
����������	�
 ��

���������������������! "�#

$�%'&�(�)�*,+.-�/1032 4�5.6,7

8:9;9=< 2 <?>@8:ACB

D�E
FHGHIHJHK!LNMPOQGSRUTWVYX[Z]\_^]`Qa]`cbSdUe�f?g]hjiHkQlSmonqp[rHsStvuHwqRvx�y{z_|o}?~Q�{���HIqf?gQ�H�

m?���qpU�W�vzHZ�\�^]`�a]`cb'd�e�m?�Q�SRj�W�ct'�P~
������Z�\�^]`�a]`cb'd�e�m?JHK���g�L�M�G�mjnqp[���o�j}v�H��m? ¢¡£RU¤¦¥¨§©X�~
�ªLN�¬«H­{®�mQZ�\�^�`�a]`cbSd¯e��ª°²±�³:´¶µ¸·º¹»°½¼¶¾¿�¬m?ÀHÁHÂHÃqRvÄ�ÅH~
�ªÆN�ÇLº�Èk{lWpcÉ¢ÊCË[��zYÌ_X[Z]\�^Y`Qa]`cbSdUeoÍ_RvÎ]Ä�ÅÏX�~_ÐH}3gQÑSÒ?Ó]�W�ctY�Ôz�Ì�XUZ�\_^�`�a]`?bSd�eHÕ
Ö Rv�Q��×�g�ØQm?Ù{ÚHÛSÜ�Rj�Ï�ct'��~

Ý Þ�ß�àâáÏã�á�äæå�çÏè�é�êÏë�ì

ÝîíïÝ Þ�ß�àðá�ñóòÏôCõ£ö�÷Cø,Þ�ß�àâáÏã�á�äæå�ç�êCù�ú
ûQü�ý]þHÿ Ó�g���\������	��
Ôg���
������������cg]ZY\_^ `�a `Ôb'd[e�� Ö�� ×3}3Â]Ã_R�}��_¥�Z�\q^]`HaY`

bSd�e�m����_RvÄ�Å{~
�������� "!PGWp�#%$'&)(Sp+*S¥ Ö�, Ëc��}+-/.�0�
WÆ� �1¯m32�4YÓ5#%687WËU�_}v«�9�m ýHþHÿ �[Ì;:j�YzYÌ�X�~��Um ý
þHÿ f=<�>�m ûQü]ÿ I@?�¥îg;ACB�t�D�E�m	F üCG pIHHÚWË[�Hg��o\��J���K��
S�ML+Nj��}?~

LO������ �M GWpQPSRT6�(SpC*Ï¥ Ö�, Ë[��} °TP�°VUXW�m�2Y4YÓ�Z\[ m � ÕoI@?£X�~��Um ýHþ{ÿ f�] þ�^ �_��`�d�acb£R
� L�`�ddav�fe�Ë�go×�g�hQ�KikjMl;m@2�nJo�Ú�mKpCqkrtsJu�×�gYv�w�x_m+-3.;03
Yp�Ð'��y�z��q}?~��[m�-/.;0

¢f��j\��J���	�{
�p�|�×[zYeWËot�}/~]I����_t�-;.;03
��C�qR��/���o×�g���
{���3�����+�q�ML_No��}?~

ÆO�������º�¨GWpQ#ª³ ´ ±���(Wp+*W¥ Ö�, Ëv�_}K] þ@^ ����!�`�d�a�bqm�!�1�1"!cmC2Y4�Ó/Z�Æ[m	�����ct£X�~��vm�-�.C0�

f�q�p�mk����#½R ü ÌQz	�+�WËc�)��
{�_�����Y���C*Ï¥�e�ËjÌÏ�[ÌW�'�{�QI Z�\�^ `J�_���������q���HÛWÜ_z¯�
}?~

����#=�H�Sp ý]þHÿ mKH ý���� RI�¦¥�m]�]Õ Ö Ë[��}d!�1�1"!¯m������{n�f=e�> û{ü�ýHþHÿ m=���C�+nqp��� �×o}?~�Ð
}�!¡1�1"!Uf£¢/`�dQa�b�m_a `cbSdUeQI@?�¥¬g�� �'p�hQ��i8jH��¤�¥St	m�2/n;o�Ú£RK¦SVjz�«;v@s/§�¨St ÿ �WR�©ÏV¢}
ýHþHÿ ÓY�C�WËv��}?~©�cm�a�`ÔbSd¯e�f	ª3�_m�a�`ÔbSd¯e��M«�¬]zJ­�yQzJe)g Z�\�^Y`�a]`?bSd�e©�®L+Nj��X������
tY�o}?~

Ýîí°¯ ¯²±C³óêµ´·¶�¸º¹k»�¼Sè�é�ê�½�ì
¾À¿ÂÁc¿Ã¾ Ä�Å�Æ�Ç/ÈCÇ�É@ÊIË�Ì�Í/ÎCÏ3Ð�Ì�Ñ/Ò
Z�\_^�`¢a `cbSdUe�mKÓCÔ�7�Õ�ÖWpØ×]Å©XÚÙ�ÛYR	¤3ÜWp?Å�XÔ}3yog3Ý�ÞqmoÀHÁSR3�H�_m�Æ�ß�m_.30;��àHp�á�â�×

z�ãSVYX]�]�cpcÅÏX�~

ä Ý3Þ��/å�d�æ
a]`�ç�èY
CéCê��Y�?ÓoÄ�Å��Kiµj�m�ë�ì��Y.�� ÐH}{f�Ý�Þ@í+î d	-��c�Tï�z À{Á�Å�¬S|�Ý3Þ_R�ðW�vzñgoX�~

ä Ý3Þ ^ �	��ì3�ÚòCó�è���ìS�/å�d�æ
Ý�Þ��/å�d�æ�p�*W¥�ðÏ�?zS|o}KÝCÞSp	×©×�g/Ý�Þ�m	ô+õ�g/] þ p�§C¨StYò+ó�è_��ì�RKö�÷�Å�X�~qÐH};òCó�è+�
ì�R+�3àY.C��ÐH}{f��	iµjY�øí+îYd	-3�c�²ï�zÚðW�vzµgjX�~

�



ä Ý3ÞHÀHÁó�fù3ú�ûW|�ü+ý
ò+ó�è+��ìt�/å�dØæ?I ü ��Ëc��}/ò+ó�è_�Qì�p�] þ Rj���Ôt'�P~_ÐH}K] þ ùCúqR���àY.+�C��þo\/ÿ�Ð]}�f{��i
jcp�x���ÅÏX�~

¾À¿ÂÁc¿ÂÁ �����_Å�È��	Å��
	��
�����������+Å�È��	Å��
­Sp��+¬q}?g/Ý�Þ£�/å�dØæog;ÝCÞ ^ �K� ì?��ò+ó@è��dì��/å�d�æog/Ý�Þ�À]Á��'ùCú�ûC|tü�ý�g�m�Æ�.30/��àQf¢Z

\�^ `�aY`?bSdUe�m��£t'X���á£R ü ÌqX�}3y��q\_a�èj\Q�����Cp+*Ï¥îÀ]Á�pJï�ï'X��]n_R��� Å©X�!�ÓQIC|�X�~_Ð
}?g/Ý+Þ��_\qa�èo\d�?m+.C0/��à�qSR�"Ïp�#�g�×H^�`�dQ^?eY\q^Øÿ$�]n_R%��g�Å�XY�Y�PI�&3��'�(£R*),+�Å�-$.£R
.J�����%��\�a�è?\��Y�ML�/H~
0 �Q�21 � f���\_a�èj\�� ���WR��43�� f3./��������\qa�èj\��3R ü Ì¢}��YmjÀ�Á{Â�Ã_R3Ä�×vzYÌqX�~8!®Ý3Þ � µ 165Èµ �75

µ L65¿µ Æ���RÔÀHÁ�ÅÏXcm p�§�¨_t��{n]Ó���g¯t �vzYÌQg�m¢ÓC:�ïqX�~

i1 i2 i3i0
Time
8

Instruction
Fetch( F )

Instruction Decode
Operand Fetch ( D )

Execution
      ( E )

i1

(a) Execution

F D E

F D E

F D E

F D E

i0

i1

i2

i3

(b) Pipelining

F D E

F D E

F D E

F D E

i0

i1

i2

i3

(c) Super Pipelining
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(b) Super Scalar
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(a) CISC
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(a) Out-of-order Dispatch  in Super Scalar Processor
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sub r1,r1,10
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 Á

ROPCISC

ROP: Risc Operation

Â Ã Ä Å Æ Ç È É Ê Ë Ì
Í Î Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù CISC 

Ð Ñ Õ
 ROP ÚÛ Ü Ý Þ

ß à á â à ã ä å æ ç è é ê

INC AL

SUB BL,10 

ADD AL, [270]
or r2,r2,270

ld  r3,r2

add r5,r5,1

add r5,r5,r3

ëíìïîñðóò�ôöõø÷úùïûüðþý ÿ ���������	��


��
���
�� ����������� ��!#"%$'&(��)��+*',.-�/+0�&2123'�54.-�6�7(�'�#8 �2�
9�:<;2=?>A@B�DC�E�F�;#G��?:IHKJ�LDMON�P(QSR.TVU+WYXDZ ð ò ôöõø÷úùïû HYJ�[\PB]^9�:<;2= _a`bR'cd9�:�;B=<�'e�f

_Sg+hji�k�ldT%mj9+:#;B= �n>A@B�DC<E F _#o�pqXbT�r ë HYJs9B:#;B=.tvuIw'x�`Ky�Hdz|{ }~Q'�ac x�`jink#9+:<;
= _�t�M�m�������c|R�k�r
>A�B�B�a�D�'���<;#G#��:IHYJ�L�>A�B�B�a�D�'�������5���?; ��:#�'��>'E'F�_<o.p%XbT�r
��� ;%���a�+;BG���:SHYJ�L�>A�+�B�2����E�;BG��2����E�w������|�Y�.� �����+��¡+¢£Z ��� ;%���a�']¤_a¥�¦2i

k�r�i?X�§s¨a¡B¢+©�ª£Q«X2{�}5�B�?��¬K­nQ®�+���s�Y���¯��Q®�+�B¡+°K_�±+¢jink�rDp�²�l.³µ´dJ�¶ ùïõ¸· ÿº¹»· ÿ ý½¼öò ý H
��¾�¿�À5¾?Eq_aÁ2Â<H?RKÃ®r

Ä Å Æ Ç È É Ê Ë Ì Í

È Î Ê Ï Ð Ñ Ò Ó

ld  r3 ,r2
add r5,r5, r3 r1 r2 r3 r4 r5

Ô Õ Æ Ö Ñ ×
i0i1i3i4i5i6i7

Ø Ù Ú Û Ü
ALU

Ý Þ ß à Ä Å Æ Ç

i2

r39r0

á â ã ä å æ ç è

ld  r4 ,r2
add r5,r5, r4

i7
i8

Out-of-order
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