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 � ���  � � � � � �� � � � � � � � � ��� � ��  �!� " # $ % �& ' � ( �# ) * � +	
�� � � � �, � - . / 0 � 1 �2 3 4 5 6 7 89� 1 : ;< ' � != � � �� > ? 9@ A ;B C D E
89� 1 � ;< F G H I ��' � �# J K �+	

�L M N O P Q R S T U V �WX YZ [ \ ] ^ _ 	` 	 � 	a b c	d	e d	f e ga 	f e gc	h f 	ij 	ik 	id	ia 	ic
l m n o p q * r s L  +	

�  � � �  � � � � �� � � � � �  � � � � �� � � � � �  � � � � �� � � � � �  � � � � �� � � ����� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � � �����

��������� � � � �� � � � �� � � � �� � � � �  (� �� �� �� � 2 ����) 
�3�1.� � �� � �function	
��  Java�C�ARM � � � � 
� � � � � � �� � � �� 
� Java � C � ARM � �  � C � Java � ARM � �  
� ARM � �  � C � Java  � ARM � �  � Java � C 
�1�2. ! " # �control hazard	$ %&'( ) * + , - . /0 
�1 2 3 , - �pipeline implementation	 �4�5 6 7 8 , - �single-cycle implementation	 
�9 : 5 6 7 8 , - �multi-cycle implementation	 �9 : 5 6 7 8 , - ; 1 2 3 , -  
�2�3.<�= Java�� � � '>?@ A B � 15C
<�=D � Java E F G HI &�� � � J K L M � �
� � 60%
N O CPI�clock per instruction	P$ OL M � 1.1QR� S T D �E F G � � U A B � V C0 
� 8.2 � 9.9 � 27.5 � 30 
�1�4.( ) W X* Y Z [ 0 
�\ ] �^ _ ` a b a 
c d e �f g b h �\ ] �^ _ ` a b ` 
c d e �f g b h i

�\ ] �^ _ ` a b a 
c d e �j k b `  �\ ] �^ _ ` a ; c d e �f g l m  
�4�5.n , <�=\ ] �o p q r �direct mapped	
̀ a < 16KB
�=̂ _ �block	< 4= word
s �
=word� 4= byteH� t 
n , u v w x � 32 u y 
zT \ ] { <9 h u y 0 
� 128K � 160K � 148K � 147K 
�2�6.� S 9 | } >?�~ � �� A �O�� � � � 
�� � �� �  ��� � � � � �  �� � � �  
�1�7.'� = 20 � � �� 1 2 �superpipeline	/
� � � � �� �conditional brance	�� � � �   ¡ ¢ £
=¤ ¥ �bubble	
s ¦ § �� ¨ � H<B � �� � 15%RH<�� /̀ © < 2% 'ª ] « ¬ c d e $  @
\ ] ® ¯ �miss	° t 1 2 ± ² 25=7 8 
� S T 1 2 �<� CPI�* 0 
� 2.1 � 1.1 � 3.35 � 1.7 
�3�8.� ³ � CPU ´ µ ¶ �� \ ] c d e ���� \ ] c d e ·« ¬ \ ] c d e 
L ¸ �* 0 
�¹ º t »   �¼ ½ ¾ /� �hit rate	  
�¿ À Á Â 3 " # �structural hazard	 �¿ À >?/Ã  
�3�9.'1 2 Ä Å /
Æ Æ Ç È 9 É Ê 
Ë /Ì Í �bypassing	O�� � � � 
�Î h Ï �� ! " # �control hazard	f g  �Î h Ï ��Á Â " # �structural hazard	f g  
�Î h Ï ��« ¬ " # �data hazard	f g  �Î h Ï ��c d e f g  
�2�10.� S ( ) Ð Ñ OÒÏ � � Ä Å 0�Ó Ô 0 

for (i=2; i<100; i=i+1) { 
a[i] = b[i] + a[i];   /* S1 */ 
c[i-1] = a[i] + d[i];  /* S2 */ 
a[i-1] = 2 * b[i];   /* S3 */ 
b[i+1] =2 * b[i];  /* S4 */ 

 } 
�O  �Ò
¸ �ª 'Õ « ¬ " #   
�Ò
¸ �ª 'Õ Á Â " #  �Ò
¸ �ª 'Õ  ! " #  
�2�11.( ) * + Ö × l × Î h \ ] c d e �® ¯ � 0 
�¼ ½ ^ _ ` a  �Ø 9 � � � Ù Â  �Ú Û m Ü �  �½ ` \ ] c d e  

 
 

�3�12.<m TLB�translation-lookaside buffer	�W X
( ) * Y Ý ¯ 0 
���=Þ e ß à    
�á ª â ���ã ß �page table	« ä  
��å æ \ ] c d e �cache	�ª ] ç �   
�; \ ] c d e �cache	è é 
$ <® ¯ �miss	�ê ë %& 
�4�13.( ) <m ì í c d e �W X
* Y Ý ¯ 0 
�K A î ï �c d e w x M á ª �ã ß   
�Ø � � ð � ñ ò ó ô õ e c d e w x  
�H<ì í c d e u v ö � K ÷ ø t õ e u v U ù �ª ]  
�ñ K ú û ü ý � þ  
�1�14.( ) <m ñ ��� v �� �W X
* Y Ý ¯ ? 
�Ø x p � v × K ª ] c d e 1� �Ø  � � � �implicit	� v × K � � 	 � 
 ª G  
�Ø  
 ª G � v × ñ K A ª ] c d e  �Ø  
 ª G x p � v × K A î ï �c d e ª ]  
�4�15.n , � �  Õ 100�CPU M � � 90Q�¼ ç 
� S � L » �� � /� 9 J �<9 h � � �sequential	
â � 0 
� 1% � 0.5% � 0.2% � 0.1% 
�4�16.( ) � ô Ð Ñ � � �loop unrolling	�W X
* Y Z [ 0 
��Î h 
 ª G �Ø  �    
�O�+ Þ e ½ ç Ö �  
�� � � �ð � $ Î h    
�T É � $ µ Ð Ñ � e (loop body): � � �
 � � � � loop � � B � . � �  
�1�17.Ð Ñ � � �loop unrolling	É � O�� � � ( ) * Y 0 
� ! " # (control hazard	 �Á Â " # (structural hazard	 
�« ¬ " # (data hazard	  �1 2  ! (pipeline conflict) 
�1�18.( ) m ô 9 � �\ ] �, - 
* Y W XZ [ 0 
�¶ �� \ ] � " : ¾ /HK 5 x 
s ¶ # � \ ] � : $ ® ¯ �  
�¶ �� \ ] � " : ® ¯ � 
s ¶ # � \ ] � : $ ¾ /HK 5 x  
�¶ �� \ ] �` a % Æ � ¶ # � `  
�9 � � \ ] , - � A O�� Ú Û 1 2 & � (pipeline depth) 
�4�19.( ) TLB�Translation-Lookaside Buffer	�ì í c d e ü ý 
' ( \ ] �) � � * 
* Y Oñ Ï ��0 
� TLB ¾ /��ã ß ¾ /�\ ] ® ¯  � TLB ® ¯ ��ã ß ¾ /�\ ] ® ¯  
� TLB ® ¯ ��ã ß ® ¯ �\ ] ® ¯  � TLB ¾ /��ã ß ® ¯ �\ ] ¾ / 
�4�20.n , <�={ + c d e Ä Å G �� c d e � 20 GB
, �=>?O- . =>?HÂ t �/ 0 >?
1
=>?< 4GB�c d e w x 
ú û ü ý ¨ � 1GBRzØ Y '{ + c d e Ä Å G >?·/ 0 >?H��
c d w x 2 O9 h 0 
� 20GB
20GB � 19GB
19GB � 19GB
20GB � 19GB
15GB 
�3�21.n , ü ý �c d e < 128M=3 � R̂ _ ð � � 64=3 � 
� � \ ] - 32K ^ _ Â t Rn , O 24
0 * m Ü � \ ] � q 5 ! 
z6 7 �tag	8 u $ <9 ` 0 
� 5 � 6 � 7 � 8 
�2�22.( ) � �� � � � � 3 �Instruction-Level Parallelism	�W X
* Y Ý ¯ 0 
�µ Ð Ñ � � O� �� � � � � 3 � Æ 9 �Ö � . � 
�9 | } Ä Å G �� A : � ; O�� < ~ = 9 ��� � � � � >  
��� : ? � O�+ �� � � � � 3 �Ö � . � 
��� @ A �branch prediction	� �� � � � � 3 B C D `  
�1�23.( ) � ô E F? � �W X
* Y Ý ¯ 0 
�E F? � � A O G H E F G M : D I ? �� ' Î h 
 J �5 x  
�K L � B � �out of order execution	Ï �$ I &WAR�Write After Read	" #  
�K L � B � �out of order execution	Ï �$ I &WAW�Write After Write	" #  
�E F? � Ï �$ I &ñ M [ N ï �imprecise exception	 

 
 



�1�24.� I/O ü ý � O <�â Þ P 
T ü ý 1Cp Q � 50= I/O � R Rn , Þ P � S K A 10ms M T U �=
I/O � R 
zT I/O�Ø � �* 0 
� 0.5 � 0.05 � 0.2 � 0.02 
�1�25.�=. � �1 2 /�IF�Instruction fetch	�ID�Instruction decode and register file read	�EXE�Execution 

or address calculation	�MEM�Memory access	�WB�Write Back	
z BTB�Branch Target Buffer	4
y � V'W �� � /0 
� IF � ID � EXE � WB 
�1�26.( ) �\ ] c d e � X 3 É � 
* Y OM å æ ¾ /5 x �hit time	0 
�Y Z � �trace	\ ] c d e  �K [ \ � �non-blocking	\ ] c d e  
�1 2 3 �pipelined	\ ] c d e  �* ] � ¢ ^  ^  
�3�27._ ` m Ü � �fully associative	\ ] ñ $ I &( ) * + ® ¯ 0 
�a � > �Capacity	 �b c > �Compulsory	 � ! > �Conflict	 �d � 5 �Cold-start	 
�2�28.n � Ø _ ` m Ü � �fully associative	\ ] �>?< 216=3 � �� c d e 
' ( 64 =̂ _ �\ ] 


1=\ ] ^ _ e � 32=3 � 
� S � c d e <9 h ^ _ 0 
� 210 � 211 � 212 � 213 
�4�29.( ) W X* Y Z [ 0 
�� º CPI�Ä Å G �� � � \  �5 6 j � b \ �Ä Å G �� � � \  
� Amdahl � f ñ g '� � - h 5 @  � RISC Ù Â /�� à � �ð � ö O� i � 
�2�30.E F G É � ñ �å æ ( ) * Y 0 
�« ¬ " # �data hazard	 �5 6 j �  
��� � :   � ! " # �control hazard	 
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n , <�= . � �1 2 Á Â �IF�Instruction fetch	�ID�Instruction decode and register file read	�EXE
�Execution or address calculation	�MEM�Memory access	�WB�Write back	
V Á Â j � LW· SW
� c d e ª ] K 2 7 8 
 ' ( BNZ K 9 1 7 8 ï 
Ë k Ç h �operation	´ � 1=7 8 lV 1 2 Á Â �
m <Ì Í �forwarding	R< ' ( � � � '1 2 /B � � 

    Loop:  LW  R3, 0(R0) 

     LW  R1, 0(R3) 

     ADDI R1, R1, #1 

     SUB R4, R3, R2 

     SW  R1, 0(R3) 

     BNZ R4, Loop 

(�)� � � V Ð Ñ B � ��
 n ( o p q 1=5 6 7 8 r 1s �� t � �� � �(8�) 
           Clock cycles 

Loop:      1 2 3 4 5 6 7 8 9 10 11… 

LW R3, 0(R0)  F D E M �  �  W 

LW R1, 0(R3)   F… 

ADDI R1, R1, #1    F… 

SUB R4, R3, R2 

SW R1, 0(R3) 

BNZ R4, Loop 

 

(#)� S $ '¶ V =5 6 7 8 u BNZ�( � s �� 0(4�) 
(v)n , <�= w F�� @ A G 
' ID � � ; �[ x OÒ� y z �backward	��� 
� S $ '¶ V =
5 6 7 8 u BNZ�( � s �� 0(4�) 

(£)n , <�= E F�� @ A G 
� S $ '¶ V =5 6 7 8 u BNZ�( � s �� 0(4�) 
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<�=� { � { c d e 9 Ä Å G �symmetric shared-memory multiprocessors	
n , 3 � x1· x2'��

=\ ] ^ _ �cache block	/R¦ =^ _ � 5 ª 'ô | ú (process)P1· | ú P2�\ ] /
� Ä ô { + ê F

�share state	Rn , < n ( ß � ) � � ) %&
� µ 1�� ® ¯ �miss	 } � � ~ { ® ¯ �true sharing 

miss	�n { ® ¯ �false sharing miss	� O¾ /�hit	
� � XÅ - R� ^ _ ` a ��= 3 � 5 
H%&

� � * ® ¯ ´ � ~ { ® ¯ �true sharing miss	R 

5 x  P1 P2 

1 � ¢ x1  

2  � ] x2 

3 � ¢ x1  

4  � ¢ x2 

5 � ] x2  

 


