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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.

G9HJILKMHONMP�P�QSRTKVU4NMRTKXWYNZKL[]\^NMRY_a`cbT\Jd@[ePf\hg�IXRYij[ekTdlgC`nm<onpLp qsr4turwvxNMRYQyNZdzd{b



p�� � m{RT\Jd!HOWYijd�Q IXR `X[ d���RYijIY_ QSRTK�`cd!HzNZdO[]KcQ []\ �<[ekTd�r I��Bg�IXP�k�WXdO[eH*`ni]Q [eRYi�[�	 `�

��� t
��� NMRLb

��� � � 
�
�� � 
	�
� ��� 
 � ��� � 
	�#����� 
�� ��� � �
� �h� ��� 


� /4 	,.� ) �z+*(8 �z�
� )4A.$ �@(8�Y)0/ 2�" )0�z+ ( � $%) A8 	�s)4A.$
�@(8�Y)0/ 2�" )0�z+ ( �  C/�) � )0�O+*(.$', ��(*)0+ +	�V$9/4 C)0�z+ (  	(�,
+	��$>/4 #(8,  #,�,./ $��0�D� ��$�"9� �8$>/ �>F �h+ & $ �  >: +#/ �;+^6
�� C/ )0�J)0�z+ (.�@(.1 �@(�"9�@2�,.$ �

� " ����$�, � $�(.1#)4A � % �z�a�@(�� ) /42�" ) �z+*(�� A8 >:*$ )4A5$
�  #& $ �! �*+*2-)'F ! !  � / $',�2�"%$ � # � "?2�)  �@� + &  �
(.$�$�, & +#/ $ ��(��Y)0/ 2�" )0�O+*(�� ) + $ �.�5/ $'� �D �5/ +	1	/4 #& #wF

�   C/0�� �"��O$ � $�(.1 ) A � � A.$ +	��$>/4 B) +#/ �@(�"9�@2�,5$��  
� ��$�"9� �8$>/ 6]+#/ A.+'3 &  #( � +^��$9/  #(�,�� 6]+	�z�O+'3 �@( )4A.$
A.$  #,.$9/�F ! !  � / $��h2.�J/0$ & +#/0$ � # � "?2-) &  � (.$�$�,
6]$%3 $9/D�@(8�Y)0/ 2�" )0�z+ (��;��$>/;��/ +	1#/  #& #wF

� � � "5/0�@, � #7$>/ & � )4�  6]$%3 �@(�� ) /42�" ) �z+*(
$�(8"%+-,.��(.1*�>=-3 A5�@"EA  C/0$ ,.$%) $9/ & �@(5$�, " � ) A.$
+	��$>/4 B) �z+*( � ��$�"9� �8$', F

� A.$9/0$ �@�  ) /  #,.$�+
� ��( & $�& +#/ � 2�)0�z�O���  B)0�O+*(  #(�,
$�� "%�O$�(�" � ��( ,5$�"%+�,.�@(.1 )4A.$ ��(��Y)0/ 2�" )0�O+*(��>F

G9HJILKMHONMP�P�QSRTKVU4NMRTKXWYNZKL[]\^NMRY_a`cbT\Jd@[ePf\hg�IXRYij[ekTdlgC`nm<onpLp qsr4turwvxNMRYQyNZdzd{b



p�� � m{RT\Jd!HOWYijd�Q IXR `X[ d���RYijIY_ QSRTK�`cd!HzNZdO[]KcQ []\ �<[ekTd�r I��Bg�IXP�k�WXdO[eH*`ni]Q [eRYi�[�	 `�

��� t
��� NMRLb

��� � � 
�
�� � 
	�
� ��� 
 � ��� � 
	�#����� 
�� ��� � �
� �h� ��� 


" +#/ $ �� 	& ���O$^=8"9+*(�� �@,.$>/ �

Operation &

no. of operands

Address

specifier 1

Address

field 1

Address

field 1

Operation Address

field 2

Address

field 3

Address

specifier

Operation Address

field 

Address

specifier 1

Operation Address

specifier 2

Address

field

Address

specifier

Operation Address

field 1

Address

field 2 

Address

specifier n

Address

field n

(a) Variable (e.g., VAX)

(b) Fixed (e.g., DLX, MIPS, Power PC, Precision Architecture, SPARC)

(c) Hybrid (e.g., IBM 360/70, Intel 80x86)

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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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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