`ªjlke{Rb²\�b~k�`Y\�{Rb~\�r¡��}b~«N`NrvoT`�k�jl]P|¨{Ro1yL\�`Y|Th^iLb��
a�b~|Rket`er¡��}b~k�`Y_�b��²{Ro�qRjlqFbnrsjl|Lb�}b~k�b~|T{²r�`²q�}b~|T`NrsjlkL}b!{#� oL|�hn�Lh^rlb�b~|�h~`Pp;{Rb!a�`�oL«N`ªj�p�b+qL\L}bm{�j�hnk�jl]P|�¬F��b~qFb~|T{L`Y|Rkmw
p�bnrl]P| rvbmp�hn]�|Thnb~qLk�b~oL\�p+{Ro ¶�·��!wThnb~k�k^b�q�}b~|T`ªr¤jlkL}b²|�� jl|£k^b~\�«Pjlb~|Rke´�oLb�rl]P\np!{Rb²a�`YoL«N`Njpzbmp+qL\�}bm{�j�hnk�jl]P|Tp+hnb�´�oRj
{Rb~«R\�`ªjlk�`Y\^\�jl«Pb~\�{L`Y|Tp;a�]�jv|Tp;{Rb�cª� � {Rbmp;h~`Pp�_�\P¯`Phnb�t`er`�k�`YyRrlb�{Rb!qL\L}bm{�j�hnk�jl]P| 	�hn]P|R±�tb~\^b�rlbeh^iT`YqRjlk�\�b!�¹¬æ�L¬æ� �n¬
�YjTrlb+yL\�`Y|Th^iLb~a�b~|Rk�}b~k�`ªjlk�bnÃ�bmhnk�o�}b+{Htbmp�rlb+qL\�b~a¢jlb~\�}b~k�`�_Pb.{#� bn��}bmhnoLk�jl]P|�wYj¤r�p�b~\�`ªjlk�\�b~k�`Y\n{�}b.{#� oL|Khn��h^rlb�{Ro�±u`ªjlk
{Rb�r�`¢{�}b~qFb~|T{L`Y|Thnbe{Rb+{R]P|L|�}b~b!`�o�h~`Pp�]�to�]P|�|Lb.qF]PoL\�\�`Njvk;k�\�]PoL«�b~\�oL|Lb�jl|Tp�k�\^oThnk�jl]P|Tp;b~|£k�jutb~\�b�jl|T{�}b~qFb~|T{L`Y|£k^b
t`²jl|TpR}b~\�b~\!`ª«N`Y|Rkm¬
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�LcPcmºY» �LcmÂPºY»
Í.q�}b~\�`Ykzjv]�|Tp�b~|£kzj¡tb~\�bmp c"hn�Lh^rlb cehn�Lh^rlb

¶§}bmh~`ªr�`Y_Pb+b~k.]Pq�}b~\�`Yk�jl]P|Tp�p�oL\�rvbmp$]Lhnk�b~k�p c"hn�Lh^rlb �¢hn��h^rlbmp
��]Pa
qT`Y\�`ªj�p�]P|§`ª«Pbmh+yL\n`Y|Th�iLb~a
b~|£k Â�hn�Lh^rlb cehn�Lh^rlb

��jlkeh~`�h�iLb�qL\�jla�`Njv\^b ��hn��h^rlbmp �¢hn��h^rlbmp
¾1oRrlk�jlqRr¤j�h~`Yk�jl]P|�b~|Rk�j¡tb~\�b Á �.cmº�hn�Lh^rlbmp cm� ���P�¢hn��h^rlbmp

¾°`YoL«Y`ªj�p�b�qL\L}bm{�jhnkzjv]�|¨{Rb"yL\n`Y|Th�iLb~a
b~|£k ��hn��h^rlbmp »�hn��h^rlbmp
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®�� oL|Rjlk�}b¢b~|Rk�j¡tb~\�b�`¥}b~kL}b¢`Ya9}bnrsjl]P\L}b~b¢qT`Y\�\�`YqLqF]P\�k�t`1hnbnrsrlbK{RbÀpz]P|°qL\�}bm{;}bmhnbmp�p�b~oL\mwFrlb�¶�·�� �LcmÂ�ºY»TwF]=to1rvbmp
]Pq�}b~\�`Yk�jl]P|Tp+{Rb�{�}bmh~`ªr�`Y_Pb²b~k"{Rb¢a�`Y|RjlqLoRr�`Yk�jl]P|W{#� ]Lhnk�b~k�p }b~kn`ªjlb~|£k+bnÃ�bmhnk�o�}b~bmp+`Yo¨hn]�oL\�p�{Ro�{Rb~oR�£jutb~a
bW}b~k�`Y_Pb
{#� bn��}bmhnoLk�jl]P|°{Ro°qRjvqFbnr¤jv|FbP¬�®#b¢k�`YyRrlbm`Yo��L¬lc�a
]P|£k^\�b�rlbmp+qL\�]P_�\xtbmp�\L}bm`ªr¤j�pR}bmp 	ub~|°hn��h^rlbmp��p�oL\.rlbmp$r�`Yk�b~|Thnbmp²{Rbmp
qL\�jl|Th^jlqT`ªrlbmp�]Pq�}b~\�`Yk�jl]P|Tp;b~|Rk�\�b+rlb��¹cmÂPºY»¢b~k!�Lc�cmºY»T¬

�	����� & � � ��
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1"Æ?� � Ç��lÇ � Ç��lÆ?� ®�` �T_PoL\�b9�L¬lcm�¥{�}b~k�`ªj¤r¤rlb ru� oL|Rjlk�}b9b~|Rk�j¡tb~\�b9{Ro<¾1¼�[��Ì�.Á�ÂPÂPÂL¬���bnr¤rvb��uh^jKbmp�k�hn]P|Tp�kzjvk^o�}b~b
{Rb9{Rb~oR� oL|RjlkL}bmp§`Y\�jlk�iLa9}b~k�j�´�oLbmp§b~k1rl]P_Yj�´�oLbmp�{Rb9ºY»(yRjlk�p~w�{#� oL|Lb oL|RjlkL}b9{Rb9{�}bmh~`ªr�`Y_PbPw+{#� oL|Lb9oL|RjlkL}b9{Rb
a¢oRrlk�jlqRrsj�h~`Ykzjv]�| �u{�j�«Pj�p jå]P|�b~k!{Rb¢{Rb~oR�§_ }b~|�}b~\�`Yk�b~oL\�p�{#�æ`�{R\�bmp�p�bmp~¬F®��æ`Y\�h^iRjlk�bmhnk�oL\�b"¾1¼�[���]�Ã=\^b"`YoTp�p j�t`�r¡� oLk�j¤rsj �
p�`Yk^b~oL\e�P�
\�b~_Yj�p�k^\�bmp+_�}b~|�}b~\�`YoR� 	 %e[�� ��{Rb�ºY»�yRjlk�p~¬�®#b¢yT`Y|Th¢{Rb¢\�b~_Yj�p�k�\^bmp�{�jpzqT]£p�b�{Rb��
qT]�\�k�p$b~|§rlbmhnk�oL\^b
b~k!{Rb²»�qT]P\^k�p;b~|6}bmhn\zjvk^oL\�b"{R]P|Rk�ru� oLk�j¤r¤jp^`Yk�jl]P|�p�b�\L}b~qT`Y\�k�jlb"hn]Pa�a
b"p�oRjlk�©

� »�qT]P\^k�p�{Rb�rlbmhnk�oL\�b¢p�]P|Rk!{�}bm{�j~}bmp�t`²ru� oTp^`Y_Pb"{Rbmp$fe® �+p 	u]�q�}b~\�`Y|T{Rbmp ��¬
� »�qT]P\^k�p.p�b~\�«�b~|£k�t`²r�`�_�}b~|�}b~\n`Yk�jl]P|K{Rbmp!`P{R\^bmp�p�bmp;rl]P\�p+{Rbmp$]Pq�}b~\�`�k�jl]P|Tp.{Rb"\L}bn±N}b~\�b~|Thnb+a9}b~a
]Yjl\�b�b~|£kzj¡tb~\�b
]Po /T]Pk�k�`�|£k�bP¬

� ®#b�|Lb~oL«Pjutb~a
b.qT]P\^k�bmp�k�pzq�}bmh^j�`ªrlb~a�b~|Rk�{;}bm{�j~}b�`YoR�W}bmhn\�jlk�oL\�bmp�{L`�|Tp�rvb.h~`Ph^iLb!{Rb.{R]P|L|�}b~bmp~¬R�P]P|¢bn�£j�p�k^b~|Thnb
qTb~\�a�b~k"{Rb
\�}bm{RoRjl\�b²rlb�qT`Y\�kn`Y_Pb�{Rbmp�qT]P\^k�p.b~k"{Rb�hnb¢±¡`NjvkªwLj¤r�hn]�|£k�\zjvyLoLb°t`¢r�`K\L}bmp�]YrloLk�jl]P|�{Rbmp�hn]P|�/Ljlk�p
{Rb�\�bmp�p�]PoL\nhnbmp~¬#��b~qFb~|T{L`Y|£kªwLoL|Lb�p�b~oRrlb }bmhn\zjvk^oL\�b"{L`Y|Tp;rlb�h~`�h�iLb�bmp�k$qT]£p�p�jvyRrlb¢qT`Y\!hn�Lh^rlbP¬

� ®#bmp;»�qT]P\^k�p�{#��}bmhn\�jlk�oL\^b!p�]P|Rk.{Rbmp�k�jl|�}bmp"t`²\�bmhnb~«�]Yjl\�rlbmp�\L}bmp�oRrlk�`Yknp�{Rbmp�]Pq�}b~\�`Yk�jl]P|Tp�bnÃ�bmhnk�o�}b~bmp�`ªjl|Tp j ´�oLb
rvbmp+{R]P|L|�}b~bmp.`Ph^iLb~a¢jl|�}b~bmp;rl]P\�p${Rbmp.]Pq�}b~\�`Yk�jl]P|Tp�{Rb+rlbmhnk�oL\�bP¬

*�Æ�� É Ç��lÆ?� � �F�W� �TÇ � ]PoLk�bmp�rvbmp$]Pq�}b~\�`Yk�jl]P|Tp;b~|Rk�j¡tb~\�bmp.pz]P|£k$bnÃ=bmhnk^o�}b~bmp.{Rb�a�`�|Rj¡tb~\�b"p��R|Th�iL\^]P|Lb�`YoK|Rjl«Pbm`�o
{Rb;ru��}b~k�`�_Pb�{#� bn��}bmhnoLk�jl]P|�{Ro¢qRjlqTbnr¤jl|Lb 	�hn��h^rlb�» ��¬Y®#b.¾1¼�[����$ÁPÂPÂPÂ$qTb~\�a
b~k�r¡� bn��}bmhnoLk�jl]P|�{Rb�»$jl|Tp�k�\�oThnkzjv]�|Tp�b~| �
k�jutb~\^bmp�qT`Y\�hn�Lh^rvb�©m{Rb~oR�¢]Pq�}b~\�`�k�jl]P|Tp�`�\�jlk�iLa9}b~kzj´�oLbmp�b~k {Rb~oR��h~`ªr�hnoRrp;{#�æ`P{R\�bmp^p�bmp~¬m®�� oL|RjvkL}b.{Rb�a¢oRrlk�jlqRr¤jh~`�k�jl]P| �
{�jl«Pj�p jl]P|1|�� bmp�k;qT`Pp�qRjlqTbnr¤jl|�}b~b¢hnbe´�oRj�b~a�q�¯bmh^iLb!{Rb$r�`Y|Thnb~\�oL|Lb�]Pq�}b~\�`�k�jl]P|§t`"h^iT`P´PoLb�hn�Lh^rvbP¬F®�`+r�`Yk�b~|Thnb"{Rb$r�`
{�jl«Pj�p jl]P|1qTb~oLk�«N`�\�jlb~\�{Rb"�¹c�t`¢�Y�"hn�Lh^rvbmp$p�oRjl«N`Y|Rk�rlbmp;]Pq�}b~\�`�|T{Rbmp~¬£®�`�r�`Yk�b~|Thnb�{Rb$r`²a¢oRrlk�jlqRr¤jh~`�k�jl]P|°bmp�k�{Rb+»
	��P�$yRjlk�p��]Po�º 	�ºY»+yRjvknp� hn�Lh^rlbmp~¬£®�� oL|RjvkL}b.{Rb.a¢oRrlk�jlqRrsj�h~`Ykzjv]�| �u{�j�«Pj�p jå]P|KoLk�j¤r¤jpzbe{Rb~oR��\�b~_Yj�p�k^\�bmp�p�q�}bmh^j�`YoR��qF]PoL\
p�k�]Lh �Pb~\�rlbmp�qT`Y\�k�jlbmp�iT`YoLk�b�b~k�yT`Pp^p�b.{Ro�\L}bmp�oRrlk�`Ykª¬N¶+b~oR�²jv|Tpzk�\�oThnk�jl]P|Tp;p�q�}bmh^j �H´�oLbmp�qTb~\^a�b~k�k�b~|Rk {Rb$k�\�`Y|Tp ±Y}b~\^b~\
rlbehn]�|£k�b~|RoK{Rbehnbmp;\�b~_Yj�p�k^\�bmp�p�q�}bmh^j�`YoR�À{L`�|Tp�rlbmp�\�b~_Yj�p�k^\�bmp�_�}b~|�}b~\�`�oR�=¬R��bmh^jFjl|£k�\^]�{RoRjlk!{Rbmp;\�bmp�k^\�j�hnk�jl]P|Tp�{L`Y|Tp
rlb�pR}bm´PoLb~|Thnb~a
b~|£k.{Rb�hnbmp�]Pq�}b~\�`�k�jl]P|Tp�{L`Y|Tp;r�`¢a�bmp�oL\^b�]=to§`YoThnoL|Lb+jl|Tp�k�\�oThnkzjv]�|¨{Rb�a¢oRrlk�jlqRrsj�h~`Ykzjv]�| �u{�j�«Pj�p jå]P|
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Registres généraux 

(32 x 64 bits)

ALU Unité de 
décalage

Multiplication / 
Division

ALU 

Offset

(gauche) (droite)

Adresse virtuelle 
(gauche)

Adresse virtuelle
(droite)

64 bits64 bits

ou d’une ALU
En provenance du Cache

Offset (concerne les instructions
immédiates champ de 16 bits)

En provenance du Cache

GénérateurGénérateur
d’adresses d’adresses

Offset (concerne les 
instructions immédiates 
champ de 16 bits)
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|Lb§qFb~oLk�¯b~k�\�bKpR}bm´�oLb~|ThF}b~b�qT`Y\�a j.rlbmp�{Rb~oR�9jl|Tp�k�\^oThnk�jl]P|Tp�´�oRjep�oRjl«Pb~|Rk¢r�` rvbmhnk^oL\�b¨{Rbmp
\�b~_Yj�p�k�\^bmp�p�q�}bmh^j�`YoR�
	�hn]Pa
qT`Yk�jlyRj¤rsjlkL}b�`ª«Pbmh$rlb��$�PÂPÂPÂ �n¬
�	������� � � �2��� ��
�&

1"Æ?� � Ç��lÇ � Ç��lÆ?� ®�� oL|RjvkL}b¨{#� bn��}bmhnoLk�jl]P|9b~|£kzj¡tb~\�b§{Ro [�]Y¿�b~\�� bmp�k�]P\�_R`Y|Rj�p£}b~b§`YoLk^]PoL\�{#� oL|(k�`�a�qT]P|({#� jv|Tp �
k�\�oThnkzjv]�|Tp~wT{#� oL|Lb�oL|RjlkL}b"{Rb"{�}bmhn]L{L`Y_Pb+b~k!{Rb"{Rb~oR�§oL|Rjlk�}bmp�{Rb�hn]�|£k�\�¯]YrlbP¬�· r¤rvb¢{�j�p�qT]£pzb�`YoTp�p�j�{Rb¢{Rb~oR�ÀoL|RjlkL}bmp
`Y\�jlk�iLa9}b~k�j�´�oLbmp�b~k�rl]P_Yj�´�oLbmp�´PoRj�rloRj�qTb~\�a
b~k�k�b~|Rk!{#� bnÃ�bmhnk�oLb~\�rlbmp+h~`ªr�hnoRrpx¬���bmp.{Rb~oR�§oL|RjlkL}bmp�\�b~_P\�]PoLqFb~|£k$oL|
hnb~\�k�`Njv|Tp$|L]Pa¢yL\�b"{#� ]�q�}b~\�`Yk^b~oL\�pT©

� � � � � � ���	 ��� 	�� �	�� �	� � 
�� � �$)¢bmp�k¢hn]P|Tp�k�jlk�o�}b~b�{#� oL|9`P{L{�jlk�jl]P|L|Lb~oL\¨t`K{Rb~oR�Wb~|Rk�\L}b~bmp�b~k¢{#� oL|Lb�oL|RjlkL}bK{Rb
{�}bmh~`ªr�`Y_PbP¬

� ®�`"{Rb~oR�Rj¡tb~a�b 	 � � � �#jv|Th^rloLk.oL|§`�{L{�jvkzjv]�|L|Lb~oL\�t`�k�\^]Yj�p�b~|Rk�\L}b~bmpxwPoL|Lb+oL|RjvkL}b!{Rb�{�}bmh~`ªr�`Y_�be`ªjl|Tp j�´Po�� oL|Lb
oL|RjvkL}b"{Rb�a¢oRrlk�jlqRrsj�h~`Ykzjv]�| �u{�j�«Pj³p jl]P| 	u«P]�jv\$qT`Y_Pb"ºY» �n¬

¶¢�æ`YoLk^\�b�qT`Y\�kmwª\�`YqLqFbnrl]P|Tp�rlbmp�{Rb~oR��oL|RjlkL}bmp�{Rb�yL\�`�|Th�iLb~a�b~|Rk�p�b~k�ru� oL|Rjlk�}b.{Rb�h~`NrhnoRrHpzoL\�rvbmp�hn]L{Rbmp�hn]P|T{�jlk�jl]P|Tp~w
k�]PoLk^bmp�k�\�]Yj�p;jla�qRr~}b~a�b~|£kL}b~bmp�p�oL\�ru� ¼^� �"¬

®��æ`Y\�h^iRjlk�bmhnk�oL\�b�[�]Y¿�b~\�{;}b�T|RjlkÀ}b~_£`Nrvb~a
b~|£k��P��\�b~_�jpzk�\�bmp;_�}b~|�}b~\�`YoR��{Rbe�P��yRjlk�p 	   & ��jla�qRr�`Y|Rk�}bmp�p�oL\;r�`)�� �"¬Ff �T|�{#� jla�qRr~}b~a�b~|£k^b~\+r`�k^]Pk�`ªr¤jlkL}b¢{Rbmp+qT]P\^k�p!´�oRj�`Ph~hNtbm{Rb~|Rke`�o¨yT`�|Th�{Rb¢\�b~_�jpzk�\�bmp�p�`Y|Tp+´�oLb hnbnrloRj �uh^j
p�]Yjlk�k�\^]Pq§«P]�rvoLa jv|Lb~oR��w�{Rb~oR��hn]PqRjlbmp+j�{Rb~|Rk�j�´PoLbmp²{Rbmp�%e[��3bn�Rj�p�k�b~|Rk"`Yo�p�bnjl|W{Ro°qL\�]Lhnbmp�p�b~oL\mw�`ªr¤jla�b~|Rk�`Y|Rk
h^iT`PhnoL|Lb§{Rbmp�oL|RjlkL}bmp¢{#� bn��}bmhnoLk�jl]P|�¬;��bmh^j!qFb~\�a�b~k�{Rb§{�j�p�qF]£p�b~\K{Rb°�ÀqF]P\�k�p²b~|¦rvbmhnk^oL\�bKb~k�{RbK»°qT]P\^k�p¢b~|
}bmhn\zjvk^oL\�b�\L}b~qT`�\�k�j�p�{Rb�r�`²±u`��hn]P|§p�oRjl«N`�|£k�b�©

� ¶+b~oR�WqT]P\^k�p¢{Rb�rvbmhnk^oL\�bKqT]PoL\ rvbmp ]Pq�}b~\�`�|T{Rbmp�{#� · ��ÂLw��°qF]PoL\²rlbmp¢]Pq�}b~\n`Y|T{Rbmp¢{#�æ· �¢c 	 t`°h~`YoTp�b§{Rb
r¡� `P{L{�jlk�jl]P|L|Lb~oL\�t`¢k�\�]�jp;b~|Rk�\L}b~bmp��¬
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� ®#bmp.p j¤�Rj¡tb~a�b"b~k+p�b~qLk�j¡tb~a�b�qF]P\�k�p$p�]P|Rk�{Rbmpzk�jl|�}bmp+`YoR� {R]�|L|�}b~bmp"t` }bmhn\�jl\�b"{L`Y|Tp;rlb¢h~`Ph�iLb"{Rb¢{R]P|L|�}b~bmpx¬

� ®#bmp+»KqT]P\^k�p!{#��}bmhn\�jlk�oL\�b¢\�b �hn]�jv«�b~|£k+rlbmp�\L}bmp�oRrlk�`Yknp.{Rbmp�f�® �+p+b~k"{Rbmp+]Pq�}b~\�`�k�jl]P|Tp!{Rb²rlbmhnk�oL\�bP¬��.`YqLqFb��
rv]�|Tp!´�oLb�rlbmp$]Pq�}b~\�`�k�jl]P|Tp � 
 � ��� � � � ��� � � � 	 qL\�]L{RoRjpzb~|£k"{Rb~oR�6}bmhn\�jlk�oL\�bmp~wRr�`�{R]�|L|�}b~b�rloLb²b~k.ru�æ`P{R\^bmp�p�b
qL\�}bnjl|Thn\L}b~a�b~|£kL}b~bP¬£[�`�\�`Njsr¤rlb~oL\�p~w¹rlb"qRjlqTbnr¤jl|Lb�b~|Rk�jlb~\e{Ro§[�]Y¿�b~\���qTb~\�a�b~k$rlb � 
�� � ��� {Rb+ru��}b~k�`�_Pbe{#� `Ph~hNtbmp
`Yo�h~`Ph�iLb�{L`Y|Tp+rlbKh~`Pp�{Rbmp�]Pq�}b~\�`Yk�jl]P|Tp+b~|Rk�jutb~\^bmp~¬#f!oTp^p juw�oL|Lb
jv|Tpzk�\�oThnk�jl]P|W{Rb rvbmhnk^oL\�b�a9}b~a�]Yjl\�b�´�oRj
`m«Y`ªjlk�oL|�hn�Lh^rlbe{#� `m«Y`Y|Thnb!{L`Y|Tp�rlb.qRjlqTbnr¤jl|Tb²b~|£kzjvb~\;qTb~oLk.p�b��T|Rjl\�b~|�a°¯b~a�b�k�b~a�qTp;´Po�� oL|Lb$jl|Tp�k�\�oThnkzjv]�|
� 	���� � � � 	3� � 	���� � � � 	 ¬L®�`�qL\L}bmp�b~|Thnb�{Rb�{Rb~oR��qT]P\�knp�{#��}bmhn\�jlk�oL\^b"qT`Y\�qRjlqTbnr¤jl|LbKqTb~\^a�b~k�{Rb¢\L}bmp�]PoT{R\�b¢hnb~k�k�b
p jlk�oT`Yk�jl]P|�¬

d’écritures

Fichier de registres

(32 x 36 bits)

Fichier de registres

(32 x 36 bits)

Unité logique

Unité d’exécution 0

Cache données

Additionneur 2-entrées
Unité logique

Unité de

Cache donnéesCache données

en attentes

Bus processeur (Pbus)

Cache données (port 0,1)

Unité d’exécution 1
Additionneur 3-entrées

multiplication/division

Pbus

(port 0)

(Ibus)
d’instructions

Bus

Logique de contrôle et
d’interface vers le 
cache de données

TamponLogique

(port 1)
Synchronisation avec 

l’unité flottante
Pbus

d’instructions

Tampon

Unité

Unité 

de 

contrôle

décodage
de 

de 

Unité 

contrôle

+�,.- �#�¹¬lc~» � � � � ���	 � � � � �*� �	 � � � � 	 	 � � � �	 � 	 ���  �"$#%��&��

*�Æ�� É Ç��lÆ?� � �F�W� �TÇ ®=bmp�oL|RjvkL}bmp
qL\�}bmp�b~|Rk�bmp�pzoL\�ru� ¼^� �:{�j�p�qF]£p�b~|Rk§{Rbmp
jv|Tpzk�\�oThnk�jl]P|Tp¥}b~a¢j�p�bmp�b~|¦jl|£k�b~\^|Lb
qT`Y\"hnbnr¤rlb��uh^ju¬�·�r¤rlbmp¢p�]P|Rk"{R]P|Th¢bn��}bmhnoLkL}b~bmp�{�jv\^bmhnk�b~a�b~|Rk�`YqL\mtbmp$rlb~oL\�}b~a jp^p jl]P|�b~|�oL|Whn�Lh^rlbP¬�®#bmp�oL|RjlkL}bmp"{Rb
yL\�`Y|Th^iLb~a�b~|Rk�p�qFb~\�a�b~k�k�b~|RkmwT{#tbmp.´�o�� j¤r��§`¢oL|Lb�jl|Tp�k^\�oThnk�jl]P|¨{Rb¢p�`YoLkmwF{Rb"h~`ªr�hnoRrvb~\"`�o§qRrloTp.k�¯]Pk�ru�æ`P{R\�bmp^p�b�t`
qT`Y\�kzjv\�{Rb�r`�´PoLbnr¤rlb!]�|�qL\L}bmh^iT`Y\�_Pb~\�`�rvbmp jl|Tp�k�\�oThnk�jl]P|Tp;h^jlyRrvbmpx¬�®��æ`YoLk�\�b�oL|RjlkL}b�\^b �hn]Yjlk�rvbmp jl|Tp�k�\�oThnk�jl]P|Tp rl]P_Yj�´PoLbmp
qT]�\�k�`Y|Rk�p�oL\#rlb�\�b~_Yj�p�k^\�b�{Rb�hn]P|T{�jlk�jl]P|Tpx¬R��b�\�b~_Yj�p�k�\^b�bmp�k�]�\�_£`Y|Rj�pR}b�b~|�Á.h^iT`Ya�qTp�{Rb;»!yRjlk�p�{Rbmp�k�jl|�}bmp�t`.\^bmhnb~«P]Yjl\
rlbmp.\L}bmp�oRrlk�`Yknp�{Rbmp;jl|Tp�k�\^oThnk�jl]P|Tp!{Rb�yL\n`Y|Th�iLb~a
b~|£k!hn]�|T{�jvkzjv]�|L|Lbnr¡¬ tf�hnb�|Rjl«Pbm`Yo�wT{Rb~oR�Kjl|Tp�k^\�oThnk�jl]P|Tp�qFb~oL«Pb~|£k
¯b~k^\�b!bn��}bmhnoLkL}b~bmp�p�jva¢oRrlk�`Y|�}b~a�b~|Rk�t`¢h�iT`P´�oLb"hn�Lh^rvbPw#p�]Yjlk!{Rb~oR�KyL\�`Y|Th^iLb~a�b~|Rk�p~wTpz]Yjlk�oL|1yL\�`Y|Th^iLb~a�b~|Rk.b~k�oL|Lb
jl|Tp�k�\�oThnkzjv]�|§a�`Y|RjlqLoRr�`Y|Rk.rlbmp+hn]�{Rbmp+hn]P|T{�jlk�jl]P|Tp~¬

®�` )�� ��bmp�k.h^iT`Y\�_�}b~b!{#� bn��}bmhnoLk�b~\�k�]�oLk�bmp�rlbmp;jl|Tp�k�\^oThnk�jl]P|Tp!`�\�jlk�iLa9}b~kzj´�oLbmp�`ªjl|Tp j�´PoLb"hnbnr¤rlbmp+`m�R`Y|£k�k^\�`ªjlk
`YoR��\L}bn±N}b~\�b~|Thnbmp�a9}b~a�]Yjl\�bmp~¬P®�� ¼�� �ÌqTb~oLk�}b~a�b~k^k�\�b���oTp^´Po���t`�»�jl|Tp�k�\^oThnk�jl]P|Tp�b~|Rk�j¡tb~\�bmp;p�oL\�ru� ¼ yLoTp~¬ �.|�k�`Ya�qF]P|

ó³ô�í#ó�ö
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{Rb¢i£oRjlk�b~|Rk�\L}b~bmp.\L}bmhnb~qLk�jl]P|L|Lb²rlbmp$jv|Tpzk�\�oThnk�jl]P|Tp�b~k.rlbmp1}b~a
b~k!«Pb~\np�ru� oL|RjlkL}b {Rb�{;}bmhn]�{L`Y_�bP¬���b~k^k�b"oL|RjlkL}b"qTb~oLk
k�\�`Njvk^b~\!{Rb~oR�Kjl|Tp�k�\�oThnk�jl]P|Tp¢t`²r�`²±³]Yj�p�b~k!hn]P|Rk�\P¯]�rvb;©

� r`�rvbmhnk^oL\�b�{Rbmp$\�b~_Yj�p�k�\^bmp�_�}b~|�}b~\�`YoR��w

� r¡� bn��k�b~|Tp�jv]�|¨{Rbmp;jla�a9}bm{�j�`Yk�p~w

� \�}bmp�]�oT{¢rlbmp+{�}b~qTb~|T{L`�|Thnbmp 	ua9}bmh~`Y|Rj�p�a�b"{Rb"p^hn]P\�b~yT]R`Y\�{�b~k!{Rb²y£�RqT`Pp�p�nw
� b~kÀ}b~a�b~k;rlbmp�jv|Tpzk�\�oThnk�jl]P|Tp$«Pb~\�p;rlbmp+{Rb~oR�ÀoL|RjlkL}bmp.{#� bn��}bmhnoLk�jl]P| 	 � �$)$b~k � �$� ��¬
¶+oL\n`Y|£k;rlb"hn�Lh^rvb¢{Rb�{;}bmhn]�{L`Y_�bPwPrlbmp�\^b~_Yj�p�k�\�bmp�_�}b~|�}b~\n`YoR��p�]P|Rk�rloTp~¬¹f!o°hn��h^rlb�pzoRjv«Y`Y|RkmwRrlbmp�oL|RjlkL}bmp${Rb"{�}b��

hn]L{L`Y_Pb�}b~a�b~k^k�b~|£k�rlbmp�jl|Tp�k�\^oThnk�jl]P|Tp�«Pb~\np�rvbmp�oL|Rjlk�}bmp�{#� bn��}bmhnoLkzjv]�|�¬P®#bmp�{Rb~oR��oL|RjlkL}bmp�{Rb+hn]P|£k^\P¯]Yrlb.{#� bn��}bmhnoLk�jl]P|
_Ttb~\�b~|£k;ru�æ`Y\^\�jl«�}b~b"{Rbmp�]Pq�}b~\n`Y|T{Rbmp~w�jl|£k�b~\^«Pjlb~|L|Lb~|Rk"{L`Y|Tp;ru� bn��}bmhnoLk�jl]P|°{Rbmp.]Pq�}b~\�`Yk�jl]P|Tp�{Rb+rlbmhnk�oL\�b -�}bmhn\�jlk�oL\�b²b~k
b~| �T|�w�hn]P|Rk�\P¯]Yrlb~|Rk�ru��}bmhn\zjvk^oL\�b�{Rbmp$\L}bmpzoRrvkn`Yk�p.{Rb�h^iT`PhnoL|Lb�{Rbmp+f�® �+p!´�o�� bnr¤rlbmp�_P]PoL«�b~\�|Lb~|£k+{L`Y|Tp�rlb¢yT`Y|Th¢{Rb
\�b~_Yj�p�k^\�bmp~¬T®�` �T_PoL\�b"�L¬lcx»�\^b~qL\�b~|T{�rlbmp$qL\�jl|Th^jvqT`�oR�¸}bnr~}b~a�b~|£knp�{Rb�ru� oL|Rjlk�}b"`Y\zjvk^iLa }b~k�j�´�oLb"{Ro¨[�]Y¿�b~\�� �~¬

®�� oL|Rjlk�}b�b~|Rk�j¡tb~\�b�jl|Th^rvoLk�oL|¢p�oLqLqT]�\�k�qF]PoL\�r¡� bn��}bmhnoLk�jl]P|"qT`Y\n`ªr¤r¡tbnrlb�{#� ]Pq�}b~\�`�k�jl]P|Tp#{#�æ`P{L{�jlk�jl]P|Tp�{;}b~qFb~|T{L`Y|Rk�bmp
	�hn]Pa
a�b;rvb � ¼;�PoLqTb~\x�PqT`Y\�h�qT`Y\�bn�Lb~a�qRrlb���¬ � ]PoLk�bmp�rlbmp�]�q�}b~\�`Ykzjv]�|Tp�{Rb�a¢oRrlk�jlqRrsj�h~`Ykzjv]�|Àp~� bnÃ=bmhnk^oLb~|£k�b~|�{Rb~oR�
hn�Lh^rvbmp 	���t`���hn�Lh^rlbmp�}b~k�`ªjlb~|Rk�|�}bmhnbmp�p^`ªjl\�bmp�p�oL\�rlb![�]Y¿�b~\mc��n¬m®�`"{�jl«�j�p jl]P|K|�}bmhnbmp�p�jvk^b�{Rb²cm��t`�c~»"hn�Lh^rlbmp�p�oRjl«Y`Y|£k
rlbmp.]�q�}b~\�`Y|T{Rbmp�hn]P|Rk�\�b�cª���u�P�¢p�oL\$rvb"[�]Y¿�b~\mcP¬

f+o�|Rjv«�bm`Yo¨{Rb+ru��}b~k�`Y_Pb!{Rb"{;}bmhn]�{L`�_PbPw�r` )�� ��k^bmp�k�b+rlbmp.{;}b~qFb~|T{L`Y|Thnbmp+{Rb"{R]P|L|�}b~bmp;b~|Rk�\�b$rvbmp+{Rb~oR��jv|Tp �
k�\�oThnkzjv]�|Tp~¬£¶+o¢±u`ªjlk�{Rb$ru� bn��}bmhnoLk�jl]P|K{L`Y|Tp�ru� ]�\�{R\�bPwPbnr¤rlb�qTb~oLk²¯b~k�\�b.`Ya�b~|�}b~b�t`erlbmp�bn��}bmhnoLk^b~\�pR}bm´PoLb~|Rk�jlbnr¤rvb~a
b~|£km¬
®��æ`�{L{�jvkzjv]�|L|Lb~oL\�t`²�+b~|£k^\�}b~bmp�jla�qRr~}b~a
b~|£kL}b.{L`Y|Tp�· ��c�qFb~\�a�b~k�{#� `Ya9}bnr¤jl]P\�b~\�rlbmp�qTb~\�±³]P\�a�`�|Thnbmp�b~|�bn��}bmhnoLk�`�|£k
b~|�qT`Y\n`ªr¤r¡tbnrlbÀ{Rb~oR� `�{L{�jvkzjv]�|Tp�{;}b~qTb~|T{L`Y|Rk�bmp~¬�®�`¨pR}bm´�oLb~|Thnb�{Rb�hn]L{RbÀ{Rb¢ru� bn�Lb~a�qRrlb§��|�}bmhnbmp^p jlk�b~\�`ªjlk�{#�å¯b~k�\�b
bn��}bmhnoLkL}b~b!pR}bm´�oLb~|Rk�jlbnrsrlb~a�b~|Rk!{Ro
±¡`Njvk.{Rb$r�`�{;}b~qTb~|T{L`Y|Thnb"{Rb+k��£qFbe��f�Î�¬Pf+o
rsjlb~o°{#�æ`Yk�k�b~|T{R\^b�rlb�\�}bmp�oRrlk�`�k�{Rb
r�`¢qL\�b~a¢jutb~\�be`�{L{�jvkzjv]�|�wRru�æ`P{L{�jlk�jl]P|L|Lb~oL\�t`"k^\�]Yj�p;b~|£k�\L}b~bmp�«Y`¢qTb~\^a�b~k�k�\�b�{Rb"h~`ªr�hnoRrlb~\e{�jl\�bmhnk^b~a�b~|£k 	 &(� � &��
� & � ��qTb~|T{L`�|£k�´PoLb�ru�æ`YoLk�\�b"`�{L{�jvkzjv]�|¨p~� bnÃ�bmhnk�oLb�b~|1qT`Y\�`ªr¤rutbnrlbP¬
� =��T� 5 Ê� ,

&(� � &���� & � �
& � � &���� &����

tf |L]Pk�b~\K´PoLb hnbmpK{Rb~oR�Ì`P{L{�jlk�jl]P|Tp qTb~oL«Pb~|Rk9¯b~k�\�b¨{RbmpKh~`NrhnoRr�p°{#�æ`P{R\^bmp�p�bmp�{L`Y|TpK{RbmpK]Pq�}b~\�`Yk�jl]P|Tp�{Rb
rl]£`P{ -Npzk�]P\�bP¬

�D��, '6� �¢���~������� �

®�� jla�qRr }b~a�b~|Rk�`Yk�jl]P|�{RoW¶�·��¸�LcPcmº�»KqL\�jl«Pj¤r }b~_Yjlb�oL|Lb¢±³\�}bm´�oLb~|Thnb�{#� iL]P\�rl]P_Pb
k�\mtbmp }bnrlb~«�}b~b�´�oRj�jva
qT]£p�bK{Rb
|L]Pa¢yL\�b~oTp�bmp²\�bmpzk�\�j�hnk�jl]P|Tp¢p�oL\�rlbmp²jl|Tp�k^\�oThnk�jl]P|Tp¢pR}bm´�oLb~| �h~`YyRrlbmp²b~|WqT`�\�`ªr¤r¡tbnrlb 	ub~|�qT`Y\^k�j�hnoRrsjlb~\mw rvb~oL\�`ªr¤jv_�|Lb��
a�b~|Rk���¬�®��æ`YyTp�b~|ThnbK{RbKk�`Ya
qT]P|W{#� jv|Tpzk�\�oThnk�jl]P|Tp¢b~| b~|Rk�\L}b~b�{Rbmp"oL|RjlkL}bmp�±õ]P|Thnkzjv]�|L|Lbnrsrlbmp
|Lb�qFb~\�a�b~k¢qT`Pp¢{Rb
{;}bmhn]�oLqRrvb~\
rlbmp�bn��}bmhnoLkzjv]�|Tp�b~|Rk�\�b�jl|Tp�k�\^oThnk�jl]P|Tp�b~|Rk�jutb~\^bKb~k�/T]Pk^k�`Y|Rk�b�b~k�p�]P|(a9}bmh~`Y|Rj�p�a�b§{#��}b~a¢j�p�p jl]P|�{Rbmp
jl|Tp�k�\�oThnkzjv]�|Tp�jl|Rk�b~\�{�jlk!oL|Lb²bn��}bmhnoLk�jl]P|§{L`Y|Tp�rlb�{;}bmpz]P\�{R\�bP¬
ü ��� Ü�é�ëmèxáæÝmãÜ�é�áæç�äxâ�ãÜ�ç�Ü�è~ÝªãÜ�Ü�é�é³ëmÞ#â�� óõÛ��1èªÜ�é³ê�è~Ý�äYß�é�Þ³Ü�ämÞªãÜ�é³Ü�è~ÝmãÜ�Ü�é
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µ$]Pk�]�|Tp.b~| �T|�w�´PoLb²r�`KqLiT`Ppzb {Rb�pR}bm´PoLb~|Thnb~a
b~|£k"{Rbmpejv|Tpzk�\�oThnk�jl]P|Tp²`(}b~kL}b�qRjvqFbnr¤jv|�}b~bÀpzoL\"�Khn��h^rlbmp 	�p�]Yjlk
cmÂ¢|Tp¢t`��PÂ�Â�¾ � ����¬F��bmh^j�bmp�k�t` \�`YqLqL\�]Lh�iLb~\�{Rbmp$qLiT`Pp�bmp.{Rb¢{�}bmhn]L{L`Y_Pb�{Rbmp${Rb~oR� `YoLk�\^bmp�qL\�]Lhnbmp�p�b~oL\�pK}b~k�o �
{�j }bmp�©#oL| hn�Lh^rlb 	�cª��|Tp�ep�oL\�rlbÀ¾1¼�[�� �$ÁPÂPÂPÂ�b~k¢{Rb~oR� hn��h^rlbmp 	�p�]�jvk¢�PÁ�|Tp¢{L`Y|Tp+rlbKh~`Pp"{Rbmpejl|Tp�k�\�oThnk�jl]P|Tp
b~|Rk�j¡tb~\�bmp��p�oL\�rlbK[�]Y¿�b~\n� 	³rlbmp"k^\�]Yj�p�qL\�]Lhnbmp�p�b~oL\np"oLkzjsr¤j�p�b~|Rk9}b~_R`ªrlb~a�b~|£k"{Rbmp²yRjlk�p¢{Rb�qL\�}bm{;}bmhn]�{L`Y_�b���¬��;b~k�k�b
\L}b~qT`Y\�k�jlk�jl]P|°bmp�k�jva
qT]£pR}b~b�qT`�\+r` ±³\L}bm´�oLb~|Thnb�{Rb
±õ]�|Thnk�jl]P|L|Lb~a�b~|Rk�{Ro qL\�]�hnbmp^p�b~oL\mw#r�`1_Pbmp�kzjv]�|W{Rbmp"hn]P|�/Ljlk�p
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a°¯b~a�b�{L`Y|Tp=rlb!{;}bmpz]P\�{R\�bP¬m®�� jla�qRr }b~a�b~|Rk�`Yk�jl]P|�{Rbmp�a9}bmh~`Y|Rj�p�a�bmp�{�}bm{�j~}bmp�`YoR�¢k�\�`ªjlk�b~a�b~|Rk�p�{Rbmp�yL\�`Y|Th^iLb~a�b~|Rk�p
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®=bmp"k^\�]Yj�p²a¢j�hn\�]PqL\�]Lhnbmp�p�b~oL\�p }b~k�oT{�j~}bmp²`��Àh^iLb~|£k�{Rbmp²qTb~\z±õ]P\^a�`Y|Thnbmp¢qF]Pk�b~|Rk�jlbnrsrlbmp
b~|$/T]�k�k�`Y|Rk�jla�qL\�bmp �
p jl]P|L|T`Y|Rk�bmp
	�ºPÂPÂ§¾ /T]PqTp qT]PoL\¢rlb§¶�·�� �LcPcmº�»Tw�b~k¢\�bmp�qFbmhnk�jl«Pb~a�b~|RkÀ��ÂPÂKb~k���ÁR�§¾;/T]�qTp"qF]PoL\¢rlb¨¾1¼�[��
�.ÁPÂ�ÂPÂ¢b~k�rlb�[�]Y¿�b~\�� ��b~k.«�jpzb~|£k!h^r�`ªjl\�b~a
b~|£k+rlb"a�`Y\�h^i�}b�{Ro§h~`ªr�hnoRr�p�h^jlb~|Rk�j �H´PoLbP¬�� %+¼�qL\L}bmp�b~|Rk�`Y|Rk�a°¯b~a�b$rlb
¾1¼�[����.ÁPÂPÂPÂ
hn]Pa�a�b�]P\zjvb~|RkL}b!«Pb~\np;rlb�h~`ªr�hnoRr�«Pbmhnk�]P\�jlbnru¬

¼¡rH��`"´�oLbnr�´PoLbmp$`Y|L|�}b~bmp�b~|Thn]P\�bPw�rlbmp�]�q�}b~\�`Yk^b~oL\�p?/T]Pk�k�`�|£k�p�pzb.qL\L}bmpzb~|£k�`Njvb~|Rk�pz]PoTp�r�`�±õ]�\�a�b!{Rb�hn]PqL\�]Lhnbmp �
p�b~oL\�px¬�®���}b~«P]�rvoLkzjv]�|Kk�bmh�iL|L]�rv]�_Yj�´PoLb¢`"qFb~\�a¢j�p.{Rb�\�b~_�\�]PoLqTb~\+p�oL\.oL|Ka°¯b~a�b!hn]Pa�qF]£p�`Y|Rk�]Pq�}b~\n`Yk�b~oL\�p;b~|Rk�jlb~\�p
b~k%/T]�k�k�`Y|Rk�p~w�hn]Pa
a�b¢rlbÀ{;}b~a�]P|Rk�\�b�r`1_�}b~|�}b~\�`�k�jl]P|§qL\L}bmhT}bm{Rb~|Rk�b�{Rbmp�qL\�]�hnbmp^p�b~oL\�p�}b~k�oT{�j~}bmp �æ����`ªjl|Tp j!´�oLb¢rlb
¶�·��W�¹cPcmºY»T¬���b~qTb~|T{L`Y|Rkmwªrlbmp�qL\^]P_P\L}bmp�\L}bm`ªr¤j�p£}bmp�]PoL«R\�`Y|Rk�k�]�oY��]PoL\np�{Rb.|L]�oL«Pbm`YoR��iL]�\�j��~]P|Tp~wYrlb.p�oLqFb~\�p�h~`ªr�`ªjl\�b
jl|£k^\�]�{RoRjlk;r�`²a�oRrlk�jlqRr¤j�h^jlk�}b"{Rbmp;]Pq�}b~\�`Yk�b~oL\�p�qF]PoL\�`�oL_Pa�b~|Rk�b~\�rlb+qT`Y\�`ªr¤r }bnr¤j�p�a�b"`Yo
|Rjv«�bm`YoÀ{Rb$ru� bn��}bmhnoLk�jl]P|K{Rbmp
jl|Tp�k�\�oThnkzjv]�|Tp~¬�®#b�\�b~_£`Njv|9{Rb�p�oL\z±¡`Phnb�|�}bmhnbmp^p jlk�}b¢qT`Y\¢hnb�|L]PoL«Pbm`Yo9hn]P|Thnb~qLk¢`ªjl|Tp j!´PoLb¢ru�æ`�h~hn\�]Yj�p�p�b~a�b~|Rk�{Rbmp
}bnr~}b~a�b~|£knp+a }b~a�]�jv\^bmp$±õ]P|Rk"´�oLb¢rlbÀ[�]Y¿�b~\��
b~k�rlb�¾1¼�[��¨�.ÁPÂPÂ�Â�a�b~k�k�b~|Rk"b~|�Ä�oL«R\�b�{Rbmp�oL|Rjlk�}bmp /T]Pk�k�`Y|Rk�bmp
p�]PoTp�r`�±õ]P\^a�b"{Rb�{Rb~oR�¨hn]PqL\^]�hnbmp�pzb~oL\�p~¬

®=bmp�hn]P|Thnb~qLk�b~oL\�p ]P|£k§t` ±u`ªjl\�bKoL|(hnb~\�k�`ªjl|9|L]Pa¢yL\�bK{Rb§h^iL]Yj¤� qF]PoL\�]PqLk�jla¢j�p�b~\ rvb1\�`YqLqF]P\�k�hn]�¯oLk�-mqFb~\ �
±³]P\�a�`Y|ThnbK{Rb§hnbmp¢oL|RjlkL}bmp~¬�¶$jv«�b~\�p�hn\�jlkmtb~\�bmp¢p�]P|RkÀt`�hn]P|Tp�j{;}b~\�b~\¢k�bnr¤rlb¨´�oLb�rvb§h^iL]Yj¤�({Rb�r` a¢j�p�bKb~|9Ä�oL«£\^b
	ua�`�k�}b~\�jlbnr¤rlb"]Po rl]P_Yj�h^jlbnrsrlb���w=ru��}bm´�oRj¤rsjlyL\�b¢b~|Rk�\�b²b~|£k�jlb~\+b~k /T]�k�k�`Y|RkmwRb~k!b~| �T| rlbmp�h~`Y\�`PhnkL}b~\�j�p�k�j�´�oLbmp.{Rbmp.]�q�}b~\�`��
k�b~oL\�p 	u\�`�qRj{�jlkL}b�{Rbmp�`ªrl_P]P\�jlk�iLa�bmp�jla�qRr }b~a�b~|RkL}bmp~wTa¢oRrlk�jlqRr¤j�h~`Yk�jl]P| �u`P{L{�jlk�j�]�|W«Pb~\np�oTp.a¢oRrlk�jlqRr¤jlb~oL\�qRrloTp²`P{L{�j �
k�jl]P|L|Lb~oL\��n¬£®#bmp�h^iL]Yj¤�Àp�]P|Rk�hn]P|T{�jlk�jl]P|L|�}bmp;qT`Y\�rlbmp�{R]�a�`ªjl|Lbmp�{#�æ`YqLqRr¤j�h~`Yk�jl]P|Tp;qT]PoL\;rlbmp�´�oLbnr�p;rlbmp�qL\^]�hnbmp�pzb~oL\�p
p�]P|Rk�qL\L}b~«RoTp~¬

- ��* � �+��� ��0#�9�9� �	�.-

®=bmp.k�\^]Yj�p.qL\�]Lhnbmp�p�b~oL\npK}b~k�oT{�j }bmp;jla�qRr~}b~a
b~|£k�b~|Rk+r�`�|L]�\�a�b"¼�·�·;· 
 � � ��� � � � 1
�� ��� � � ��
%/ � 
 � � � � ���  �
 � � �
� � � � �'� 	 � � � 	uf�µ��P¼�-m¼�·;·�· �Pk�`Y|T{L`Y\n{K�N��» �.cm�PÁP� ��¬L��b"pzk�`Y|T{L`Y\�{K` }b~k�}b!{;}b�T|Rj {L`Y|Tp;rlb²yLoLk!{#�æ`Ya9}bnr¤jv]�\�b~\�r�`
´�oT`ªr¤jvkL}b"{Ro¨h~`NrhnoRr /T]Pk�kn`Y|£k�b~k$r�`¢qT]P\^k�`YyRj¤r¤jvkL}b�{Rbmp+`YqLqRr¤j�h~`Yk�jl]P|Tp~¬���b¢p�k�`Y|T{L`Y\n{�bmp�k.a�`ªjl|Rk�b~|T`Y|Rk.oLk�j¤r¤j�p£}b²qT`Y\
k�]PoTp$rlbmp¢`Phnk�b~oL\np+qL\�jl|Th^jvqT`�oR�¦{RoWh~`NrhnoRr!p�h^jlb~|Rk�j �H´PoLbP¬�¼¡r�p�oLqLqF]P\�k�b�{Rb~oR��k��RqTbmp"{Rb ±õ]P\^a�`Yk"�P��b~k"ºY»1yRjlk�p
	�hn]P|R±�tb~\^b �T_PoL\^b�»T¬lc���b~k.»�a
]�{Rbmp+{#�æ`Y\�\^]P|T{�j�p 	u«Pb~\�p 	��(wF«Pb~\�p�	��(w¹«Pb~\�p.ÂLwF`YoKqRrloTp.qL\mtbmp��¬

®�`Kp jl_P|Rj �Hh~`Yk�jl]P|9{Rbmp+k�\�]Yj�p�h^iT`Ya�qTp+bmp�k+r�`Ka°¯b~a�b²qT]PoL\�rvbmpe±õ]�\�a�`Yk�p+p jla�qRrlb�b~k"{R]PoLyRrlb�qL\L}bmh^j�p jl]P|�¬�®=b
yRjlk�{Rb�qT]Yj�{Lp�±³]P\�k"\^b~qL\�}bmp�b~|Rk�b²rlb�yRjlk�{Rb�p jl_P|LbPw�ru� bn�LqT]£p^`Y|£k²bmp�k"oL| |L]Pa¢yL\�b�\�b~qL\L}bmp�b~|Rk�}b¢b~|�oLk�j¤r¤j�p�`Y|Rk¢oL|Lb
a9}b~k�iL]�{Rb�{Rb�yT`Pp�bPw#b~k²b~| �T|�r�` � � � � � ����	 {�}bmp jl_P|Lb
oL|Lb�«N`ªrlb~oL\²jl|R±N}b~\�b~oL\�b¨t` c�a�`Njp²{R]P|Rk+r`1p jl_P|Rj �Hh~`Yk�jl]P|
jla�qRr¤j�h^jvk^b9bmp�k¨c°qRrloTp1hnbWh�iT`�a�q�¬�·�|6{#�æ`YoLk�\�bmp�k^b~\�a�bmp~w�r�` \�b~qL\L}bmpzb~|£k�`�k�jl]P| {Rbmp |L]Pa¢yL\�bmp /T]Pk�k�`�|£k�p bmp�k
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3031

8 23

2223

E
exposant

S
signe

0

1

Format flottant simple précision

mantisse
M

Format flottant double précision

6263 05152

E
exposantsigne

S

111 52

M
mantisse

+�, - �F»T¬lc ��/ 
�� � � � � 	�� � 
 � � � 	���� 
���� � � � � ���	�� � � � � � � � � 
 � � 	 � ��� � � � �

hn]P|R±³]P\�a�b�t` r�`K±³]P\�a¢oRrlb 	 	�c����°� � � � � ���(�������	��
�� ���������� � �����+`m«�bmh�{L`Y|Tp�rvb§h~`�p�{Rbmp²|L]Pa¢yL\�bmp¢p jla�qRrlb
qL\L}bmh^jp�jv]�|"©LyRj�`ªj�p

�
cm�R��b~k!{R]PoLyRrlb¢qL\L}bmh^jp�jv]�|"©LyRj�`ªj�p

�
cªÂP�P�L¬

[�]�oL\�{Rbmp�\�`ªj�p�]P|Tp.{Rb"hn]�a�qT`Yk�jlyRj¤r¤jvkL}bPwRrlb�¶�·��(�LcPcmºY»�p�oLqLqF]P\�k�b+rlbmp�k��RqTbmp.{Rb"{R]�|L|�}b~bmp Ë f � ) b~k %6b~k
±³]PoL\�|Rjlk!`YoTp�p�j�oL|¨p�oLqLqF]P\�k�r¤jla¢jlkL}b"qT]�oL\�rlb"k��£qFb"¶ 	u«P]Yjl\ � � ��qT]PoL\+qRrloTp!{Rb"{;}b~k�`ªj¤r�p!p�oL\+hnbmp;±õ]�\�a�`Yk�p ��¬

®=b�¶�·����LcPcmºY»Kb~k�rlbÀ¾1¼�[�� �$ÁPÂPÂPÂ1p�oLqLqT]P\^k�b~|£k�rlbmp�±³]P\�a�`Yk�p��P� b~k�ºY»1yRjvknp~w�k�`�|T{�jp¢´�oLb¢rlb§[�]Y¿�b~\n�
bnÃ�bmhnk�oLb�k�]PoLk^bmp;rlbmp.]Pq�}b~\�`Yk�jl]P|Tp�p�oL\+ºY»�yRjlk�p 	�hn]�|£«Pb~\np jl]P|�jla�qRr¤jh^jlk�b
b~|§b~|Rk�\L}b~bPwRbn�LqRr¤jh^jlk�b¢b~|°p�]P\�k�jlb���¬

- ��) �À� % �(' )"*!*�,.-

1"Æ?� � Ç��lÇ � Ç��lÆ?� ®�� oL|RjvkL}b-/T]Pk�kn`Y|£k^b"{Ro§¶�·��(bmp�k$]P\�_£`Y|Rj�pR}b~be`�oLk�]PoL\!{Rb"{Rb~oR�§qRjlqTbnr¤jl|Lbmp¢{#� bn��}bmhnoLk�jl]P|�©
� oL|KqRjvqFbnr¤jv|LbK{Rb�a¢oRrlk�jlqRrsj�h~`Ykzjv]�|*/T]Pk�k�`�|£k�b 	 )�¾ ��w
� oL|KqRjvqFbnr¤jv|Fb�{#�æ`P{L{�jlk�jl]P| 	 )Rf ��`YoT´�oLbnr�bmp�k�`Pp�p�]Lh^j }b+oL|§qRjlqTbnr¤jl|LbÀ{Rb¢{�jl«Pj�p jl]P| /T]Pk�kn`Y|£k^b!|L]P|1qRjlqTbnr¤jl|�}bP¬
��b�qRjlqTbnr¤jl|Lb�bn��}bmhnoLk�b"`YoTp�p�j�rlbmp.yL\�`�|Th�iLb~a�b~|Rk�p.pzoL\!hn]P|T{�jlk�jl]P| /T]Pk�k�`�|£k�bP¬

Ops :

Ops :

Addition

dans FA cinq cycles avant que 

Multiplication

la division ne soit terminée

Aucune instruction ne peut être émise

Branchement
Comparaison
Soustraction

(32 x 64 bits)

Registres flottants

EX1

Division flottante

Lecture des registres

FBOX

Pipeline flottant

Pipeline flottant
FM

Mise à jour des registres
FA

Mise à jour des registres

Tests et Emission

IBOX

EX2

FBOX FBOX

EX3 WB

FBOXFBOX

du résultat
Disponibilité

+�, - �F»T¬æ� �  � � 	�� � � 	 ��� 
���� � � � � � � � ���������	���

�$|�\�b~_�jpzk�\�b�{RbKhn]P|Rk�\P¯]YrlbPwFrlb / � 
 � � � � ���  �
 � � � � 
�� � ��
 � & 	 � � � � 	 �nw�`Ph~hnbmp�p jlyRrlbKb~|�a�]L{Rb�oLk�j¤rsj�p�`�k�b~oL\¢bmp�k
{Rbmp�k�jl|�}b¨`Yo6hn]P|Rk�\P¯]Yrlb°{Rbmp�a�]L{RbmpK{#�æ`Y\^\�]P|T{�j�p�b~kK{Rbmp
jl|R±õ]�\�a�`Yk�jl]P|Tp�{#� bn�Thnb~qLk�jl]P|Tp~¬.®�� `Y\�h^iRjvk^bmhnk�oL\�b�¶�·��
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{;}b�T|Rjlk;oL|�yT`Y|Th+{Rb!�P�+\�b~_Yj�p�k^\�bmp�{Rb!º�»�yRjvknp~¬L��b$yT`Y|Th.`"h^jl|T´¢qF]P\�k�p�{Rb�rvbmhnk^oL\�b!b~k�´PoT`�k�\�b�qT]P\^k�p�{#��}bmhn\�jlk�oL\�bP¬
�.oT`Yk�\^b�{Rbmp+qT]�\�k�p+{Rb"rlbmhnk�oL\^b¢±õ]�oL\�|Rj�p�p�b~|Rk+rvbmp+]�q�}b~\�`Y|T{Rbmp+`YoR�§qRjlqTbnr¤jl|Lbmp~¬�®#b�h^jl|T´PoRjutb~a�b�bmp�k�{Rbmp�k�jl|�}b�`YoR�
]Pq�}b~\�`Yk�jl]P|Tp�{Rb;a¢j�p�bmp�t`���]�oL\�{Ro�h~`Ph^iLb�{Rb�{R]P|L|�}b~bmpx¬m¶+b~oR��{Rbmp�qF]P\�k�p�{#��}bmhn\�jlk�oL\^b�p�b~\�«�b~|£k�qF]PoL\�rvbmp�]Pq�}b~\�`Yk�jl]P|Tp
{Rb�rlbmhnk�oL\^b%/T]Pk�kn`Y|£k^bPwYrlbmp!{Rb~oR�¨`�oLk�\�bmp�\�b �hn]�jv«�b~|£k�rlbmp$\L}bmpzoRrvkn`Yk�p�{Rbmp!{Rb~oR�§qRjlqFbnrsjl|Lbmp~¬

*�Æ�� É Ç��lÆ?� � �F�W� �TÇ [�]�oL\eh^iT`PhnoL|�{Rbmp+qRjlqTbnr¤jl|Lbmp�)Rf�b~k')�¾ wRru� oL|Rjlk�}b&/T]Pk�kn`Y|£k^b"qTb~oLk"`�h~hnb~qLk�b~\�oL|Lb²jv|Tp �
k�\�oThnkzjv]�|¨qT`�\"hn��h^rlbPw�t` ru� bn�Th^rvoTp�jv]�| {Rbmp�{�jl«�jp�jv]�|Tp 	 ]Pq�}b~\�`�k�b~oL\!|L]�|¨qRjlqFbnrsjl|�}b���¬�®�`�qRrloLqT`Y\^k�{Rbmp+]Pq�}b~\�`Yk�jl]P|Tp
p�]P|Rk�bn��}bmhnoLkL}b~bmp�b~|�»¢hn��h^rlbmp 	�p j¤��hn��h^rlbmp�}b~k�`ªjlb~|Rk�|�}bmhnbmp�p�`Njv\^bmp�p�oL\�rvb�¶�·��W�¹cmÂPºY» ��`ª«Pbmh�oL|�k�`YoR��{#��}b~a¢j�p�p jl]P|
{#� oL|Lb²a�oRrlk�jlqRr¤j�h~`Yk�jl]P|�b~k�{#� oL|Lb¢`P{L{�jlk�jl]P| 	u]�o§]Pq�}b~\�`Yk�jl]P|Kp jla¢j¤r�`ªjl\�b��.qT`Y\�hn��h^rlbP¬#®�`¢r�`Yk^b~|Thnb�{Rb�r�`�{�jl«Pj�p jl]P|
«N`�\�jlbe{Rb"cª��t`��Lc+hn��h^rlbmp;b~|�p jla�qRrlb�qL\L}bmh^jp�jv]�| 	�cm�+b~|�a�]Y�Pb~|L|Lb���wYb~k�{Rb!�P��t`�º�Â"hn�Lh^rvbmp;b~|�{R]�oLyRrvb+qL\L}bmh^jp�jv]�|
	��Lc+b~|1a�]Y�Pb~|L|Lb���¬

- ��� �À� � 0#46> 8�@!A+A!A

MAD
DIVISION
Rac. carrée

MAD
DIVISION
Rac. carrée

courtes
Opérations

courtes
Opérations

(32 x 64 bits)

Registres flottants

écriture
Tampon données

Tampon données

lecture

Alignement Alignement

R8000

Streaming cache

Streaming cache

Exceptions

+ ,.- �F»T¬æ� � � � � ���	 � 
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r¡� oL|RjvkL}b°b~|£kzj¡tb~\�b¨´�oRj"|Lb
{�j�p�qT]Rp�b�´�oLb"{Rb�{Rb~oR�Kfe® �!p~¬ tf¸|L]Pk^b~\�´�oLb�r�`�)�[ ��b~k�r�`�)�� �6\^b �hn]Yjl«Pb~|£k�rvbmp�jl|Tp�k�\�oThnkzjv]�|Tp.{Rb�rl]£`P{ -Yp�k�]P\�b
/T]Pk�kn`Y|£knp~¬
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®=b�[�]Y¿�b~\n��a�b~k�b~| Ä�oL«R\�b¢r�`Kk�bmh^iL|Rj�´PoLbK{Ro�\�b~|L]�a�a�`Y_Pb�{Rb�\^b~_Yj�p�k�\�bmp²´PoRj�qFb~\�a�b~k�{Rb
\�}bmp�]�oT{R\�b²rvbmp
{;}b~qFb~|T{L`Y|Thnbmp+{Rb�{R]P|L|�}b~bmp.{Rb�k��£qFb"Î°fe�Ìb~k.Î°f�Î�¬

®�` �T_PoL\�b�»T¬ ��j¤r¤rloTp�k�\�b�{Rb²a�`Y|Rj¡tb~\�b"p�jva
qRrvb�ru� jl|£kL}b~\Y¯b~k.{#� oL|1k�bnr�a9}bmh~`�|Rjpza�bP¬

RAW

RAW

WAR

W
A

W

(1) sub R6 R5, R2

(2) add R7 R6, R1

(3) add R6

(4) add R4

R3, R1

R6, R4

RAW

RAW

(1) sub R6 R5, R2

(2) add R7 R6, R1

(3) add

(4) add

R3, R1R6a

R4a R6a, R4

+�, - �F»T¬æ� ��& 	 � 
 �z� � � 	 � 	 � 	 � � � � � 	��
¶�`�|Tp�rvb�h~`Pp�{Rbmp�yT]PoTh^rlbmp~wLhnb+a }bmh~`Y|Rj�p�a
b�«Y`�qFb~\�a�b~k�k�\^b!{Rb.a�`Y|Rjutb~\�b!p jla�qRrlb$rvb+\�bmhn]PoL«R\�b~a�b~|Rk�{Rbmp;]Pq�}b��

\�`Ykzjv]�|Tp�_P\P¯`Phnb�`YoR��\�b~_�jpzk�\�bmp�p�oLqLqRr~}b~a
b~|£k�`Njv\^bmp�p�oTp�hnb~qLk�jlyRrlbe{Rb.p�k^]�h �Pb~\�{Rbmp�\L}bmp�oRrlk�`Yk�p~¬x¼³rTqTb~\^a�b~k�}b~_£`Nrvb~a
b~|£k
{#�æ`Y|Rk�j�h^jlqTb~\�rlb"h^iT`Y\�_Pb~a
b~|£k.{Rbmp;]Pq�}b~\n`Y|T{Rbmp�{#� oL|Lb+jlk�}b~\�`�k�jl]P|�p�oL\;ru�æ`YoLk�\^bP¬�·�|Àhnb"pzb~|Tp~wLhnb!a9}bmh~`Y|Rj�p�a�b+bmp�k"t`
\�`YqLqL\^]�h^iLb~\"{Ro�{�}bmhn]PoLqRr�`Y_Pb�{Rbmp$]Pq�}b~\n`Yk�jl]P|Tp0/T]Pk�k�`Y|Rk�bmp.pzoL\+rvb�¾1¼�[��§�.ÁPÂPÂPÂ¹¬H®�`;)�[ � `Pp^p�]�h^j~}b~b t` r�` �Lrlb
{Rb"h^iT`Y\�_Pb~a�b~|Rk.{Rb"{R]P|L|�}b~bmp�qTb~\�a�b~k+{#�æ`Y|Rk�j�h^jvqFb~\�rlb�h^iT`Y\�_Pb~a
b~|£k.{Rbmp�]Pq�}b~\�`Y|T{Rbmp�{Rb+r�`¢a9}b~a�]Yjl\�b+b~k�k^\�`ªjlk�b
rlbmp.`ªr~}bm`�p�Î°f�Îgp�oL\�rlbmp�\�b~_�jpzk�\�bmp /T]Pk�k�`�|£k�p;´PoT`�|T{
rvb"pzbmhn]P|T{�#�� � � 	 bmpzk�oL|Lb+jl|Tp�k^\�oThnk�jl]P|§{Rb"h^iT`Y\�_Pb~a�b~|Rkm¬
®#b�a9}bmh~`Y|Rj�p�a�b�{Rb�\�b~|L]Pa�a�`Y_Pb�p�oL\+rlbmp²\�b~_Yj�p�k^\�bmp�bmp�k�qRrloTp²_�}b~|�}b~\�`ªr�h~`Y\�j¤r�k^\�`ªjlk�b²rlbmp�`Nr }bm`Pp+Î°f�Î ´�oLbnrsrlb
´�oLb�p�]Yjlk�ru� ]�\�jl_Yjl|Lb�{Ro #�� � � 	 ¬

®=bmp�oL|RjlkL}bmp�{#� bn��}bmhnoLk�jl]P|§{Rb$r` )�[ �6p�]�|£k�j{Rb~|Rk�j�´�oLbmp~¬H· r¤rvbmp$p�]P|Rk�`�oTp�p jHqRrloTp.`�oLk�]P|L]Pa�bmp�´�oLb"hnbnr¤rvbmp+{Rb
ru� oL|RjlkL}b²b~|£kzj¡tb~\�bP¬T·�|§bnÃ�b~kmwRr�` )�� � |�� b~|R«P]Yjlb"oL|Lb�jv|Tpzk�\�oThnk�jl]P|°«Pb~\�p$p�`�{Rb~oR�Rj¡tb~a�b²oL|Rjlk�}b�±õ]P|Thnkzjv]�|L|Lbnrsrlb�´�oLb
p j�{Rb~oR�°jl|Tp�k�\�oThnkzjv]�|Tp"p�]P|Rk�qL\Y¯b~k�bmp�t` ¯b~k�\�b�}b~a¢j�p�bmp²p jla�oRrlk�`�|�}b~a�b~|Rkm¬��PoL\�r�`;)�[ �²w�´PoT`�|T{°oL|Lb¢jl|Tp�k�\�oThnkzjv]�|
bmp�k+qL\Y¯b~k^b t`°¯b~k�\^b§}b~a¢j�p�b"b~k�´Po�� oL|Lb"oL|RjlkL}b¢{#� bn��}bmhnoLk�jl]P|Kbmp�k�{�j�p�qT]�|RjvyRrlbPw�bnrsrlb�bmpzk.b~|£«�]N�;}b~bP¬L®#bmp�{Rb~oR�§oL|RjlkL}bmp
`Y\�jlk�iLa9}b~k�j�´�oLbmp.p�]P|Rk.h~`YqT`YyRrlbmp�{#� bn��}bmhnoLk�b~\�|�� jla�qF]P\�k�b¢´PoLbnr¤rlb¢]Pq�}b~\�`�k�jl]P|�/T]�k�k�`Y|Rk�b�{Rb�\�b~_Yj�p�k�\�bKt`²\�b~_Yj�p�k�\�bP¬

®=bKk�`Ya�qF]P|({#� jl|Tp�k�\�oThnkzjv]�|Tp�`Y\zjvk^iLa }b~k�j�´�oLb§`°oL|Lb¨pzk�\�oThnk�oL\�bKqT`�\�k�j�hnoRr¤j¡tb~\�bPw�h~`Y\¢j¤re{R]Yjlk�`ªr¤jla�b~|Rk�b~\
rvbmp
{Rb~oR�9oL|RjvkL}bmp¢{RbÀh~`NrhnoRr�t`§qT`�\�k�jl\�{#� oL|Lb �Lrlb§hn]Pa
a�oL|LbP¬�f+oTp�p juw�´�oT`Y|T{ oL|LbKoL|RjvkL}b�bmp�k¢]�h~hnoLq�}b~b�qFb~|T{L`Y|£k
qRrloTp jlb~oL\�p¢hn��h^rlbmp~wFrlb�kn`Ya�qT]�|§qTb~oLk�}b~a�b~k^k�\�b"{Rbmp$jl|Tp�k�\�oThnkzjv]�|Tp"p j�r�`K{Rb~oR�£jutb~a
b�oL|Rjlk�}b²bmp�k"{�j�p�qT]P|RjlyRrlb 	�
��	�

 1 
�� � 	 � � 
 � � � 	 � � 
�� ��¬£®�`
p�k�\�oThnk�oL\^be{Rb"hnb+k�`Ya�qF]P|�]YÃ�\�b§}b~_£`ªrlb~a�b~|Rk�oL|§p�oLqLqF]P\�k;r¤jla¢jlk�}b�t`�ru��}b~a jp^p jl]P|§{Rbmp
jl|Tp�k�\�oThnkzjv]�|Tp�{L`Y|Tp;rlb�{�}bmp�]P\n{R\�b 	�{;}b~qT`�p�p�b~a�b~|Rk�qT]£p�p�jvyRrlb�{#� oL|Lb�jl|Tp�k�\�oThnkzjv]�| {;}b~qTb~|T{L`Y|Rk�b¢{#� oL|Lb"]Pq�}b~\�`Yk�jl]P|
b~|¨hn]�oL\�p.{#� bn��}bmhnoLk�jl]P| �n¬

®��æ`Y|T`ªrl�Lp�b.{Rbmp�qTb~\z±õ]P\^a�`Y|Thnbmp�{Ro�[�]Y¿�b~\mc�`�hn]P|T{RoRjlk�rlbmp;hn]P|Thnb~qLk�b~oL\�p+t`+oL|Lb.a¢j�p�b.b~|¢Ä�oL«R\�b.a�`YkL}b~\�jlbnr¤rlb
{Rb�r�`�\n`Ph^jl|Lb�h~`Y\�\L}b~bP¬ª��bnr¤rlb��uh^j�qFb~\�a�b~k�{�}bmp�]P\^a�`ªj�p#{Rb�_£`Y_�|Lb~\Tr�`$a�]Yjlk�j~}b�{Rbmp�hn��h^rlbmp�qT`Y\#\�`YqLqF]P\�k�t`�r¡��}b~a¢oRr�`Yk�jl]P|
rl]P_Yj�h^jlbnr¤rvb+bnÃ�bmhnk�o�}b~b�pzoL\�rlb.[�]Y¿�b~\ªcP¬~®�� jla�qRr }b~a�b~|Rk�`Ykzjv]�|�{Rbmp�|L]PoL«Pbnr¤rlbmp�jl|Tp�k�\�oThnkzjv]�|Tp�{Rb�hn]P|R«Pb~\�p jl]P| /T]Pk�k�`�|£k �
b~|Rk�jlb~\ehn]P|Rk�\�jlyLoLb¢`YoTp�p j�t`�`Ya9}bnr¤jl]P\�b~\�rlbmp$qTb~\�±³]P\�a�`�|Thnbmp � ¬
®�� jl|Tp�k^\�oThnk�jl]P|6{Rb°a�oRrlk�jlqRr¤j�h~`Yk�jl]P| �u`P{L{�jlk�jå]P|�w�`Pp�p�]Lh^j }b~b t`¨r¡� jv|Tpzk�\�oThnk�jl]P|¸{Rb�h^iT`Y\�_Pb~a
b~|£k�{Rb°a�]�k�p�{Rb9cm�PÁ
yRjlk�p~wLqFb~\�a�b~k!{#� ]PyLk�b~|Rjl\e{Rbmp�qTb~\�±³]P\�a�`�|Thnbmp�k�\mtbmp�}bnrlb~«�}b~bmp�pzoL\�rlbmp.|L]Y�£`YoR�§{Rb"h~`ªr�hnoRr�p$jl|£k�b~|Tp�js±up~¬�Í.|KqT]PoL\^\�`
hn]P|Tp�oRrlk�b~\ r`1k�`�yRrvbKqL\L}bmp�b~|RkL}b~b�{L`Y|Tp �lc~» �"t`§kzjvk^\�b�jl|T{�j�h~`Yk�j¤±�¬�®=bKk�`YyRrlbm`Yo9»T¬æ� \L}bmh~`�qRjvk^oRrvb�rlbmp²r�`Yk^b~|Thnbmp�{Rbmp
qL\�jl|Th^jlqT`ªrlbmp�]Pq�}b~\�`Yk�jl]P|Tpx¬
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�Nº ���������	�
�	� � 	�������� �������	���	��

Í.q�}b~\�`Yk�jl]P| [�]N¿�b~\�� [�]Y¿�b~\mc
���Lh^rlbmp 	�cx»�|Tp � ���Lh^rvbmp 	�cmº²|Tp�

)�[¦fe{L{ � �
)�[¥¾ �!® � �
)�[¥¾ �!® �³f�¶�¶ � �
)�[¥¶$jl« cY� �PÂ
)�[¥�.`Ph^jl|Lb�h~`�\�\L}b~b �R� �P�

� � ���¹»T¬æ� � � � � 	 � ��	�� � 	 � 
�� �	 � � � � 
�� ��� 
���� � � � 	 � � � � � 	  �"$#%��&��

tf ru� bn�Thnb~qLk�jl]P|�{Rb;r�`+{�jv«�j�p jl]P|�b~k {Rb;r�`.\n`Ph^jl|Lb!h~`Y\�\L}b~bPw~k�]PoLk^bmpFrlbmp�]Pq�}b~\�`�k�jl]P|Tp�pz]P|£k�qRjvqFbnr¤jv|.}b~bmp�b~k�qFb~oL«Pb~|£k
¯b~k^\�b§}b~a¢j�p�bmp"t`�h^iT`P´�oLb"hn��h^rlbP¬

< � � É43 �ªÆ���� � LÇ��lÆ?� � �TÇ�� ��� ���lÇ���¥� �FÇ���+� � �9� Ç � ���lÇ��� � ÆFÇ~Ç 6�TÇ � ®=bmp"oL|RjlkL}bmp�b~|Rk�j¡tb~\�b
b~k%/T]Pk�kn`Y|£k^b�\�b��
�hn]Yjl«Pb~|RkÀ{Rb~oR�(k��RqTbmp�{#� jl|Tp�k�\�oThnkzjv]�|Tp�{Rb r` qT`Y\�k�{RbKru� ¼�� �W© rvbmp
jl|Tp�k^\�oThnk�jl]P|Tp�´PoRj+rlb~oL\Àp�]�|£k�pzq�}bmh^j �H´PoLbmp
b~k�´�o�� bnr¤rlbmp¢bn��}bmhnoLk�b~\�]�|£k²b~k�{Rbmp�jl|Tp�k�\�oThnk�jl]P|Tp�jv|Rk�b~\�\^oLqLk�jlyRrvbmpx¬���bmp"{Rb~\^|Rj¡tb~\�bmp²\�b~_P\�]�oLqTb~|Rk"rlbmp²]Pq�}b~\�`Yk�jl]P|Tp
{#�æ`Ph~hYtbmp�t`²r�`¢a9}b~a
]Yjl\�b 	 � 
 � �+b~k � ��
�� 	 �;b~k�rlbmp �7� 	 � � ��
 � � � � � � � � � � � ��� � � � 
�� � ´�oRj�qFb~\�a�b~k�k�b~|Rk.{Rb"k�bmpzk�b~\�oL|
b~|Tp�b~a¢yRrlbÀ{RbKhn]P|T{�jlk�jl]P|Tp¢p�]PoTperlbmp�´PoLbnr¤rlbmp¢oL|Lb�bn�¹hnb~qLkzjv]�| p�b~\n`K{�}bmh^rlb~|Th�i�}b~bP¬ �$|LbÀpz�£|Th^iL\�]P|Rj�p�`Ykzjv]�|�bn�£j�p�k^b
b~|Rk�\�b+r�` )�� � b~k.r�`�)�[ ��`YoK|Rjl«Pbm`Yo¨{Rb¢h�iT`�hnoL|Lb�{Rb�hnbmp � "  	u]Pq�}b~\n`Yk�jl]P|
jv|Rk�b~\�\^oLqLk�jlyRrvb��n¬���iT`�´PoLb²oL|RjvkL}b
qTb~oLk�qL\^]P_P\�bmp�pzb~\.jl|T{;}b~qFb~|T{L`Ya�a�b~|Rk���oTp�´Po��åt`�hnb�´�o�� bnr¤rvb
\�b~|Thn]P|Rk�\�b¢oL|Lb¢¼�Í![�¬��Yj�r�`;)�[ �3bmp�k.r�`�qL\�b~a j¡tb~\�b
t` r`�\^b~|Thn]P|£k^\�b~\mwFbnrsrlb�`�k�k�b~|T{R\�`�´PoLb²r�` )�� � bnÃ=bmhnk^oLb"rlb�h~`ªr�hnoRr�{Rb²ru�æ`P{R\�bmp�pzb 	 ]PoKrlb¢k�bmp�k�{Rb²r¡� bn�¹hnb~qLk�jl]P| �
b~k�rloRj p jl_P|T`Nrvb¢´Po�� bnrsrlb²qTb~oLk+\�b~qL\�b~|T{R\�b¢p�]P|�bn��}bmhnoLk�jl]P|�¬#�Yj�rlb"h~`Pp;jl|R«Pb~\�p�b¢p�b�qL\�]L{RoRjlkmwRr�`�)�� �6k�\n`ªjlk�b~\�`¢{�j �
\�bmhnk�b~a
b~|£k;ru� ¼�Í![¥b~k;jl|R±õ]�\�a�b~\�`�r�`�)�[ � ´Po�� bnr¤rlb"qFb~oLk!hn]P|Rk�jl|£oLb~\+p�]P|�bn��}bmhnoLk�jl]P|§p�`Y|Tp;k�b~|Rjl\!hn]Pa
qLk�be{#� oL|Lb
qT]Rp�p jlyRrlb"jl|Rk�b~\�\�oLqLkzjv]�|�¬

vers la FPU.
Indication du port et de
l’alignement

Chargement d’une donnée 

1 0 1

Port

0

d’adresses

Bus 

Bus de données

Bus d’instructions

de l’adresse vers la DCU
Génération et traduction 

Ecriture de la donnée 

Données de

DCU

Port 0 Port 1

FPU

Envoie de l’adresse
à la DCU

Calcul de l’adresse 
dans la FXU

Alignement de
la donnée

Ecriture dans 

dans le registre approprié

FXU

synchronisation

le registre flottant

+�,.- �¹»T¬æº � 
 
 � ��� ��
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�� 	 � � � 	 � � /�� � 	 � � � /  � � � � � 	  �"$#%��& �
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®�` �T_PoL\�bK»T¬ ºK\�b~qL\�b~|T{¥hnb§p�h^i�}b~a�`°{Rb§p��R|Th�iL\^]P|Rj�p�`Yk�jl]P|�p�oL\¢rlbmp¢]Pq�}b~\�`Yk�jl]P|Tp²a9}b~a�]Yjl\�bmp~¬�®#]P\np�{#� oL|Lb
jl|Tp�k�\�oThnkzjv]�|¨{Rb"h^iT`Y\�_Pb~a�b~|Rk�/T]Pk�k�`�|£kmw�rlb"h~`ªr�hnoRr {Rb+ru�æ`P{R\�bmp�pzb�bmp�k.bnÃ�bmhnk�o�}b�{L`Y|Tp�r�`�)�� �¸`Yo�a°¯b~a�b!|Rjl«Pbm`�o
´�oLbKru��}b~kn`Y_PbK{Rb§\�b~|L]Pa
a�`Y_Pb§{L`Y|Tp�r` )�[ �²¬�f+o(hn��h^rlb�p�oRjl«N`�|£kmw�r�`�{R]P|L|�}b~b¨p�b~\�`¨rvoLb°{L`Y|Tp rvb°h~`Ph^iLb¨{Rb
{R]P|L|�}b~bmp~wLqLoRj�p.qRr�`PhF}b~b"{L`Y|Tp;rlb"\^b~_Yj�p�k�\�b¢h^jvyRrlb�{;}b~k^b~\�a¢jl|�}b$rl]P\�p.{Rb�r¡� ]Pq�}b~\�`�k�jl]P|À{Rb²\�b~|L]Pa�a�`Y_PbP¬
®�`�p��R|Th�iL\�]�|Rjp^`Yk�jl]P|°b~|£k^\�b²r` )�� �3b~k.r�`;)�[ ��`�p�p�oL\�b�r¡� jv|RkL}b~_P\�jlkL}b"{Rb²ru�æ`Pp^p�]�h^j�`Ykzjv]�|¨b~|Rk�\�b�rlbmp�{R]P|L|�}b~bmp$b~k
rlbmp�jl|Tp�k^\�oThnk�jl]P|Tp$b~k.qL\L}bmpzb~\�«Pb�{Rbmp�jl|Rk�b~\�\�oLqLk�jl]P|Tp$qL\L}bmh^jpzbmp~¬

- ��� '6� �¢���~������� �

�;bmp�k�\^]Yj�p�a¢j�hn\�]�qL\�]�hnbmp^p�b~oL\�p�a�b~k�k^b~|£k�b~|�Ä�oL«£\�b�{Rbmp�k�bmh^iL|Rj�´PoLbmp1{�j¤Ãe}b~\�b~|Rk�bmp¢qT]�oL\KqTb~\�a�b~k^k�\�b�{Rbmp
qTb~\z±õ]P\^a�`Y|Thnbmp /T]Pk�k�`Y|Rk�bmp$}bnrlb~«�}b~bmp�pzoL\�rlbmp�`YqLqRr¤jh~`�k�jl]P|Tp~¬P®#b�¶�·��¨�Lc�cmºY».`ª«Pbmh�p�`�iT`YoLk�b�±³\�}bm´�oLb~|Thnb�{#� iL]�\�rl]P_Pb
qL\�jl«�jsr~}b~_Yjlb"rlb²k�`YoR�§{#��}b~a¢j�p�p�jv]�|§{Rbmp;jl|Tp�k�\�oThnk�jl]P|Tpx¬
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secteur

ASID : identificateur de processus

1023

0 ASID Adresse virtuelle RV

8 34 1 2

0
1

Tableau d’étiquettes

510
511

1

1022

16 octets (128 bits)

R : bits de région

V : bit de validité

4 octets4 octets 4 octets4 octets

¥m¦X§ ���/l�~¡k � ¯-°@±; � � « oK� � ® � ° �A« ³�o � ��� � � !�' &)( *�*�*

p4p9qsrut�v�v�w



}G� 	 o � ® ¬ ' ���oH5° ��� ¯�oOo,� ¬ d  `

(�0m2@D-2Cc/0^9�) 6LFHI14C?COH254b6\*`FHIu03I14&D-9;?C03ICI;T0£r`6L?C4CO/05W8WL0@B=0@F;43l-S_0m2Cc/*G68i�<>0@?CB=0@4£9�)+O/4b6jW86XI10@?m9`6L?C03254C0@B�0@Fn4�Wo)�D-9;?C03ICIb0r-0@FHDGF;4�9;O </?C*-�-?�D�B=B=0�0@4KI�6LB=<;W868¤H0!W\0!B�T032@DGF;6XI1B=0=9;0E</?/T039`6X25416L*-F 9;0=,/?5DGFH2Cc/0@B�0@Fn4YBK6XI'0@F ¢'O/rn?C0!I1O/?WL0=�wQ1z^RqPs}-�-�-��lM(�DE25*-c^T0@?C0@FH250#9;03I:6LFHI14C?COH254b6\*`FHI'9;*G6L4=�0@4C?C0�D-ICIbO/?MT0@0�<HDG?yW\*`�G6X2N6\05Wol$Sm0@<H0@FH9/DGF;43a>0@F�2@D-I�9;02NcHDGF/�-0@B=0@F;4m9;0d25*-F;4C05i/4C0-aV68W Fu)+03I14�<HD`I&FtT032503ICICD�6\?N0d9;0sr`6�9;0@?$WL0d2@D-2Nc/0d9/DGFHI&WXD�B=03IbO/?C0s*-O=O/F¡6�9;0@F;4168¤ 2@DG4C0@O/?9;0�</?N*M2503ICIbOHIs03I14'D-ICIb*M2N6@T0EgD�2CcHD-f`O/0 T0@416Xf-O/0@4N4C0-l�SmcHD-f`O/0�0@F;4C?/T0@0�9;O�2@D-2Nc/0#9�)1T0@416Xf`O/0@4C4C03I^03I14�25*-FHI1416L4CO^T0@0#9;0�G��,;6L4�I=9�)�D`9;?C03ICI10!r-6L?C4NO/05WjWL0-a^9;0w}�,;6L4�IK9�) 6X9;0@Fn4b6j¤ 2@D�4C0@O/?p9�) 03I1<HD-250w9�)�D-9;?N03ICI10��o�YR-Qh�Y��a&9;0w9;0@O;i ,;6L4�I=9;0?/T0@�G6L*-FHIy�or-*G6L?d2NcHDG<;6L4C?C0K�/l��/l�~M�£0@4d9�)+O/F�,;6L4d9;0�rGDVW86�9`6L4/T0-l
*+�-,.��,0/1�-2?� 2?= 7 7 �� � 9

(�0:2@D`2Cc/0^9;0:9;*`F/FtT0@03I&9;O¡��Q1z^RePy}-�-�-�yFu)+03I14�D-2@2>T039_T0mf-Ou)¨gDs4C?5D3r`0@?�I>WL03I�WL*nD-9&%�I14N*-?C0m0@F;416L0@?�I@lG(�03I�9;*-F/F^T0@03I
'H*-4C45DGFn4N03ItIb*-Fn4sD-2@2>T039mT0@03I�gDY<HDG?N416L?d9;O�2@D-2Nc/0�05i/4C0@?CF/0-l(�0E2@D`2Cc/0=9;0E9;*-F/F^T0@03I'DqDGOHICI�6mO/F/0!2@DG<HD-2N6L4/T0=9;0q|3�,+�*q0@4Y03I14EgDq25*-?C?C03Ib<H*-FH9/DGFH250!9`6\?N03254C0-lu(uDq45DV68WjWL0q9;03II103254C0@O/?5I&03I14m9;0s�-~�*M254N0@4�I@aG2505WjWL0'9;03I�W86\�`F/03Im9;0'|3��*/254C0@4�I@lG��0^<;W\OHI�aGO/F=,;6L4m9;0sr�DVW86X9`6L4/T0y03I14 D`ICI1*/2N6�T0�gD'2CcHD-f`O/0B=*-4s9;0Kf-OHDG4N?C0'*M254N0@4�I��h25*-F;7GT0@?N0s¤H�-O/?N0��/l��;��l;Q W I1O/</<H*`?C4C0#9;0@O;i�D`2@2�g03I_<HDG?d25[/2NWL0E�1I1*G6L4s9;0@O;iqW\03254NO/?C03I@a�I1*G6L4O/F/0KWL03254CO/?C0�0@4�O/F/0�T0325?16L4CO/?C0G��l>QAWmB=0@4Y0@F�¢'O/rn?C0�O/F/0=<H*GW86L416Xf`O/0w9�)hT0325?16L4CO/?N0¡Ih6\BKO;WL4�DGF^T0@0!� � ® «]�  \.� ±n®1³ � � ± ��lSm0�2@D-2Nc/0'03I14sr`6L?C4CO/05W8WL0@B=0@F;4�6\FH9;05i^T0Y0@4s</c;[MI�6Xf`O/0@B=0@F;4 � ¯ � ��¬ lM(�DYWL03254CO/?C0#9;O�2@D-2Nc/0'0@4d9;03IqT0@416Xf-O/0@4N4C03I_03I140��u03254CO^T0@0'0@Fq<HD�?�DVW8W g05WL0#DVr-032yWXDK4C?5D-9;OH25416L*-F�9;0�Wo)�D`9;?C03ICI10Yr-6L?C4CO/05W8WL0K0@F�D-9;?N03ICI10'</c;[MI�6Xf`O/0-l

Secteur 511

Bit de validité

Secteur 1

ligne 1 ligne 2

Etiquette
Donnée (4 octets)

(28 bits)
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Données du Streaming Cache

Load Data Load Data

Store Data Queue

Unité flottante

 

BYPASS_

FOE_

Store Data
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Store Data
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Vers la mémoire

principale

Contrôleur de cache
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PBO

T K S SID
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Table des pages

SID : identificateur de segments

Numéro de page réel (RPN) PBO Adresse physique

4

Adresse virtuelle = 24 bits SID + bits 4 - 31 de l’adresse effective

Fonction de hachage
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Table des 

pp : bits de protection de la page
c : bit de changement
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AVPI : index de page virtuelle abrégé
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externe

Données
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Données
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commandes Données

Interface
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Etiquettes
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dupliquées dupliquées
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WH

SHW WM

RME
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SHWSHR

SHR

RH

SHR

RH

WH

RH

RH : Read Hit
RMS : Read Miss, Shared
RME : Read Miss, Exclusive
WH : Write Hit
WM : Write Miss
SHR : Snoop Hit on a Read
SHW : Snoop Hit on a Write or

Read with intent to modify

Caption :

: Bus snooping transactions

: processor transactions

SharedInvalid

¥$¦¨§ � �nl�~Yk !^®h³ � ³3°5³ ` � � ' � �¯ « o d ¯ `8«�� ¯ �A« ³ o,� � ® ¬3°3® «]��� ®1

-/.fp�-�0



�������  � ��
	'®1°@± «�� 5° ��� ®1�� � ��� « °V®h³�� ®1³3°5����� � ®��
� �
���������������� �"!
#%$ ��&
�  � � � !�' &)(�*�*�* |3� �

(�0d</?C*`4C*M25*�W\0�9;0�25*`ctT0@?C0@FH250'9;0�2@D-2Nc/03Im0@B�<;W\*G[mT0�<HDG?_WL0��wQ1z^REPs}`�-�-�'03Ib4mWL0'</?C*`4C*M25*�W\0EgDJ6LF;r�DVW86X9/DG416L*-F0@F T0325?16L4CO/?C0_F/*-B=B�T0 � � ' ��9�)�DG</?3g03I/WL03I�f`OHDG4C?C0KT0@4�DG4�I><>*nICI�6L,;WL03Im9�)+O/F/0$W86\�`F/0:9;0^2@D-2Nc/0m� ��³ �-« "  �c�K� ��° ` � � «]d  �
'H±;¯-®1 �c�f� o d ¯ `8«]�-l/Sm0'</?N*-4C*/25*GWL0d03I14�D-254CO/05W8WL0@B=0@Fn4:W\0Y<;WLOHI^O/4168W86�I;T0#9/D�FHIt9;03IyI1[MIb4�g0@B=03I 6LFH2NW\OHD�Fn4'9;03Is2@D-2Nc/03IgD!?C0325*-<;6L0=?N0@4�DG?�9_T0@0#0@F�B�T0@B=*G6L?C0-lu(�*`?�f-Ou) O/F/0¡9;*`F/FtT0@0=03I14'B�*M9`68¤sT0@0K<HDG?'O/FZ</?C*M2503INI10@O/?3au4N*-OHIyWL03I�2@D-2Nc/03I<H*;ICI;T039/D�Fn4=O/F/0 25*-<;6L0 9;0�250@4N4C0 9;*-F/FtT0@0 6\F;r�D�Wj6X9;0@F;4qWXD Wj6L�-F/0 f-O;6�WXD 25*-F;416L0@F;43lt(�D�¤H�-O/?N0 �;l�~ 9_T0325?b6\4q250</?C*-4N*M25*GWL0-l
� >A@?>�@ )6T,)WVJMg JMN�HKJjQ�J HKGIH�)UJ k T ��g ECJ�����) @?B4B�� '

(�0��'�^S ~/|-|V�G� �Hg0@?C0!WXD 25*-c^T0@?C0@FH250�9;03I!F;6Lr-03D�O;i 9;0�2@D`2Cc/03I�6LF;4C0@?CF/03I@a_BEDV6XI¡W�D�25*`ctT0@?C0@FH250�D3r`032!WXDB�T0@B=*G6L?C0�</?16LFH2N6\<HD�W\0!9;O�I1[/I143g0@B=0d03Ib4^7x*`O/?CF;6L0�<HDG?^WXDYWL*-��6�f`O/0#9�) 6\F;4C0@?17oD-250-l
Y (�)+O/F;6L4/T0 9�) 6LF;4C0@?17oD-250 9;Oª,/OHI!0@4w9;0 25*`Fn4C?`�*GWL0 9;O�2@D-2Nc/0��AWXDl� � ³ � �K03I14w2NcHDG?C��T0@0�9;0�BEDV6LF;4C0@F;6L?qWXD</?C*-</?16@T0@4/T0d9�) 6LFH2NWLOHI�6L*-F 0@F;4C?C0�WL0K2@D-2Cc/0�9;0K9;*-F/F^T0@03I:0@4^WL0#2@D-2Nc/0�I10325*-FH9/DV6L?C0-l
Y RG6/W\0�2@D-2Cc/0y05iM4C0@?NF/0s*-</416L*-F/F/05W�03I14m</?/T03I10@F;43a�D�W\*`?�I�WXDKSm,>*3iK7A*-O/?CF;6L4mDGOHICIh6/W�DeWL*-�G6Xf-O/0�F^T032503INICDV6L?C0s<>*-O/?BEDV6LFn4N0@F;6\?yWL0#2@D-2Nc/0�I10325*-FH9/D�6\?N0#25*-B=B�0'O/F�I1*-OHIbkA0@FHI10@BK,;W\0K9;0#250�2@D-2Nc/0�05i/4C0@?CF/0-l
Y z�DG?p25*`Fn4C?N0wWo) 6LF;4C0@?17oD-250 DVr-032pW\0Z?C03I14C0 9;O I1[/I143g0@B=0�9;*�6\4 7x*`O/?CF;6L?wDGO�~/|-|3�G�ZWL03IqB�T032@DGF;6XI1B=03Iqf`O;6<H0@?CB=0@4N4C?C*-F;4d9;0�B!DV6LFn4C0@F;6L?�WL0=2@D-2Nc/0�05i/4C0@?CF/0=�1I�6u68Wm03I14s</?/T03I10@F;4@�m*-O W\0=2@D-2Nc/0#Ib0325*-FH9/DV6L?C0=25*-c^T0@?N0@Fn4D3r`032^WXD�B�T0@B=*�6\?N0d</?16LFH2N6L<HDVWL0=0@4^WL03I�DGO/4C?C03Iy2@D-2Cc/03Iy9/DGFHI_WL0#I1[/I143g0@B=0-l
Y (�0E2@D-2Nc/0p9�) 6\FHIb4C?COH25416L*-FHIJFu)+03I14�<HD`I'�nDG?59mT0=25*-c^T0@?N0@Fn4�DVr-032JWL0E?N03I14C0E9;O Ib[MI143g0@B=0-lu(uD�25*-c^T0@?N0@FH250EDGOI1056LF 9;O 2@D-2Nc/0=9�) 6LFHI14C?COH254b6\*`FHI�03I14'O/F�</?C*-,;W g0@B=0Kf-O;6t9;*�6\4��0@4N?C0�?/T03I1*GWLO�9;0KBED�F;6 g0@?C0'WL*-��6�2N6L05W8WL0-lmz&*-O/?B=0@4C4C?C0�gD:.h*-O/?&WL0 'H*-4t9�) 6\FHIb4C?COH25416L*-FHI_<HDG?C45DG��T0_<HDG?&Wo)+0@FHI10@BK,;WL0�9;03I�</?C*/2503ICI10@O/?5I@a-O/F!</?C*/2503ICI10@O/?=T0325?16L49/DGFHI&WL0 'H*-4m9�) 6LFHI14C?COH254b6\*`FHI@a;0���03254NO/0sO/F/0^6LFHI14C?COH254b6\*`Fpz>�'(u25*M9;0%� �  �A�n\ � � ®1�¯-²[��3²K³-® a  ¯`®�® « V® �0@4s0@Fnr`*G6L0�O/F�Ih6\�`FHDVW 9�) 6LF;4C0@?C?CO/</416L*-F�r-0@?5I_WL03IdDGO/4N?C03I^</?C*/2503ICI10@O/?�I�l g��WXD=?/T03250@</416L*-Fw9;0#250KI�6L�-FHDVWoa�W\03I</?C*M2503INI10@O/?�I^0��u03254CO/0@F;4s0@O;i�DGOHICIh6£O/F/0�6LFHI14C?COH25416L*-Fj� �  �h250@4N4C0�6LFHI14C?COH25416L*-F��nDG?�D�Fn416L4sf`O/0'WL0#2@D-2Nc/09�) 6LFHI14C?COH25416L*-FHI_03I14^25*-c^T0@?N0@Fn4mDVr-032_WL0'25*-F;4C0@FnOq9;0^WXDYB�T0@B�*G6L?C0s</?16LFH2N6L<HDVWL0G�m<H*`O/?:2NcHDG?C�`0@?�WL0dF/*`O/r-03DGO
'H*-4s9�) 6LFHI14C?COH25416L*-FHI�9/DGFHI:WL0#2@D-2Nc/0-l

(�D�¤H�-O/?N0 �;l���68W8W\OHIb4C?C0�WXD�25*-c^T0@?C0@FH250 DGO�I1056LF�9;0�WXD c;6�T0@?�DG?�2Nc;6L0�B�T0@B=*�6\?N0�gDZ4C?�DVr-0@?�IYWL0�B�T032@DGF;6XI1B=09�) 6LFH2NWLOHI�6L*-F 9;0�I103Iy9`6\r`0@?�IsF;6Lr-03D�O;i�l

Système

Cache de 
données

Cache secondaire

Cache externe
(optionnel)

Cache 

d’instructions

Mémoire principale

¥m¦¨§ � �nl ��k � ³G± ¬V®1 oH°5�¯ � �@ « o �  ` ¯=± «/¬V®h¯`®h°�± « =² ¬3²K³ « ®h

p4p9qsrut�v�v�w



|-|3� 	 o � ® ¬ ' ���oH5° ��� ¯�oOo,� ¬ d  `

(�0#�'�^S�~/|-|V�G�K6LFH2NWLO/4�9;03I�B�T032@DGF;6XI1B�03IsBED�4MT0@?16L05WXI�f-O;6£<>0@?CB=0@4C4N0@Fn4'9;0=I1O/</<H*-?N4C0@?e9`6Lr-0@?5I�</?C*-4C*/25*GWL03I9;0'25*-ctT0@?C0@FH250'9;0�2@D-2Nc/0-l>Sm03I_</?C*-4C*/25*GWL03I$6\B�<H*nI10@F;4s9;03Is25*-F;4C?�DV6LF;4C03I�<;WLOHI^*`OEB=*�6\FHI$7A*-?C4C03I_I1O/?_WL0�I1[MIb4�g0@B=00@4dI10'?/T0@<HDG?C4b6�INI10@Fn4s25*-B�B#O/F^T0@B=0@F;4t0@F�9;0@O;i�2NWXD-ICI103I��

Y </?C*-4C*/25*GWL0s9;0d25*-c^T0@?N0@FH250d9;0d2@D-2Nc/0d9�) 6LF;r�DVW86X9/DG416L*-FwI1O/?KT0325?16L4CO/?C0s9;0s41[;<H0d���^R-Q_�or-*�6\?m��Q1z^R#Ps}`�-�-�;�/]

Y </?C*-4C*/25*GWL0e9;0�25*`ctT0@?C0@FH250'9;0e2@D`2Cc/0'<HDG?!T0@r-6X25416L*-Fq9;Oq,;WL*M2Y� � ` � ��±F!t®1³ � ³3°5³ ` �£03INI10@Fn4b6\05W8WL0@B=0@F;4e9;03Ib416LFtT0DGO;i 25*`F;¤H�-O/?�DG416L*-FHIYgDKB=*G6LFH9;?C0K25*£�O/43l

S_03I'9;0@O;i </?N*-4C*/25*GWL03I�<H0@O/r-0@F;4q�0@4C?C0�<;WLOHIJ*-O�B=*G6LFHI'<>0@?17x*`?CBEDGF;4�I�I105WL*-F�WXDw25*-F;¤H�`O/?�DG416L*-F�BEDG4/T0@?16L05W8WL0BK6XI10�0@F=¢'O/r;?C0d<HD�?�WL0e25*`FH250@</4C0@O/?s9;OpI1[/I143g0@B=0-l`Sm0@4C4C0d25*`F;¤H�-O/?�DG416L*-Fq9;*G6L4t25*`B=</?C0@FH9;?C0�O/FE25*-F;4C?-�*GWL0@O/?s9;02@D-2Nc/0-a3O/F/0^25*-<;6L0t9;03I&P^�'� 9�)1T0@4b6�f`O/0@4C4C03I 6\F;4C0@?CF/03I�a30@4uO/F/0_6LF;4C0@?17oD-250tDVr-032�WL0m?N03I14C0t9;OKI1[/I143g0@B�0-l�($)+0@FHI10@BK,;WL09;0#2503IyB�T032@DGF;6XI1B=03I�I1*-O;WXDG�-0JW\0Y</?C*/2503ICI10@O/?'9;0'WXDqI1O/?Cr-0568W8WXDGFH250=9;03Is4N?�DGFHICD-254b6\*`FHIdf`O;6 I10K9mT0@?C*-O;WL0@F;4dI1O/?yWL0,/OHI�25*-B=BKO/Ful
(�0q</?C*-4C*/25*GWL0w9;0w25*-c^T0@?N0@FH250w9;0w2@D-2Cc/0q<HD�? T0@r-6X25416L*-F 9;O�,;WL*/2��o*`O � `b� �5± !t®1³ � ³V°�³ `���F/0q<H0@?CB=0@4�<HD-IWL0=<HDG?C45DG�-0#9;03IY9;*-F/F^T0@03I�lHQ Wt25*-B=</?C0@FH9�<HD�?�25*-FHI;T03f`O/0@F;4dB=*�6\FHIY9�)1T0@45DG4�Isf`O/0KWL0K</?C*-4C*/25*GWL0E9�) 6LF;r�DVW86X9/DG416L*-FI1O/?wT0325?16L4CO/?N0�I�6LBK68W�D�6\?N0�gD=2505WLO;6�68WjWLOHI14N?MT0Y<H*-O/?yWL0¡��Q1z^RpPy}-�-�-�!� ¤H�-O/?C0 �nl�~M��l>Sm0�</?C*`4C*M25*�W\0YF/0�<>0@?CB=0@4�<HD-I9�)�DVr-*G6L?K<;WLOHI=9�)+O/F�</?C*`</?16�T0@4�DV6L?C0q9�)+O/F/0qB��0@B=0�Wj6L�-F/0-l_(uD�¤H�-O/?C0 �;l+�w?C0@</?N0@FH9ZW\03I!9`6Lr-0@?�I T0@4�DG4�I�<>*nICI�6L,;WL03I9�)+O/F/0JWj6L�-F/0K9;0#2@D-2Nc/0�9;0#250Y</?C*-4C*/25*GWL0-l

WM : Write Miss
SHR : Snoop Hit on a Read
SHW : Snoop Hit on a Write or

Read with intent to modify

: Bus snooping transactions

: processor transactions

WH : Write Hit

Exclusive

Invalide

WM

Dirty
Exclusive

SHW SHW

WH

RM

SHR

RH

SHR

RH

RH : Read Hit
Caption :

RM : Read Miss
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CTL
0

CTL
1 2

CTL
u
K SEL1 SEL2K

p
K
k

CTR2<13:0>

SEL 0

63 48 47 32

CTR1 <15:0>CTR0 <15:0>

Légende :
CTR0 : compteur 16 bits d’évènements sélectionnés par SEL0 

et validé par CTL0
CTR1 : compteur 16 bits
CTR2 : compteur 14 bits
CTL0 : contrôle du compteur 0
CTL1 : contrôle du compteur 1
CTL2 : contrôle du compteur 2
SEL0 : sélection compteur 0

SEL2 : sélection compteur 2
SEL1 : sélection compteur 1

Ku, Kp, Kk : sélection du mode dans lequel vont fonctionner
les compteurs.
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Moniteur unité entière
(5 compteurs)

(5 compteurs)
Moniteur unité flottante

Moniteur SCU
(5 compteurs)

Compteur

Compteur erreur logicielle

Compteur

Compteur

Compteur

Compteur

4

4

4

contrôlables
16 points 

16 points 

contrôlables
16 points 

contrôlables
16 points 

contrôlables
16 points 

contrôlables

Unité entière

Unité flottante

Unité cache

Compteur Cycle

Moniteur ICU

Décodage

horloge CPU

5

5

CTRLE

(FXU, FPU, ICU, SCU)
4 bits pour chacune des unités

ICU

SCU
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37

128 128

adresses / contrôle

DRAM

mémoire principale

Routage des données
(4 composants)

Contrôle, E/S, adresses

Données 64Contrôle

Chipset
DECchip 21171
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8191

0
1

2047

2047

2047

0

Ensemble 3

Secteur 0

Ligne 0 Ligne 0

7

0

7

0

7

0

7

0

Ligne 3 Ligne 3

Ligne 2 Ligne 2

Ligne 1Ligne 1

Secteur 00

2047

Ensemble 0

2047

0

bits virtuels 

2 2

étiquettes d’adresse

1
0

Secteur 0

2047

0

Ensemble 3

Secteur 0

Ensemble 1

1023

20 2

Ensemble 0

3232

32

128 octets x 4 lignes = 512 octets / secteur

1 Mo x 4 ensembles = 4 Mo

16 mots de 64 bits = 128 octets / ligne

512 octets x 2048 secteurs = 1 Mo / ensemble

64 bits 64 bits

impair

Ensemble 2

st0 st1 st2 st3
synonymes

4

4095

32 32 32

Ensemble 1

32

2

0
1
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Cache de validité

1 bit de validité par ligne du secteur

323232 32

32 323232

Ensemble 3Ensemble 1 Ensemble 2Ensemble 0

4 4

4 4

4 4

44

¥m¦¨§
���KlL|�k

#s® �¯�o «�@¯ �A«³o
���

� �®15¯-² «o �°5¯-°@±n
�°�³o "

��®1¯ �A«³�o
� �

��³�
p4p9

qsrut�v�v�w



|3�G�

� � � � � � � ��� � � � �

�L| � z�DG4N?16X250w(uDG<H*`?C4C0-a&�dFH9;?/T0�R-0@�@F/032Gl � oH ¬ ����� w°5³-² �M¯-®1¯ �A«]d  � ��q² « °V®h³�� ®1³3°5����� � ®�� � � !�' &���* *�* �
' � �"'M! 	 &� � ��& ' � # ���� �%�n � !u# $ �U& �u	'®1°@± «]� 5° ��� ®h �w � !^3® ^ ³`®�²K¯�o>°� � l PyDG</<H*-?N4�9;0?C032Nc/032Nc/0-aHQ1P^QCR-�Ka �YT0@rn?b6\0@?Y| � �-~/l

��~.� ��FH9;?/T0 R-0@�@F/032Ga'�dF/F/0@ko��DG?b6\0 +�0@?CBED�?C?C032Z0@4 �^c;6L0@?C?C[ �mDGO;W�T0@*-Ful"�������  °�³-² �/¯-® ¬5 � �� ¯`®h°�± «]� �° \
��� ®1�� � ��w² « °V®1³�� ®1³3°5����� � ®��,� � !�' &8�M*�*�* � � �
� ���������  � � 
 � 
 ' � ! �U& 'M! 	 &�ml�PsDG</<>*-?C4w9;0?C032Nc/0@?�2Nc/0E|3}`�-�/a;QhP^QNR-�#a �-DGF;r`6\0@?K| � �`�/l

���.� ��FH9;?/T0yR-0@�@F/032Ga �^c;6L0@?C?C[ �mDGO;WL0@*-FulO������� d°5³-² �M¯`®h¯ �A«�d  � ��s¯-®1°�± «�� 5° ��� ®1�� � ��^² « °3®1³���®h³V°� ���@ � ®�� � o �  `
!^ o �A«]� ²  � !t³ � 3®�! �[� *��GlmPyDG</<H*-?N4e9;0'?C032Nc/0@?�2Nc/0#}-�`�/a;QhP^QNR-�#a`.hO;6LF�| � ���Hl

�+� � �G*`c/F (�lu�y0@F/F/03I1[�DGFH9��'DVr`6�9��Kluz�DG4C4C0@?5I1*-Ful � ³-² � ��� V®	'®1°@± «]� �° ��� ®1 	 � � ¯�o �A«]� ¯ �A«]d %	8� � ®1³3¯-°�± l��*-?C�;DGF +'D�O;7xBED�F/Fua£| � �-�/l
���.� �/l �/l���*-F/�nDG?C?5D/a �/l���O�Sm?C*-�-a$RHl£��DGB=BED�?1W86\F/� DGFH9ZQ�l���O �ml 	 �� � ³ ^6`  d  ` �&� ¯c� « ° `8« oH5¯-®K¯ ` �  � ®1¯

� � � � ®1³ � ®h¯`² � l��'S^� ��?�DGFHICD-254b6\*`FHI^*-Fw��DG4Cc/0@BED�416X2@DVWmR-*G7A41 :D�?C0-a ��*GWolu|V�;� <y*Hl�|G���+</<ul�| Y | �na�| � �-�/l
���.� 	 ` �H±;¯ 	'®1°@± «]� �° ��� ®1 © ¯�o � � ³V³  \ !t®1 `j« ² « o>¯-® a�ls�y6L�G6L4�D�W �mf`O;6L</B=0@Fn4KS_*-?C<H*`?�DG416L*-FuaH��DV[;FHDG?�9�aH��D-I1kICD`2Cc;OHI10@4C4�I�l
� �<� (>6LF;WL0@[ �� t0@F/FHD�<ulM�� ��®1 � ¯ « oK�I�MV® ^ ³-®5²K¯�oH°5 ` 5¯ � ��«]� ± !u# $ �U&
�-lH� 6X25?C*-</?N*M2503ICIb*-? P:0@<H*-?C4Va��-��|3�;�5a

Z 254C*`,/?C0E| � �-�/l
��}.� (>6LF;WL0@[#�� ^0@F/FHDG<pD�FH9=�yW86�IND!Rn2Cc/0@?N0@?3l � � ²#¯ o ��^ ¯-° ��� ® « o � � ® «]d  � � ! � �/3® ^ ³`®�²K¯�o>°� lu�q6X25?C*`</?C*M2503IbkI1*`?dP^0@<H*`?C43aHI10@</4N0@B#,/?N0=| � �-�/l
� �.� (>6LF;WL0@[ �d ^0@F/FHDG<ulU� � �A« ²#¯ �A« o � � � ²K¯�o ��^ ¯`° ��� ® « o � °5³c� � � l�� 6X25?C*-</?C*/2503ICI1*`?dP^0@<H*`?C43aHDG*&�O/4�| � �-��l
�L|3� �e(>6LF;WL0@[ �d ^0@F/FHDG<ul !^¯-°� G¯ �-« o �Y« o � �  oH°5��m² « °V®1³�� ®1³3°5�����³`®t°5³c� �AlH� 6X25?C*-</?C*/2503ICI1*-?mP:0@<H*-?C4Va-I10@</4C0@BK,/?C0| � �-�/l
�L|-|;�e(>6LF;WL0@[#�� ^0@F/FHDG<ul 	 ` � V®�o>¯ �A«�d 8�/¯-°� G¯ �  �eV²#V® �  ^ ³-®U� ®1³V°� ���@³-®�� lu� 6X25?C*-</?C*/2503ICI1*`?dP^0@<H*`?C43a;*M254N*-,/?C0| � �-�/l
�L|3~ �)<�DG4CcHDVW86L0 ��?�D-2Ncul #f� �A« ² « �@¯ �A« ³�o ��� ! « �M `8« oHW� � ® ` ��W!t®1³3°5����� � ®��W��³�o>³3°5³-² �M³c�@¯�o � � l �^cug03I10w9;0Wo)�{yF;6Lr-0@?�I�6L4/T0#9;0#P:0@F/F/03I�|-a�| � �G�Hl
�L|3� � 	 ` �H±;¯ ��������� � « °V®1³�� ®1³3°5�����³`® © ¯-® ��� ¯-®1 &  ^ 3®1 o>°�W��¯�o � ¯ `8l��y6L�G6L4�D�WJ�_f-O;6L</B=0@F;4wS_*-?C<H*`?�DG416L*-Fua</?C05W86LBK6LFHDG?C[�039`6L416L*-FuauI10@</4C0@BK,H0@?Y| � �G�Hl



�������  � ��
	'®1°@± «�� 5° ��� ®1�� � ��� « °V®h³�� ®1³3°5����� � ®��
� �
���������������� �"!
#%$ ��&
�  � � � !�' &)(�*�*�* |3�-�

�L|@�0�e(�l ��l&R-c;6\0@cua&�sl�(�lu��DGF/F/*-Fua �^l z&l Z )8Sm*`F/F/05W l !
#%$ ��&
� �M3® ^ ³-®�²K¯�o>°��³�o  o �-« oH53® « o � � �@° «  o �A« " °¯�� � `8« °5¯ �A« ³�oK� lqz&*� ^0@?�z:S DGFH9 z&*� ^0@?�~ ��032Nc/F;6�2@D�W:�'I1<>03254�IY*G7s4Cc/06<y0@  Q �^� P^QCR/S R-[/I14C0@B %��-�-�-��a| � �G�Hl
�L|3� �)<y*-?CBED�F z£l �G*-O/</<;6ol�� ² � ®1³ dV« o � �-« ®1�° �]\ ²K¯����/ � °�¯`°@±nF�MV® ^ ³-®5²K¯�oH°5 � a � ±n�¯ ���-«]�A« ³�oª³ ^ ¯ �@²#¯ `�`

^���`]` a \ ¯c����³V° « ¯ �A«]d K°�¯`°@±nY¯�o � � ®1 ^  � °�± � ��� V®n� l�z�?C*/250@039`6LF/�nI^*G7�4Cc/0K| �34Cc!QoF;41Wol�R-[;B=<ul/*-F�Sm*-B�</O/4C0@?��?�2Nc;6\4N03254CO/?C0-a><HDG�-03Is�-��� Y ������aH| � �`�/l
�L|3� � !^³ � 3®�! � ¯�o � !
#%$ ��&
�c� � �°�±�o « °�¯ ` 	 � �M5° � �#³ ^ � ±; �e ���n � & � ' � ' a � � 3² �?� *�* *Gl�Q �^� a>¤H?5I14039`6L416L*-F�039`6L416L*-Fua&| � �G�Hl
�L| ���e(>6LF;WL0@[ �d ^0@F/FHDG<ul � « �-«]� ¯ `4` �¯ � � � ±n �M¯-°! ��«�� ± ��� �����/l^� 6�25?N*-</?C*/2503ICI1*-?dP:0@<H*-?C4Vau|3~;�h}M��a/I10@</4C0@BK,/?C0| � �G�Hl
�L|3} �e(>6LF;WL0@[ �� t0@F/FHD�<ul � � ! � �� « � oH �� ®13²K o � ³ � � �:³V¯ �A« o � �M³ « o �Al;�q6X25?C*`</?C*M2503INI1*-?mP^0@<>*-?C43a �-��|-|���a@��*£�O/4| � �-�/l
�L| � �e��Qhz:R ��032Cc/F/*GWL*-��6\03I�l�� � !l� « °3®1³�� ®1³3°5����@³-® � ± « �j'  �]� !t®1 `8« ² « o>¯-® a !t®1³ ��� ° � � o ^ ³-®�²K¯ �A« ³�o l ��032Nc/kF;6X2@DVWmP^0@<H*`?C43aH��Qhz:R ��032Cc/F/*�W\*`�G6L03I@aHQ�FH25*-?C<>*-?�DG4C039�a Z 254C*-,H0@?Y| � �-�/l
��~-� �ez&0@4C0@? �mDGF/k �u0 �w��I1Oul �'�� « � ow³ ^ � ±n &)(�* *�* ² « °3®1³�� ®1³3°5����@³-® l���Qhz:R �u032Nc/F/*GWL*-�G6L03I@a>QoFH2Gl�au| � �G�>l
��~/|;��R-4C0@r`0tP^c/*/9;03I@l � � !�' � � � ! � « °V®1³�� ®1³3°5�����³`® � ± « � '� �]�*� ��V®n� ��¯�o � ¯ `8l-RG68W86X25*-F ��?�DG</c;6X2@I&Sm*-B�</O/4C0@?R-[/I14C0@BEI�a-�wQ1z^R ��032Nc/F/*GWL*-�G6L03I@a-Q�FH25*-?C<>*-?�DG4C039�a;~-�/|-|8<Yl;R-c/*-?C05W86LF/0 �$WLrM9�l�a-?C0@r`6XI�6L*-Fp~�l��s039`6L416L*-Fua;��</?168W| � �G�Hl
��~-~ � !^³ � 3®�! �[� *�� �U& � ' � � « °3®1³�� ®1³V°� ���@³-® � �@3® 
 ���¯�o � ¯ `8l���*-4C*-?C*�W�D�a | � �-�/l
��~-� �dQ1P^QCR-�Ka�� ³ � ®�o ¬5��'² « °V®h³�� ®1³3°5����� � ®��e®1¯�� «��  � a>P^0@F/F/03I@a&|3��.CDGFnr`6L0@?�| � �`�/l

p4p9qsrut�v�v�w



� � � ���

� �'9;?C03ICICD��-0'</cn[/I�6Xf`O/0�0@4sr`6L?C4CO/05Woa �`}��?�2Nc;6\4N03254CO/?C0#�`~ %��G�K,;6L4�I@au|V���?�2Nc;6\4N03254CO/?C0#(�*nD-9&%-R-4C*`?C0-a�|3��YR-Qh�KaH}`�/a �-}�YRn� aH}-}�YR�<�a>}-}/a��-}��*/9;03Is9�)�D-9;?C03INICDG�-0-a�|@�
�

�^2@D-2Nc/0-aH�-}/a>} �
�_?�DGFH2Ncw9;05WXDV[wI�WL*-43aH~-}
�_OHIy?C0@4C?C[-a�|3���
�_OHI�I1F/*n*`<;6\F/�>au|3���
�_[;<HD-ICI@aH���Ha/�-�

S StD`2Cc/0-aH}`�/a/}/|StD`2Cc/0KSm*`Fn4C?N*GW8W\0@?VaH� �StD`2Cc/0�9;0Y4C?�D-9;OH25416L*-Fw9�) D-9;?C03ICI10-a�|3�/|StD`2Cc/0�y6L?C03254CkABED�</<H039�a�}/|
�/O;W8WL[wD-ICIb*M2N6XDG416Lr-0-a>}/|R-0@4dD-INI1*M2N6XDG4b6\r`0-aH}/|Sm,>*Vi�aH�`}/a��-�/a�|3� �SmQNR/Sdau|3~Sm*`FH9`6\4b6\*`FHDVWLkAB=*Gr-0-a ~`�/a/~��na/�/|Sm*`</?C*M2503INI10@O/? 'H*-4C45DGFn4��Qhz:REPs}-�-�-��a �G~

� ��T0@<H0@FH9/DGFH2503I�9;0�9;*-F/F^T0@03I�aH�G���T0@<H0@FH9/DGFH2503I�9;0�9;*-F/F^T0@03IP^����aH�G�
���ePJaH�G�
��� ��a/�G��'2@D-2Nc/0-aH�-}�'�:Sda�|3~/aH�G�

� �$,H*ViuaM�`}/aH�-��$FH9`6XDGF/03ICI�'�^S�~�|-|3�G�Ha;~G��$FH9`6XDGF/F/03ICI@a&|@�� i�250@</4b6\*`FHIs0@4sQ�Fn4N0@?C?CO/</416L*-FHI@a>���� i�250@</4b6\*`FHIs0@4sQ�Fn4N0@?C?CO/</416L*-FHI
�d03I14b6\*`F!6\B�</?MT032N6XI10-a����
�d03I14b6\*`Fq</?MT032N6XI10-aH� �� i�250@</4b6\*`FHI�'�^S�~�|-|3�G�Ha;�-}��Qhz^RqPs}-�-�`�/a/� �z&*G t0@?5~/an�-}

�

�&,>*Vi�a/�-}
��� ��a��-~
��68i/039;kA<H*G6LF;4d4N?�DG<!6LFHI14C?COH254b6\*`FHI@a �G�
��WLOHI1c�</?C*-4C*/25*GWoa�|-|3�
��*-?CBED�4�Im9;03I:6LFHI14C?COH25416L*-FHI�a£|3�
��z ��a;� �/aH�-��a �G�/a ���/a��-~

Q Q�,H*ViuaH�-}/a;�n~/a;�n��aH�-~Q12@D-2Nc/0-aH�-}Q�Fn4N0@?C?CO/</416L*-FHI��/r-*G6L?d� i�250@</416L*-FHI�aH���
( (�*nD-9;k¨W86LF��-039�a£|`|-|(�*nD-9;k¨WL*M2 �-039�au|`|-|(�*n*-<qO/F/?N*GW8Wj6LF/�Hau~`�
� �����^a��-���,>*3iua/�-}/a/} ��ZSm�Ka�|3~-��ZSt� a/� �/a�|3~ ����:R-Q�au|3� �

|V�-�



�������  � ��
	'®1°@± «�� 5° ��� ®1�� � ��� « °V®h³�� ®1³3°5����� � ®��
� �
���������������� �"!
#%$ ��&
�  � � � !�' &)(�*�*�* |3���

��Qhz:RHau|3~/a/�G���*/9;03Is9�)�D-9;?C03INICDG�-03I@a�|@���O;WL416L<;WL[nkA�'�'�Ka �G�
z z�DG��6\FHD�416L*-Fua �-}z�DG��6\FHD�416L*-Fz�?N*-4C0325416L*-Fua�|3�-~

�&DV68WjWL0=9;03I^<HDG�`03I@a �-}
��?�D-9;OH25416L*-Fw9�)�D`9;?C03ICI10-a � �z>�'(�au|3�/a>�-}/a/�-�z>�'( I1cHD`9;*� ª?C0@��6�Ib4C0@?3au|3}z>�'(u25*M9;0-a&|3}/a/�/|`au|3�-�z>�'(�B=*/9;0-a �-��a |V�-�z$,/OHI@aH�-�z:SmQ�au|V~/|z&0@?17A*-?CB!DGFH250KSm*-O/F;4C0@?sP^0@�G6XI14C0@?Va£|-|V�z 6\<>05W86\F/0!�'�^S�~/|`|3�G�Ha`�n~z 6\<>05W86\F/0!�wQ1z^RqPs}-�-�-��an�;�z 6\<>05W86\F/0!z&*� ^0@?�~�a-�-�z&*GW86L416Xf`O/0¡9�)1T0325?16L4CO/?C0
<y*= s?16L4C0�DVW8WL*/2@DG4C0-aH}-~
� ?16L4C0@koD�WjWL*/2@DG4C0-aH}`~
� ?16L4C0@kA,HD`2 ��aH}-~
� ?16L4C0@kA4Nc/?C*-O/�-cua/}-~z Z ���mPJau|3~/a/�G�z$?MT056LFH25?/T0@B=0@Fn45DG416L*-Fua�|3�

P P!T032@DG<;6L4CO;WXDG41687
�G0@O;iw9�) 6LFHI14C?COH254b6\*`FHI@a£|V~����T0@B=*�6\?N03I@a �-�R�T03f`O/0@FH250@B=0@F;4d9;03I:6\FHIb4C?COH25416L*-FHI@a>���{yF;6\4/T03I^DG?16L4Cc/B�T0@416Xf-O/03I�a ��}P^0@F/*`B=BEDG�-0�9;0Y?C0@�G6XI14C?N03I@aH�-�/a ���P^0@<;WXDV[q4C?�D�<uaM�`�/aH�-}P^QNR/Sda&|3~

R R-����a>�-�/a��-~/au|`| �Rn2@D-2Nc/0-aH�-}�aH}-}Rn� ��a �`~RGWL*-4C4b6\F/��7AO/FH25416L*-Fua/���R-4C*`?C0@ko25*-FH9`6L416L*-FHDVWoa&|-|-|R-4C?5DG4/T0@��6\0'9;0�?N0@B=<;WXD-250@B=0@F;4PsDGFH9;*`BwaH}/|

R-4N?C03DGBK6LF/�E2@D-2Nc/0-aH}-��a |`| �R-[;F/*-</416Xf`O/0�'�^S�~�|-|3�G�Ha;�����Qhz^RqPs}-�-�`�/a/�-�z&*G t0@?5~/an�-�
�

�:,/OHI@aH� �/a�|-|V}
�y( ��au|3�/|

{ {yF;6L4/T0'0@F;416og0@?N0-aM� �{yF;6L4/T0'0@F;416og0@?N0�'�^S�~�|-|3�G�Ha;�-���Qhz^RqPs}-�-�`�/a/�-~z&*G t0@?5~/an�-�{yF;6L4/T0#'H*`4C4�DGF;4C0-a��G�{yF;6L4/T0#'H*`4C4�DGF;4C0�'�^S�~�|-|3�G�Ha �n|��Qhz^RqPs}-�-�`�/a ��~
<s*`?CB=0'Qh�_�m� ���G�Ha ���z&*G t0@?5~/a��3�

�

�Z?16L4C0@kA,/O �u0@?3aH}-~/a��/|

p4p9qsrut�v�v�w
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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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