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“g a t e ” a s  
t h e  s w i t c h
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A Working Transistor (1/5)
� T r a n s i s t o r s  c o n s i s t  o f  t h r e e  t e r m i n a l s ;  t h e  s o u r c e ,  t h e  
g a t e ,  a n d  t h e  d r a i n :
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A Working Transistor (2 /5)
� I n  t h e  n -t y p e  t r a n s i s t o r ,  b o t h  t h e  s o u r c e  a n d  t h e  d r a i n  
a r e  n e g a t i v e l y -c h a r g e d  a n d  s i t  o n  a  p o s i t i v e l y -
c h a r g e d  w e l l  o f  p -s i l i c o n .
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A Working Transistor (3 /5)
� W h e n  p o s i t i v e  v o l t a g e  i s  a p p l i e d  t o  t h e  g a t e ,  
e l e c t r o n s  i n  t h e  p -s i l i c o n  a r e  a t t r a c t e d  t o  t h e  a r e a  
u n d e r  t h e  g a t e  f o r m i n g  a n  e l e c t r o n  c h a n n e l  b e t w e e n  
t h e  s o u r c e  a n d  t h e  d r a i n .   
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A Working Transistor (4 /5)
� W h e n  p o s i t i v e  v o l t a g e  i s  a p p l i e d  t o  t h e  d r a i n ,  t h e  
e l e c t r o n s  a r e  p u l l e d  f r o m  t h e  s o u r c e  t o  t h e  d r a i n .  I n  
t h i s  s t a t e  t h e  t r a n s i s t o r  i s  o n .   
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A Working Transistor (5/5)
� I f  t h e  v o l t a g e  a t  t h e  g a t e  i s  r e m o v e d ,  e l e c t r o n s  a r e  
n o t  a t t r a c t e d  t o  t h e  a r e a  b e t w e e n  t h e  s o u r c e  a n d  
d r a i n .  T h e  p a t h w a y  i s  b r o k e n  a n d  t h e  t r a n s i s t o r  i s  
t u r n e d  o f f .   
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Processor
(active)

Computer

Control
(“brain”)

Datapath
(“brawn”)

Memory
(passive)

(where 
programs, 
data 
live when
running)

Devices

Input

Output

Keyboard, 
Mouse

Display, 
Printer

Disk
(where 
programs, 
data 
live when
not running)

B asic  O rganiz ation of  Any  C om p u te r
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C om p u te r O rganiz ation
� C a p a b i l i t i e s  a n d  p e r f o r m a n c e  c h a r a c t e r i s t i c s  o f  
p r i n c i p a l  f u n c t i o n a l  u n i t s ,  e . g . ,  r e g i s t e r s ,  A L U ,  s h i f t e r s ,  
. . .

� W a y s  i n  w h i c h  t h e s e  c o m p o n e n t s  a r e  i n t e r c o n n e c t e d  
(structure)

� I n f o r m a t i o n  f l o w s  b e t w e e n  c o m p o n e n t s  ( d a ta ,  
d a ta p a th )

� L o g i c  a n d  m e a n s  b y  w h i c h  s u c h  i n f o r m a t i o n  f l o w  i s  
c o n t r o l l e d

� R eg i ster T ra n sf er L ev el (RT L ) d e s c r i p t i o n
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Wh at is C om p u te r Arc h ite c tu re ?

Co m p u t e r  A r c h i t e c t u r e   =  I n s t r u c t i o n  S e t  A r c h i t e c t u r e  +  M a c h i n e  O r g a n i z a t i o n

I/O systemProcessor

Compiler
Operating

System
(MS Windows)

Application (IE)

Digital Design
Circuit Design

Datapath & Control 

Transistors

MemoryHardware

Software Assembler
Instruction Set
A rch itecture

M a ch ine 
O rg a niz a tion
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i nstru c ti on set

s o f t w a r e

h a r d w a r e

Does i t h av e to 
b e h ardw are?

I nstru c tion S e t as an I nte rf ac e

� C o o r d i n a t i o n  o f  m a n y  l e v e l s  o f  a b s t r a c t i o n
Outline-19 Computer Architecture

C.T.King

High Level Language 
Program

Assembly  Language 
Program

Machine  Language 
Program

Control Signal 
Specification

Compiler

Assembler

Machine 
Interpretation

temp = v[k];
v[k] = v[k+1];
v[k+1] = temp;

lw $ 1 5 , 0 ( $ 2 )
lw $ 1 6 , 4 ( $ 2 )
s w $ 1 6 , 0 ( $ 2 )
s w $ 1 5 , 4 ( $ 2 )

0000 1001 1100 0110 1010 1111 0101 1000
1010 1111 0101 1000 0000 1001 1100 0110 
1100 0110 1010 1111 0101 1000 0000 1001 
0101 1000 0000 1001 1100 0110 1010 1111 

�

�

ALUOP[0:3] <= InstReg[9:11] & MASK

ISA

Anoth e r P e rsp e c tiv e
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“. . .  t h e  a t t r i b u t e s  o f  a  [ c o m p u t i n g ]  s y s t e m  a s  s e e n  b y  t h e  
p r o g r a m m e r ,  i.e.  t h e  c o n c e p t u a l s t r u c t u r e  a n d  f u n c t i o n a l b e h a v i o r ,  a s  d i s t i n c t  f r o m  t h e  o r g a n i z a t i o n  o f  t h e  d a t a  f lo ws  a n d  c o n t r o ls ,  t h e  lo g i c  d e s i g n ,  a n d  t h e  p h y s i c a l i m p le m e n t a t i o n . ” — A m d a h l,  B la a w,  a n d  B r o o k s ,   1 9 6 4
� O rg a niz a tion of  P rog ra m m a b l e

Stora g e
� D a ta  T y p es a nd  D a ta  Structures:

E ncod ing s a nd  R ep resenta tions
� Instruction Set 
� Instruction F orm a ts
� M od es of  A d d ressing  a nd  A ccessing  D a ta  Item s a nd  Instructions
� E x cep tiona l  C ond itions

SOFTWARESOFTWARE

I nstru c tion S e t Arc h ite c tu re  (I S A)
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M I P S  R 3 0 0 0  I S A
� I n s t r u c t i o n  c a t e g o r i e s :

� L o a d / S t o r e
� C o m p u t a t i o n a l
� J u m p  a n d  B r a n c h
� F lo a t i n g  P o i n t
� c oproc essor

� M e m o r y  M a n a g e m e n t
� S p e c i a l

R0 - R31

PC
HI
LO

OP

OP

OP

rs rt rd sa funct

rs rt immediate

jump target

3 Instruction Formats: all 32 bits wide

Registers
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D i g i t a l  A l p h a (v 1,  v 3) 19 9 2-9 7
H P  P A -RI SC (v 1. 1,  v 2. 0 ) 19 86-9 6
Su n  Sp a r c (v 8,  v 9 ) 19 87-9 5
SG I  M I P S (M I P S I ,  I I ,  I I I ,  I V ,  V ) 19 86-9 6
I n t e l (80 86, 80 286, 80 386, 19 78-

80 486, P e n t i u m ,  M M X ,
SI M D ,  I A -64,  . . . )

E x am p l e  I S A
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Wh y  D o C om p u te r Arc h ite c tu re ?
� RA P I D  C H A N G E S
� I t  i s  e x c i t i n g !
� I t  h a s  n e v e r  b e e n  m o r e  e x c i t i n g !
� I t  i m p a c t s  e v e r y  o t h e r  a s p e c t  o f  e l e c t r i c a l  
e n g i n e e r i n g  a n d  c o m p u t e r  s c i e n c e
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C ou rse  Ad m inistration:  C S 4 10 0 -0 1
� � � � �� � � �� � � �� � � � : � � �� � �� � �� � �

� � � �� � �� � �� � �: � �� �� �� � 443 � �� �� �� � : 280 4
e m a i l : k i n g @ c s . n t h u . e d u . t w

� � �� �� �� � : ���� ! � " # $ ! � " # $ ! � " # $ ! � " # $ %%%%

� C S410 0 -0 1: & ' (& ' (& ' (& ' (

� ) � * +) � * +) � * +) � * + :
� C S410 0 -0 1: , - ., - ., - ., - . 10 :10 -12:0 0   

, - /, - /, - /, - / 10 :10 -11:0 0
� ) � 0 1) � 0 1) � 0 1) � 0 1 : � � 2� � 2� � 2� � 2 127����
� � " # $� " # $� " # $� " # $ :      
h t t p :/ / w w w . c s . n t h u . e d u . t w / ~ k i n g / c o u r s e s / c s 410 0 . h t
m l
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C ou rse  Ad m inistration:  C S 4 10 0 -0 2
� � � � �� � � �� � � �� � � � : 3 4 43 4 43 4 43 4 4

� � � �� � �� � �� � �: � �� �� �� � 442 � �� �� �� � : 1310
e m a i l : t i n g t i n g @ c s . n t h u . e d u . t w

� � �� �� �� � : ���� ! � " # $ ! � " # $ ! � " # $ ! � " # $ %%%%

� C S410 0 -0 2: t o  b e  a n n o u n c e d
� ) � * +) � * +) � * +) � * + :

� C S410 0 -0 2: , - ., - ., - ., - . 10 :10 -12:0 0   
, - /, - /, - /, - / 10 :10 -11:0 0

� ) � 0 1) � 0 1) � 0 1) � 0 1 : � � 2� � 2� � 2� � 2 131����
� � " # $� " # $� " # $� " # $ :      
h t t p :/ / w w w . c s . n t h u . e d u . t w / ~ t i n g t i n g / c s 410 0 . h t m l
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Te x t B ook
C o m p uter O rg a n i z a ti o n  a n d  D esi g n :  T h e 

H a rd w a re/ S o f tw a re I n terf a ce ,  2n d  e d . ,
D a v i d  P a t t e r s o n  a n d  J o h n  H e n n e s s y ,  19 9 8

� � � � �

� � � � �� � � � �� � � � �

� �� �� �� �
RISC, RAID
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Top ic s C ov e re d
C o m p uter O rg a n i z a ti o n  a n d  D esi g n :  T h e 

H a rd w a re/ S o f tw a re I n terf a ce ,  2n d  e d . ,
D .  P a t t e r s o n  a n d  J .  H e n n e s s y ,  19 9 8

T o p i c C h a p t e r
I n t r o d u c t i o n 1
T h e  Ro l e  o f  P e r f o r m a n c e 2
I n s t r u c t i o n s : L a n g u a g e  o f  t h e  M a c h i n e 3
A r i t h m e t i c  f o r  C o m p u t e r s 4
T h e  P r o c e s s o r : D a t a p a t h a n d  C o n t r o l 5
E n h a n c i n g  P e r f o r m a n c e  w i t h  P i p e l i n i n g 6
E x p l o i t i n g  M e m o r y  H i e r a r c h y 7
I n t e r f a c i n g  P r o c e s s o r s  a n d  P e r i p h e r a l s 8
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P re re q u isite
� P r e r e q u i s i t e  c o u r s e s :

� L o g i c  d e s i g n ,  a s s e m b ly  la n g u a g e  a n d  s y s t e m  
p r o g r a m m i n g

� B a s i c  m a c h i n e  s t r u c t u r e
� P r o c e s s o r ,  m e m o r y ,  I / O

� Re a d  a n d  w r i t e  b a s i c  C  p r o g r a m s
� Re a d  a n d  w r i t e  i n  a n  a s s e m b l y  l a n g u a g e

� M I P S  p r e f e r r e d
� U n d e r s t a n d  t h e  c o n c e p t  o f  v i r t u a l  m e m o r y
� L o g i c  d e s i g n

� L o g i c  e q u a t i o n s ,  s c h e m a t i c  d i a g r a m s ,  f i n i t e  s t a t e  
m a c h i n e
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E x p e c te d  C ou rse  Workl oad
� L e a r n  M I P S i n s t r u c t i o n  s e t
� L e a r n  p r o c e s s o r  e m u l a t o r s  a n d  b e n c h m a r k i n g
� 6 h o m e w o r k  a s s i g n m e n t s  (1 p e r  2 w e e k s )

� E a c h  a s s i g n m e n t  i s  a  m i x t u r e  o f  d e s i g n ,  c a lc u la t i o n ,  
p r o g r a m m i n g ,  m e a s u r e m e n t ,  a n d  d i s c u s s i o n  p r o b le m s

� A s s i g n m e n t s  wi ll b e  p o s t e d  o n  t h e  c o u r s e  h o m e p a g e
� I n d e p e n d e n t  o f ,  b u t  c o m p le m e n t ,  e x a m i n a t i o n s

� O n e  m i d -t e r m  a n d  o n e  f i n a l  e x a m i n a t i o n
� G r a d e  b r e a k d o w n

� H o m e wo r k  A s s i g n m e n t s 3 5 %
� M i d t e r m  E x a m :  3 0 %  ( 1 1 / 9 / 2 0 0 4 )
� F i n a l E x a m : 3 5 % ( 1 / 6 / 2 0 0 5 )
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C ou rse  P rob l e m s
� C a n n o t  t u r n  i n  h o m e w o r k  o n  t i m e

� N o  la t e  h o m e wo r k  i s  a c c e p t e d
� F o r g o t  t o  t u r n  i n  h o m e w o r k /  D o g  a t e  c o m p u t e r

� ? ? ?
� W h a t  i s  c h e a t i n g ?

� S t u d y  t o g e t h e r  i n  g r o u p s  i s  e n c o u r a g e d
� W o r k  m u s t  b e  y o u r  o wn


