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FIGURE 2.7  Displacement values are widely distributed.
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FIGURE 2.8  We see that for integer ALU operations about one-half to three-
quarters of the operations have an immediate operand, while for integer compares 
75% to 85% of the occurrences use an immediate operand.
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FIGURE 2.9  The distribution of immediate values is shown.
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FIGURE 2.16  Distribution of data accesses by size for the benchmark programs.
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FIGURE 2.17  Three basic variations in instruction encoding.
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FIGURE 2.18  Current compilers typically consist of two to four passes, with more 
highly optimizing compilers having more passes.
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� r zVa/g*��f�j�i f�^k_4`babcXde`bf�g%^X_o_bckmkm�g%a4`bf�^klOdEg%��mXf
n
i `bf���i
�Xf�^kjkf�^kly· 4 �'a/n
�P�Xf�^Xj�f�^�l�`bf���i mka/g*��f�j�i*_t_/m�i-i-j r
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± �Ì< � J�GC@�DAM�F*M�WÖU�ZA/ V�M�B�D-J ��JÖJ B U�F�H'QCI�D-M�H9D*GRF*M
q%r ]�a/abiAl%ckn���a » abd vkf�`bi-dE`wc�abi-_{· ]�^�`biAnRÏ%Ð%Ï9Ñ����9_0/%g%vX^
1 �'n��9iAa21 q!3 |oa/g9`bi%p

]2`-£¤_t��i*dEg%��i dEn
i'�'at`wv��'`t`wvki~mXn���l%cki d-��n
n
i*j
`wv�iyÏ9Ð%Ï%Ñ546474tf�_o^kg9`7l9g%f�^kl�`bg�l%g��A|t�A� r
47474t]�vX�A��i ^kiE�%i-a�i*^kdEg�cX^%`bi-a/i-jh���O��dev�f�^ki
_4gOv��'awju`bgOcX^kjkiAab_4` �9^kjÖ��g�^ki�|¶v�i-a/i§`wvki
��g�_4`7���9_/f�d~jki-dEf�_4f�g%^X_tf�^hjki-_/f
l%^kf�^kl��
mka/g%l%aw��� �'a/i¥�O��jki _/gOcX^X^�i-dAi-_b_b��a/f
n
�
j�f73OdAc�`847474

}�ro¼ g.g��O�9^%�=n��9^�l�cX��l%i~��i*�'`wc�abi-_tf�^u` v�i
��abd vkf�`bi-de` c�a/i§· µ ���¥��g9n�f�dA_7�O�9j�i ¢Y] µ z
�O��dev�f�^ki-_ r½¼ v�iA��|�iAa/i g*�%i-a4` ���9i-^=���u¢Y] µ z
i-^��.f�a/g%^X��i-^�`w_�|7vkf�d vhaw��^h�0��_4`biAaog%^h^kg9aw����n
v��'abj�|t��a/i r

��r¶µ f���mkn
f���� ¼ a ��jkiAg���_{· s i-^XjX��n
n µ ¡�c���a/i
¸7i-_/i*��abd v=mka/g*��f�j�i*jh���O��d vkf�^ki~f�^=|7vkf�d v=`wv�i
mXa/g9l%aw�9����i-a7v���ju��iAa4�un
f���f�`wi-j�dAg%^�`ba/g%nÖg-��iAa
��i-��g9a/�=�O��^���l9i-��i-^�` rV¼ vkf�_omXa/iE��i-^%`wi-j
g%m�`bf���f 6*�*`wf
g%^X_ r
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� r zVa/g*��f�j�i f�^k_4`babcXde`bf�g%^X_o_bckmkm�g%a4`bf�^klOdEg%��mXf
n
i `bf���i
�Xf�^kjkf�^kl�· ¼ vki � »�� vX�9j���� 	������ f�^k_4`babcXde`bf�g%^
_w�E��f�^kl���g%a¶�y��cX^kdE`bf
g�^=d-��n
n rV¿ g*|{iE��iAat`wvki �O�9_4�
|t�9_of�����i*j�f��'`bi%�X|7vkf�d v=mkabiE�%i*^%`bi*juf�`w_7ck_/i~f�^
_/iAm��'aw�'`bi¥dEg%��mXf
n��'`bf
g�^ r
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± � <�� ����
 N KYI�ZA/ V�M �¶W�U�ZA/ V�M
8§¢ � f�_7��_/f���mXn
fH5Xi-j=�%i-ab_/f
g%^hg9�R` v�i Ë\]�z µ ¸ � Ð%Ð9Ð
f�^X_4`babcXde`bf
g�^h_/iE` º ck_/i-j=f�^ µ�. ]�_ Á r
8§¢ � ��i'�*`wcka/i-_tf�^XdEn�cXj�i%p
q%r . i-^kiAaw��nÖz�cka/m�g�_/i~¸7iAl%f�_4`biAab_o¢Rg��9j ��_4`bg%a/i

��abd vkf�`bi-de` c�a/i r
}�r¶µ c�mXm�g%a4`o��g9a7dAg%����g%^\��jXjka/i-_b_/f�^�lO��g�j�i-_Ap

jkf�_/mkn��9dEi-��i-^�` º4q-} Ê q Ñ��Xf�`eÁ �Xf�����i-j�f��*`bi��Xa/iAl%f�_4`biAa
jkiA��iAa/a/i-j r

��r¶µ f���mkn
i ]4^k_4`babcXde`bf�g%^ µ iE` r
� r¶µ c�mXm�g%a4`7_/f���mkn�i¥j��*`e��_/f76-i-_{· Ï.� q Ñ.� �%} �kf�`

f�^�`biAl%iAa¶�9^kj �%} ��Ñ � �kf�`7] 4 4 4 �Xg��'`bf�^kl�m�g9f�^%` r
��rt� f���i-jhn
i-^kl�`wv=f�^X_4`babcXde`bf
g�^=i*^kdEg�jkf�^�l r
Ñ r zVa/g*��f�j�i*_ �%} . zV¸ µTº ¸�Ð.�k¸ q � 47464E�k¸ ��q Á��9^kj �%}

_/iAm��'aw�'`bi �9} �Xf�` � zV¸¶_ º g�jkj �'iE�%i*^Pm��'f�ab_od*��^=��i
cX_4i*ju��g9a¶Ñ � �kf�` � z�Á r ¸�Ð�f�_7��n�|o�E�k_¶Ð r

M r¶µ c�f�`e�'�Xn
i ��g9aomkf�m�iAn�f�^�f�^�lP�9^kjhdEg���mkf�n
iAa
g%m�`bf���f 6*�*`wf
g%^ r
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± �\<�� ����
 >A@CBED-F�GCH9D*I�J�@��YJ�F�Z UXD
8§¢ � £¤_ } �9jkjka/i-_b_/f�^kl���g�j�i*_7�'a/i i-^XdEg.jki-juf�^u` v�i
g%m�dEg�jki%�X�'n
nRf�^k_4`bawckde`wf
g%^X_7��a/i �9} �Xf�` r

I - type instruction

rs1 rd Immediate

Encodes:  Loads and stores of bytes, words, half words

All immediates (rd    rs1 op immediate)

6 5 5 16

Conditional branch instructions (rs1 is register, rd unused)

Jump register, jump and link register

       (rd = 0, rs = destination, immediate = 0)

R - type instruction

rs1 rs2

Register–register ALU operations:  rd    rs1 func rs2

      Function encodes the data path operation:  Add, Sub , . . .

      Read/write special registers and moves

6 5 5 115

func

Opcode

J - type instruction

Offset added to PC

6 26

Jump and jump and link

Trap and return from exception

Opcode

Opcode rd

–‹

–‹

Figure 2.21— Hennessy/Patterson

Computer Architecture
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1 q 3 / r 1 ��n
�%iAa r! % Õ#"7Ä�Ç2È*Ò�Õ Ô '!$ ,�Æ�Õ&% I ,�Ç Ô È )('), Ô Ç2È�É #�)
*�È�ÉbÒ Ô È ) G,+ &kÕ É ,2Õ#"�Ã Õ rtq0/ / � rV» �%�'f�n��'�Xn
i¥g�^kn
f�^ki
g%^=n
f�^�iy�'` r
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