
�����������
	���
�	����
������
������
���������
����
������� �!#"�"$�#���$!&%$�'�(������)+*,*-*-* .

/ 0 1 243 5�67698;:=<?>�@ ACBD@FEHG=IKJ�5�LNM O$PRQ

3 IKJ�>+5�:SJ�ET8U5�676+ICE VWQXPYBZE[6\67PRQX6

]_^a`cb-d�d
eFfg^a`�d�h&bjik^�l;]�monpd�qorts uv]_^cw�r(^�xydalvzU{�|;}�~��U{+�4~�����~����+���D�D�Tl;�?i���ro�ah�d
� u��Fd�`�d���d���l;^a`oqF�Hro�ant^a�[��uU�Z��`yw�dalv�4~��t��~����������D�

�c�o������� ��¡�¢�£¥¤�¦,��§;¨�¡�© ª�¨«��§U¬k¡�¢j­,®,¬�� ¯°­�¨±¦,����¯�������¡�²³� ¦,¯X��®,� ¦,¡�© §;¨�¯�© ¯9¨±�´� ¦T� ¦,¯¶µ�¯k·-��©¸� ¹o¯k¢'�;¡�²�º
��¯�¬��¸© ��¬°������¢j­
» ¡&¹o·,®,� ¯�©cº
¢-¼���¢-¯k¯�© ��¢,¼,½�¾�¡À¿vÁ�ÂÄÃ&Ã�½jÅa¡�©¸� ¦ » �À© ¡&����¢j�;ÆÄ�Ç�À� ¯�Èa¢,��É&¯�© §¸�´�ËÊ'½�Ìa����¯k��¼&¦�½-Å »ÎÍ Á�Ï&Â&Ð°ÑÄÁ�Â�Ã�Ã&Ò
	�Ó&ÔËÕ´Ö-×��j.ÇØ°Ø°Ù Ú���	�ÛÜ�



� �������X����	���
�	����
������
³�����
���������
����
������� �!#"�"c�'���$!&%a�#�(������)+*-*,*-*
�������	��

���

�����������������	��� �"!#��!��$�&%
'(��)*�
'*�+)-,�,�%
���
!#�.�/�0,�,���!1,2�����
'*�����"%.�435��6735��!18.��!9,��1:
�08.%
'*)(�<;=:<��!18.>?��!#��)(�
�#:
�@�
!#�����	,#,4�"!2�
)(�A��'*)*�
��BDC.%<�1:�,#�1:
�08.%
'*)(�
;E: ��!18.>F��!��G��������)*��'-8�;"����8$�A��!�6H��!#�����<�/��>I)(��:
�"%.�J!#��'*��)*�
;
�"���������
)*'(��3K�#)(���L,#�1:
�08.%
'*)(�
; BNM?:<�I:<��!18.>?��!#�?�	���@��'-,��J,��1:
�08.%
'*�O��!#��%
� 8&%
�<�/P.� �0�Q�#�	8@!#%
�.3R��)*���I���	�/%
!�3
!#���<���	,�,�%<�1:G�",S���"�1:
�T��)-,�,��	,	BVUW,�)*,#,�%
�?>I)*8��#:<,S)*�<�/!#�	�",4�"X�:
��>F��Y��	!	X0�#:
�I�/�����
'*�/P.)(�Z�J��6[,4% �1:G,#�1:
�	8
%
'()*�
;
:<��!#8
>F��!��\)(� �/!#�	��,��	,?�����<,�)*8
��!1��]
'*�����<8^�����D: �_Y��`���^)(���<�"�Q�O�"�+�#:
�J�/�.�/'*�\��)*���`��6N��:
�`�
!#�.�/�0,�,���!0B

M?:<)*,��<��� �	!��
!��0,4�	���#,V��:
�?8.�0,4)*;��G��6 �W�&%<'a�#)(�
'*�?)*,#,�%
�T�<!��.�/�0,�,���!V��: ���S%<,��	,����G��'(����!#�<����)*Y��T���
�
!#�"�"�1:
�	��'*'(�08+bGc-d1d�e
f�g7h�d/i1h
j1k�l.mnc7o�p9��!Tqsr`tuB�C
�1:
�	8.%<'()*�
;`:<��!#8.>?��!#�v)-,S!#������Y��08`6H!#���w�#:
�I�
!#�.�/�	,#,���!N�
)(�A��'*)*�
�
��'a�#��;�����:
�	!O���<8x�<'*�"�/�	8^�"�D�#:
�J�<����:E]A�/�Z>F���	�x��:
�J)*�<,4��!#%<�Q�#)(�"�E�����1:<�J���<8D��:<�J�
�/P��L'*��Y"��'y��6S�G�	����!#��B
C.�1:<�	8.%
'*)*�
;2)*,��A��!�6H��!#���	8G���z���"�1:
�T��)-,�,N�#)(���"X"��,N)*�<,4��!#%<�Q�#)(�"�<,S��!#�T!#�	����)*Y��08`6H!#���{�������"!��"BNC.�1:
�08.%
'*�	8
]
'*�.�1|.,+��6J)(�<,4��!#%<�/��)*���<,^��!#�=)-,�,�%
�	8}���~������;�;�!#�	,#,�)(Y"��'*���/'*�.�1|��	8~)*�.35��!18.��!D�/P.�	��%.��)*�����/��!#��B��L���#��)('-,
��6W��: ��!18.>F��!��D,��1:
�08.%
'*��!G��: ���@������� �	!46H�"!���,��A�	�/%<'*����)*������!��D��%.�#'()*�
�08����<8�,�:
��>I�s�#�$]A�D6H�	��,�)*]
'(�"B
���	!46H�"!��@��� �/�`!#�	,�%
'a�1,W6H!��"��,�)*�&%
'-���#)(�"�<,W��!��9�
!#�	,��������08x��:<���\:<)(;":
'()*;�:��W��:
�G�/�[�	�/��)*Y����<�	,#,W��6v����q�r`t
8.�0,4)*;��uB

�E�����&� �_�N�
qsr`tuX0�E%
'(��)*�
'*�v���<,4��!#%<�Q�#)(�"�`�Z,�,�%
�"X0�E)-,#,u�S���#:JC.�1:
�	8
%
'()*�
; X0��� ,Z�#!�%<�/��)*���`�y�	Y��	'"�S��!1��'*'*��'*)*,��xX0C.�1:
�08�3

%
'*�9�F���1:<�

�.�����O�?�F�\�L�O�F�I���W�

�G N¡0¡0¢"£�¤�¥¦ �§¨¤_©RªN§R¢�©R«	«0 �¢�ª�¡0¬u­�¢"«0«	¬[¡0«¦«	 �­�®°¯A«=¤_®�¢²±D¢�³�§R¢"¤	¤�´W¯A­�µ<¯A¡0¶·´v¸+¹Qº[»[»[»�¯A£�¶¼¤0®�¢²½Q£�¤0¢�§
´W¢"£�¤_©R N¥¾´`¡0¬=¢�¥�ª�§K¬
¿$¬[ N¤�¹Q¬AÀ5¹1¬[¡0¶N¢�¡\©K£�«	¤0¡0 �­�¤_©K¬[£�©R«	«0 �¢�Á7Â�Ã�ÄzÁ(Å
Ã#Æ2ÇE£N¢�¯A¶NÈ ¯A£�¤�¯AÉA¢�¬AÀz¤_®�©K«J¯Aª�ª�¡	¬�¯A­�®
©R«@¤0®S¯ ¤+­�¬[¥�ª�©K§R¢�¡G«0­�®�¢"¶� �§R©K£�É²©K«@£�¬A¤+¡0¢"Êy �©R¡	¢�¶�¤0¬²¯<¤0¤�¯ ©R£Ë®�©RÉA®�§K¢"ÈA¢�§R«+¬AÀ\©R£�«�¤_¡0 N­"¤_©K¬[£Ë§R¢�È[¢�§OªS¯ ¡_¯A§H¹
§R¢"§R©K«0¥ÍÌ4½/ÎO´&Ï�ÆI¸D¶�¶�©K¤0©R¬[£�¯A§R§¨¿[Äv¶N¿u£S¯A¥�©R­�«0­�®N¢�¶� �§K©R£�ÉË®S¯ ¡0¶N³G¯A¡0¢s­�¯A£{¶�¢�¯A§`¢�ÐF¢"­"¤0©KÈ[¢"§K¿Ñ³�©¨¤_®w �£�¯A£V¹
¤_©K­�©KªS¯ ¤_¢"¶�¡	 �£V¹#¤_©R¥�¢@¢"ÈA¢�£�¤_«EÌ4¢AÆaÉ�Æ¨ÄV­�¯A­�®�¢D¥�©K«0«0¢"«�Ï�Æ2Ò@®�¢�¡	¢E¯A¡	¢D¯ §R«0¬�¶�©K«_¯A¶NÈ ¯A£�¤_¯AÉ[¢�«"Æ&ÓV­�®�¢"¶� �§R©K£�É�©K«
ªv¢�¡	ÀZ¬A¡0¥�¢�¶�¬[£Ô¯�«	 �Õ�«0¢�¤x¬AÀ\©R£�«�¤_¡	 �­"¤0©R¬[£�«"ÄN¤_®N¢$«	©RÖ�¢=¬AÀW³�®�©R­�®�©R«�§K©R¥�©K¤_¢"¶~Õ�¿}¤_®�¢�«0©KÖ�¢=¬AÀ\¯�­"¢�£�¤_¡0¯A§
®S¯A¡	¶N³G¯A¡0¢@³�©R£N¶�¬.³=×u¤0®�¢@®S¯A¡	¶N³�¯ ¡0¢�¶�¬u¢�«J£�¬A¤J®S¯�ÈA¢DÉ[§K¬[ÕS¯A§uµy£�¬.³�§R¢"¶�É[¢+¬AÀz¤_®�¢�©R£N«	¤_¡	 �­"¤0©R¬[£�«�¤_¡	¢�¯A¥�Æ
Ò@®�¢Ë­�¬A¥�ª�§K¢�ØV©K¤Q¿¼¬AÀ+¤_®�¢}®�¯A¡0¶N³G¯A¡	¢�¡	¢�Êy �©K¡0¢�¶·ÀZ¬[¡�¬A N¤	¹1¬AÀ5¹Q¬[¡	¶�¢�¡$©R«	«0 �¢Ë­�¯ £Ù§K¢�¯A¶Ú¤0¬Û¯A£°©R£�­"¡0¢�¯ «0¢
©R£w¤0®�¢�ª�¡0¬u­�¢"«0«	¬[¡$­�¿u­�§R¢�¤0©R¥�¢�¯A«E©R«	«0 �¢�³�©K¶N¤_®�«=©K£�­�¡	¢�¯A«	¢AÆ�ÜÝ®S¯ ¤=©K«E¶�¢�«	©R¡_¯ Õ�§R¢�©K«x¤_®�¢�¯A¶S¯ ªN¤�¯AÕN©R§¨¹
©K¤Q¿�¬AÀ&¯ £Ñ¬[ N¤�¹Q¬AÀ5¹1¬[¡0¶�¢"¡D©K«0«	 �¢¦¶�¢"«0©RÉA£w¯A£�¶Ô¤0®�¢�¯AÉAÉ[¡0¢"«0«0©¨È[¢¦­�¿u­�§R¢$¤_©R¥�¢�¬AÀ&¯²§R¢"«0«D­�¬[¥�ª�§R¢�Ø�¶�¢�«	©RÉ[£
³�©K¤0®�¬[ N¤@¤0®�¢=­�¬[¥�ªS¯ ¤0©RÕ�©K§R©¨¤Q¿�§R©K¥�©¨¤�¯ ¤0©R¬[£�«J¬AÀ\¯�«	¤0¡0¬[£�És¶�¢"ªT¢"£�¶�¢"£�­�¢$¬[£Ë­�¬[¥�ª�©R§K¢�¹#¤_©R¥�¢+©R£�«�¤_¡0 N­"¤_©K¬[£
«0­�®N¢�¶� �§K©R£�ÉNÆ
¸D£Ñ¯A§¨¤_¢"¡0£S¯ ¤0©KÈA¢=¤0¬²¶N¿u£S¯ ¥�©K­�«	­�®�¢�¶N �§R©K£�É²³�©K¤0®�©R£Ë¤_®N¢$ª�¡	¬V­"¢�«	«0¬[¡D­�¬[¡	¢$©K«$Þ�ßRà�à@áNâAã�äËà.å�äSæ0çAèVé7ß�êuë

Ú��
	�Û�� 	�Ó#Ô Õ´Ö�×��,.ÇØ°Ø°Ù



��	��������°��	������
	���
�������
&����
#
�����	���)�
#��)���Ú��� j� �
��Û���� �o�� &�
���� j������
#
&�������
�«����
#
#����
 �

a) Traditional superscalar b) Miss path design
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ÀZ¬[¡ $'&)(LÆFÒ@®�¢�¯A§KÉ[¬[¡0©¨¤_®�¥ ©K«xª�¡0¯A­"¤0©R­�¯ §\ÀZ¬[¡x®S¯ ¡0¶N³G¯A¡0¢�©K¥�ªN§R¢�¥�¢�£�¤_¯ ¤_©K¬[£ÔÕv¢�­�¯A �«0¢s«	­�®�¢�¶� N§R©R£NÉ�©K«
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ª�¡	¢�«0¢"£�¤_¢�¶Ô©R£}¤_®�¢�¯AªNªT¢"£�¶�©¨Ø�Ï�Æ
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³�£
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³�£FÆGÒ@®�¢$¶�¢"À5¹1 �«0¢=¤�¯AÕN§R¢E®�¬[§K¶�«�¶�¢"À5¹#¤_©K¥�¢=¯A£N¶�§R¯A«	¤�¹Q �«	¢�¢"£�¤_¡0©K¢�«�ÀZ¬[¡�¢"ÈA¢�¡	¿�¡	¢�É[©K«	¤_¢"¡�©R£
¤_®N¢D¯ ¡0­�®�©¨¤_¢�­�¤_ �¡	¢AÆ`Ò@®�¢+¶�¢�À5¹1¤_©K¥�¢G¢�£�¤_¡�¿�ÀZ¬[¡J¯�¡	¢�É[©K«	¤0¢�¡J©R£�¶N©R­�¯<¤_¢�«2¤0®�¢�¥�¬A«	¤&¡0¢"­�¢�£�¤9­"¿u­�§K¢�©R£s³�®�©R­�®
¤_®N¢D¡	¢�É[©K«	¤_¢"¡`©R«`³�¡0©¨¤0¤0¢�£ÔÌ4¶�¢ 7S£�¢�¶SÏ�Æ`Ò@®�¢D§5¯A«�¤	¹Q N«0¢@¢�£�¤0¡	¿sÀZ¬[¡J¯=¡0¢�ÉA©R«	¤0¢�¡J©R£N¶�©R­�¯ ¤_¢"«J¤0®�¢�¥�¬A«	¤&¡0¢"­�¢�£�¤
­"¿u­"§R¢=©R£}³�®�©K­�®�¤0®�¢=¡0¢�ÉA©R«	¤0¢�¡@©K«+¡	¢�¯A¶¼ÌZ �«0¢"¶zÏ�Æ

Register def-use table

regid def-time last-use

  0
  1
  2
  3
  4
  5
  6
  7
  8
  9
  10
  11

Reservation Table

cycle   ALU ALU Ld/St

  0

  1

  2

  3

  4

  5

  6

  7
Sample code

A:  ld r2,0(r6)

B:  add r3,r2,1

C:  mul r4,r2,r9

D:  add r8,r2,r7

E:  div r10,r3,r9

�N)(; B��.B~C.�����
'*�J�/�.8.�`��� 8^���D�	���.�Z�D,#�1:
�	8
%
'(�

�G¬A£�«0©K¶�¢�¡E©K£�«	¤0¡0 �­�¤_©R¬A£Ñ¸�ÆT¸¾¡0¢�¯A¶�«�����¯A£N¶Ñ³�¡0©K¤0¢�«	��
�Æ�Ò@®�¢�¶�¢"À&¢"£y¤0¡	¿�ÀZ¬[¡	���Ë©K£Ñ¤_®�¢�¶�¢"À5¹1 �«0¢
¤�¯ Õ�§R¢}©K«�¡0¢�¯ ¶Ù¤0¬¼¶�¢�¤_¢"¡0¥�©R£�¢~¤0®�¢�§R¯A«	¤s­�¿u­�§R¢Ë©K£°³�®N©R­�®����¼³G¯A«s¶�¢ 7S£�¢�¶FÆ ¸^«�¤0®�¢�¶N¢"Àx¢"£�¤_¡	¿°©K«
¢�¥�ªN¤Q¿AÄ����s©K«�¯A§K¡0¢�¯A¶N¿�¯�ÈA¯ ©R§5¯ Õ�§R¢ Ä�«0¬�¸ ­�¯A£}ªv¬A¤_¢"£y¤0©5¯A§K§K¿�©K«0«	 �¢x©R£²­"¿u­�§K¢E»NÆ2Ò@®�¢E¡	¢�«	¢�¡	È ¯ ¤0©R¬[£�¤�¯AÕ�§K¢
©R£N¶�©R­�¯ ¤_¢"«�¤0®S¯ ¤^¯�§K¬�¯A¶�� «�¤_¬[¡	¢= �£�©K¤+©K«^¯�È ¯A©R§R¯AÕ�§K¢x©R£�­"¿u­�§K¢¦»NÄz«	¬²¸ ­�¯A£�©R«0«	 �¢�©K£�­�¿u­�§R¢�»NÆ�ÓV©K£�­�¢�¸
®S¯A«J¯x¤Q³9¬=­"¿u­�§K¢+§R¯ ¤_¢"£�­"¿AÄ
��
=³�©R§K§NÕv¢�¯�ÈA¯ ©R§5¯ Õ�§R¢JÀZ¬[¡` �«	¢+©K£�­"¿u­�§K¢+ÅVÄy¯ À�¤0¢�¡`¸ ®S¯A«2³�¡	©K¤	¤_¢�£�ÌZ¶�¢�7S£N¢�¶zÏ
©K¤�Æ\Ò@®�¢^¶�¢"À5¹1 �«0¢+¤�¯AÕ�§K¢�©R«& �ªT¶�¯ ¤_¢"¶²¤_¬$¡0¢���¢�­"¤9¤_®S¯<¤G¸  �«0¢"«�����©R£²­�¿u­�§R¢^»�¯A£N¶²¶�¢ 7S£�¢�«���
¦©K£²­"¿u­"§R¢
ÅVÆWÒ@®�¢�¡0¢�«	¢�¡�ÈA¯<¤_©R¬A£¦¤�¯AÕ�§K¢�©R«\ �ªT¶�¯ ¤_¢"¶s¤0¬E¡0¢��S¢�­�¤&¤0®S¯ ¤`¸�³�©K§R§uÕT¢"É[©R£�¢�ØV¢�­" N¤_©K¬[£�¬A£¦¤_®�¢@§K¬�¯A¶�� «�¤_¬[¡	¢
 �£�©¨¤`©R£�­"¿u­�§K¢�»NÆ � ¬
³ ­�¬A£�«0©K¶�¢�¡2©K£�«	¤0¡0 �­�¤_©K¬[£ 	^Æ 	Ú N«0¢�«���
$¯ «`¯x«0¬[ N¡0­�¢�¬[ªv¢�¡0¯A£�¶?Ä[¯A£�¶�¤_®�¢G¶�¢"À5¹1 �«0¢
¤�¯ Õ�§R¢�©K£�¶�©R­�¯ ¤_¢"«x¤_®S¯<¤���
�©R«=ª�¡0¬u¶� �­"¢�¶Û©R£{­"¿u­"§R¢�ÅVÆ�Ò@®�¢�¡0¢"«0¢�¡�È ¯ ¤_©K¬[£w¤�¯AÕ�§K¢�©R«E­�®�¢"­�µA¢"¶·«	¤�¯ ¡	¤_©K£�É
¯ ¤=­�¿V­"§R¢�Å²ÀZ¬[¡x¤_®N¢s¤0®�¢87S¡0«�¤�¢�¥�ªN¤Q¿w­"¿u­"§R¢s©R£Ñ³�®�©K­�®�¯ £¼¸^Î � ©K«=¯�ÈA¯ ©R§5¯ Õ�§R¢~ÌZ³�®�©K­�®¼®S¯ ª�ªT¢"£�«E¤_¬
Õv¢}­"¿u­�§K¢ÔÅAÏ�Æ 	 ©K«�¯w«0©R£NÉ[§R¢~­�¿u­�§R¢}©K£�«	¤0¡0 �­�¤_©K¬[£?Ä&¯A£�¶°«0¬w³�¡	©K¤_¢"«�©K¤0«¦¡0¢"«0 �§¨¤s©R£�¤_¬�����©K£·­"¿u­�§K¢,-NÆ
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Register def-use table

regid def-time last-use

  0
  1
  2 2 2
  3 3
  4
  5
  6 0
  7
  8
  9
  10
  11

Reservation Table

cycle   ALU ALU Ld/St

   0      A

   1

   2
�

   3

   4

   5

   6

   7
Sample code

A:  ld r2,0(r6)

B:  add r3,r2,1

C:  mul r4,r2,r9

D:  add r8,r2,r7

E:  div r10,r3,r9

�N)*;<B��
B~C��#�����J��67����!O,#�1:
�08.%
'*)(�
;�)*�<,4��!#%<�Q�#)(�"�<,IUw���<8K�\B

Register def-use table

regid def-time last-use

  0
  1
  2 2 2
  3 3 3
  4 5
  5
  6 0
  7 3
  8 4
  9 3
  10 6
  11

Reservation Table

cycle   ALU ALU Ld/St

   0      A

   1

   2 � �
   3 D      E

   4

   5

   6

   7
Sample code

A:  ld r2,0(r6)

B:  add r3,r2,1

C:  mul r4,r2,r9

D:  add r8,r2,r7

E:  div r10,r3,r9

�N)*;<B�� B²C��1�����J��67���	!O,��1:
�08.%
'*)(�<;���'*'�)(�<,4��!#%<�/��)*���<,	B

Ò@®N¢}ª�¡0¢"­�¢�¶N©R£�É{¢�ØN¯A¥�ª�§K¢~©R§K§R �«�¤_¡_¯<¤_¢�«=¤_®�¯ ¤¦¤_®N¢}«	¤_¢"ª�«s©R£�È[¬A§KÈ[¢"¶·©R£·¥�©R«	«�ªS¯ ¤0®°«0­�®�¢"¶� �§R©K£�É{¯A£
©R£N«	¤_¡	 �­"¤0©R¬[£�¯A¡	¢�«0©R¥�ª�§¨¿ �&Â
Ï2­�®�¢"­�µu©K£�É�¤0®�¢+¯.È ¯A©K§5¯AÕN©R§R©¨¤Q¿=¬AÀ?«	¬[ �¡	­�¢+¬[ªT¢"¡_¯A£N¶�«9©K£�¤_®�¢+¶�¢"À5¹1 �«0¢�¤�¯ Õ�§R¢ Ä
Å[Ï^«	¢�¯A¡	­�®�©R£�É�¤_®�¢s¡	¢�«0¢"¡	È ¯ ¤0©R¬[£{¤�¯AÕN§R¢¦ÀZ¬[¡=¯A£¼¯�È ¯A©R§R¯AÕ�§R¢$«0§K¬A¤�ÄL¯A£�¶ -�Ï^ �ªv¶S¯ ¤0©R£�É}¤0®�¢s¶�¢"À5¹1 �«0¢�¯A£�¶
¡0¢"«0¢"¡	È ¯ ¤_©K¬[£·¤�¯AÕN§R¢�«"Æ�Ò@®�¢�¯A§KÉ[¬[¡	©K¤_®N¥ ¡0¢�Êy �©K¡0¢"«�¬A£�§K¿¼¬[£�¢}ªS¯ «0«�¤_®�¡	¬[ �É[®Ù¯Ñ«	¢"¤�¬AÀ+©R£�«�¤_¡	 �­"¤0©R¬[£�«"Æ
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A

B A

B A

B A

A:  ld r2,0(r6)

B:  add r3,r2,1

C:  mul r4,r2,r9

   ...

2) B enters stage 1 and
    checks r2’s busy bit.

1) A sets r2’s busy
    bit in stage 1.

B

3a) B stalls in stage
    1 for 2 cycles.

4) B can read r2’s def-time
    and proceeds to stage 2.

3b) A clears r2’s
     busy bit..
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MultiOp Fetchnext_index logic

From Scheduler

Execution pipeline

NOP NOP  NOP  NOP  NOP NOP  NOP  NOP

Cache line
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C     C     C   NOP   C   NOP   C     C

IALU  IALU  IALU  IALU  Mem  Mem    FP     FPIALU  IALU  IALU  IALU  Mem  Mem    FP     FP

Vertical Nop
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·-·ÜÒ �ÀÑ Í Ã&½�Åa¡�©¸� ¦
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while ( (Op = GetNextSequentialOp()) != NULL ) {

1) Check Op’s source operands to determine when all
of them will be ready,
EarliestStartTime=MaxReadyTime(Op’s Src Operands).

2) Determine ResourceSet, which is the set of
resources that Op needs to execute: functional
units, register ports, result buses, etc.

3) Search the reservation table, starting from
EarliestStartTime, for a cycle in which all
resources in ResourceSet are available.

4) When such a cycle - ScheduleCycle - is found,
reserve the needed resources for Op by marking
entries in the reservation table.

5) Set the definition (def) time of all of OP’s
destination operands to ScheduleCycle+Latency(Op).

}

Reservation table

cycle   IALU  IALU  LD/ST

  0
  1
  2
  3
  4
  5
  6
  7

Register file

regid  value  def-time  last use

0
1
2
3
4

5
6
7
8
9
10
11
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i
m
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Steps 1, 2, 4
Step 3a

Step 3b

Step 5

Steps 6-9
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