
CS4100: CS4100: ����������������������������������������

I n t r o d u c t i o nI n t r o d u c t i o n

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

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

Adapted from class notes of D. Patterson and W. Dally
C opyri g h t 1 9 9 8 ,  2 0 0 0  U C B

Also from h i story ti meli ne ( w w w .compu ter.org )

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

Introduction-2 Computer Architecture
C.T.King

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

��������	��������	��������	��������	…

����������������

Introduction-3 Computer Architecture
C.T.King





��������� � � � �� � � � �� � � � �� � � � � ?
� A device that computes, especially a pr og r ammab le
electr on ic machin e that per f or ms hig h-speed 
mathematical or  log ical oper ation s or  that 
assemb les, stor es, cor r elates, or  other w ise 
pr ocesses in f or mation
-- The American Heritage Dictionary of the English 
L angu age, 4 th E dition ,  2 0 0 0
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� � � � � � � � �� � � � �  ! "� � � � � � � � �� � � � �  ! "� � � � � � � � �� � � � �  ! "� � � � � � � � �� � � � �  ! "

� S pecial-pur pose ver sus g en er al-pur pose
� N on -pr og r ammab le ver sus pr og r ammab le
� S cien tif ic ver sus of f ice data pr ocessin g
� M echan ical, electr omechan ical, electr on ic, …

Tabulating machine
( H .  H o ller ith,  1 8 8 9 )

H ar v ar d  M ar k  I
( I B M ,  H .  A ik en,  1 9 4 4 )

D if f er ence E ngine
( C .  B abbage,  1 8 2 2 )
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� � � � �� � � �� � � �� � � � 				E N I AC  (Electronic N u merical I ntegrator and  C alcu lator)
� W or k  star ted in  1 9 4 3  in  M oor e S chool of  E lectr ical E n g in eer in g  at the U n iver sity of  P en n sylvan ia, b y J ohn  M auchly an d J .  P r esper E ck er t
� C ompleted in  1 9 4 6
� 



2 5 � � � � � � � �  ����2 . 5 � � �� � �� � �� � �
� 2 0  1 0 -dig it r eg ister s, each 2  f eet
� � �� �� �� � 1 8 ,0 0 0 � � � �� � � �� � � �� � � �(electr on ic sw itches, 1 9 0 6 �� ��� ��� ��� � )
� � � � �� � � �� � � �� � � � 1 9 0 0 � � �� � �� � �� � �
� P r og r ammin g  man ually b yplug g in g  cab les an d settin gsw itches
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E N I A C
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� B y W .  S hock ley, J .  
B ar deen , W .  B r attain of  
B ell L ab .  in  1 9 4 7
� M uch mor e r eliab le 
than  vacuum tub es

� E lectr on ic sw itches 
in  “solids”
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/ 0 1��2 3 4 5 6/ 0 1��2 3 4 5 6/ 0 1��2 3 4 5 6/ 0 1��2 3 4 5 6

U N I V A C  ( R emingto n-R and ,  1 9 5 1 )

I B M  7 0 1  ( I B M ,  1 9 5 2 )
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7 8 �- . 9 ��: ; < ! =7 8 �- . 9 ��: ; < ! =7 8 �- . 9 ��: ; < ! =7 8 �- . 9 ��: ; < ! =

� E x . :  I B M  1 4 0 1  (I B M , 1 9 5 9 )

This is how 
I B M  is c a l l e d  
“B ig  B l u e ”!
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��> ? 9 @ ��A B ���> ? 9 @ ��A B ���> ? 9 @ ��A B ���> ? 9 @ ��A B � I C
� 1 9 5 8 ��  ! " � # $��  ! " � # $��  ! " � # $��  ! " � # $ J ack  K ilb y:  in teg r ated a 
tr an sistor  w ith r esistor s an d capacitor s on  a sin g le 
semicon ductor  chip, w hich is a mon olithic I C
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C D �9 �- . E F GC D �9 �- . E F GC D �9 �- . E F GC D �9 �- . E F G I C 1111. . .
� 1 9 7 1 �% � � & ' ( "�% � � & ' ( "�% � � & ' ( "�% � � & ' ( " 				I n tel 4 0 0 4

� 108 KHz, 0.06 MIPS
� 2 3 00 t r a n s i s t o r s  ( 10 m i c r o n s )
� B u s  w i d t h :  4  b i t s
� Me m o r y  a d d r .:  64 0 b y t e s
� F o r  B u s i c o m c a l c u l a t o r
( o r i g i n a l  c o m m i s s i o n  w a s
12  c h i p s )
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H I J K L M ,H I J K L M ,H I J K L M ,H I J K L M , . . .
� 1 9 7 7 ����Apple I I :  S teve J ob s, S teve W oz n iak
M otor ola 6 5 0 2  C P U , 4 8 K b  R AM
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N ON ON ON O P C
� 1 9 8 1 ����I B M  P C :  I n tel 8 0 8 8 , 4 . 7 7 M H z , 1 6 K b  R AM , 
tw o 1 6 0 K b  f loppy disk s

) * + , & -) * + , & -) * + , & -) * + , & -
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�P Q R S T : U � �  ! "�P Q R S T : U � �  ! "�P Q R S T : U � �  ! "�P Q R S T : U � �  ! "

� 1 9 7 3 :  R esear cher s at
X er ox  P AR C  developed
an  ex per imen tal P C :  Alto
� Mo u s e , E t h e r n e t ,
b i t -m a p p e d  g r a p h i c s , i c o n s ,
m e n u s , W Y SIW G  e d i t i n g  

� H osted the in ven tion  of :  
� L o c a l -a r e a  n e t w o r k i n g  
� L a s e r  p r i n t i n g  
� A l l  o f  m o d e r n  c l i e n t  /  s e r v e r
d i s t r i b u t e d  c o m p u t i n g  
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VVVVP C W X Y Z � 8 9 [ \W X Y Z � 8 9 [ \W X Y Z � 8 9 [ \W X Y Z � 8 9 [ \ - - ] 8 ^ _] 8 ^ _] 8 ^ _] 8 ^ _

� 1 9 7 9 :  1 st electr on ic spr eadsheet (V isiC alc f or  
Apple I I ) b y D on  B r ick lin an d B ob  F r an ston
� “T h e  k i l l e r  a p p l i c a t i o n  f o r  e a r l y  PC s ”
� F o l l o w e d  b y  d B A SE II, ...
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8 0 �b�b�b�b ((((I C 9 c W d G9 c W d G9 c W d G9 c W d G V L S I
� N ew  pr ocessor  ar chitectur e w as in tr oduced:
R I S C  ( R ed u ced  I nstru ction S et C omp u ter)
� IB M:  J o h n  C o c k e
� U C  B e r k e l e y :  D a v i d  Pa t t e r s o n
� St a n f o r d :  J o h n  He n n e s s y

� C ommer cial R I S C  pr ocessor s ar oun d 1 9 8 5
� MIPS:  MIPS
� Su n :  Sp a r c
� IB M:  Po w e r  R ISC
� HP:  PA -R ISC
� D E C :  A l p h a

� T hey compete w ith C I S C  (complex  in str uction  set 
computer ) pr ocessor s, main ly I n tel x 8 6  pr ocessor s, 
f or  the n ex t 1 5  year s
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S u m m a r y :  T e c h n o l o g y  a n d  C o m p u t e r s
� C omputer  g en er ation  accor din g  to techn olog y:

Generation D ate T ec h nol og y  
R el ativ e 

P erf orm anc e 
p er u nit c os t 

1 19 5 0 -19 5 9  V a c u u m  
tu b e s  1 

2 19 6 0 -19 6 8  T r a n s i s to r s  35  
3 19 6 8 -19 7 7  I C  9 0 0  
4 19 7 8 -? L S I / V L S I  2, 40 0 , 0 0 0  
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W h y  D o  I  W a n t  t o  K n o w  H i s t o r y ?

Computer 
A rc h i tec tApplications

Technology Interfaces (ISA)

Machine Organization

Measurement &
Evaluation

IS
A

A
P

I

Li
nk

I/O
 C

ha
n

Regs

IRH i s tori c
B a c k g roun d ,

T ren d
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I n  F a c t ,  A r c h i t e c t u r e  D e s i g n  I s  a n  I t e r a t i v e  P r o c e s s

N ew  c on c epts  
c rea ted

E s ti ma te
Cos t &  

P erf orma n c e
S ort

Good 
i de a sM e di oc r e  

i de a sB a d i de a s

-- s e a r c h i n g  t h e  s p a c e  o f  p o s s i b l e  d e s i g n s
-- a t  a l l  l e v e l s  o f  c o m p u t e r  s y s t e m s

H i s t o r i c a l  b a c k g r o u n d  
a n d  u n d e r s t a n d i n g  o f  
t r e n d s  h e l p  t h e  
s e l e c t i o n  p r o c e s s
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O u t l i n e
� C omputer :  A histor ical per spective
� F or ces b ehin d computer  evolution  an d desig n

� Su p p l y :  t e c h n o l o g y , a r c h i t e c t u r e
� D e m a n d :  a p p l i c a t i o n s

� I mplemen tation  techn olog y an d its tr en ds
� Application s of  pr ocessor s
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L e t ’s  S t a r t  w i t h  P r o c e s s o r  P e r f o r m a n c e
2X  /  1 . 5 -2y e a r s

(“T h e  C o o l e r  t h e  B e t t e r :  N e w  D i r e c t i o n s  i n  t h e  N o m a d i c  A g e s , ” Computer ,  A p r i l  2 0 0 1 . )
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Why Such Changes?
Several factors:
� I C  tech n olog y :
clock rate, power, transistors per chip⇓ enable

� C om p u ter arch i tectu re:
pipeline, cache, M M X , instru ctions per cy cle⇓ s u p p o r t ed  by

� M ass m ark et:
m arket share, rev enu e, applications

L et’s ex am i n e I C  tech n olog y  fi rst . . .
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O ut l i ne
� C om pu ter:  A  historical perspectiv e
� F orces b ehind  com pu ter ev olu tion and  d esig n

� Supply: technology, architecture
� D em and : applications

� I m plem entation technolog y  and  its trend s
� A pplications of  processors
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V L SI  I C T echno l o gy

1 01 097W iring  lev els
0 . 60 . 81 . 01 . 2S u pply  v oltag e(V )
0 . 5 44. 3 12497M P U  cost

(m icrocent/ trans)

0 . 0 420 . 3 41 . 97. 7D R A M  cost
(m icrocents/ b it)

28 . 81 1 . 55 . 21 . 7C lock (G H z )
22458 01 3 0L ine wid th (nm )
20 1 620 1 020 0 520 0 1

cost per transistor↓ ch ip d ensity ↑
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L i ne Wi d t h/ F eat ur e Si z e
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size

Year

1000

10000

100000

1000000

10000000

100000000

1000000000

1970 1975 1980 1985 1990 1995 2000

year size(Mbit) 
1980 0.0625
1983 0.25
1986 1
1989 4
1992 16
1996 64
2000 256

1.4X/yr, or doubling 
every 2 years
4000X since 1980

T echno l o gy T r end s:  M em o r y Cap aci t y ( 1  Chi p  D R A M )
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2X  transistors/ chip
ev ery  1 . 5  y ears
C alled

T echno l o gy T r end s:M i cr o p r o cesso r  Cap aci t y
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T echno l o gy = >  D r am at i c Change
� P rocessor

� 2 X  in s peed  ev ery 1 . 5  years ;  1 0 0 X  in las t d ecad e
� M em ory

� D R A M  capacity: 2 x  /  2  years ;  6 4 X  s iz e in las t d ecad e
� C os t per b it:  im prov es  ab out 2 5 %  per year

� D isk
� C apacity: >  2 X  ev ery year;  1 2 0 X  in las t d ecad e
� C os t per b it:  im prov es  ab out 1 0 0 %  per year

� S tate-of -the-art P C  when y ou  g rad u ate:
� Proces s or clock : 4 . 0  G H z
� M em ory capacity: 1 . 0  G B ytes
� D is k  capacity: 1 . 0  T eraB ytes
� N ew  units !  M ega = >  G iga, G iga = >  T era
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T echno l o gy P r o gr ess:  I m p l i cat i o n
� M inim u m  f eatu re siz e:  halv e ev ery  7 y ears

� O(n2 )  w ith res pect to trans is tor count and  O ( n)  w ith 
res pect to s w itching tim e
� O (n3 )  i m p r o v e i n c o m p u t i ng  w i t h  li t h o g r ap h y

� Pow er d is s ipation
� D ie siz e:  X 2 ev ery  3  y ears

� O(n2 )  w ith res pect to trans is tor count
� O thers:  prov id e one-tim e im prov em ent
� P rice:  lower costs d u e to 

� Sim pler d ev elopm ent and  higher v olum es  w ith C M O S
�Highly integrated chips with improved speed, 

reliab ility, cost, f u nctionality
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Microprocessors

Min icom pu t ers

Ma in f ra m es
S u percom pu t ers

1 9 9 5
Yea r

1 9 9 01 9 7 0 1 9 7 5 1 9 8 0 1 9 8 5

Lo
g 

of
 P

er
fo

rm
an

ce

RISC
i n t r o d u c t i o n

T echno l o gy E nab l es A r chi t ect ur al  I nno v at i o n
� A n ex am ple:

x 8 6  ( P e n t i u m )  
s t a r t s  f o l l o w i n g  
t h e  s a m e  r a t e
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O ut l i ne
� C om pu ter:  A  historical perspectiv e
� F orces b ehind  com pu ter ev olu tion and  d esig n

� Supply: technology, architecture
� D em and : applications

� I m plem entation technolog y  and  its trend s
� A pplications of  processors
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Co m p ut er  P r o gr ess Sup p o r t ed / D r i v en b y M ar k et  and  U sage
� A pplications d riv e m achine “b alance”

� N um erical s im ulations : f loating-point, m em ory B W
� T rans action proces s ing: I / O , I N T  perf orm ance
� M ed ia proces s ing: low -precis ion ‘pix el’ arithm etic

� A pplications d riv e m achine perf orm ance
� W hat if  m y com puter runs  all m y s of tw are v ery f as t?
� Program s  us e increas ing am ount of  m em ory:

� 1 . 5 -2  p er  y ear ,  o r  0 . 5 -1  ad d r es s i ng  bi t  p er  y ear
� H igh-lev el program m ing languages  replace as s em b ly 
languages  = >  com pilers  im portant
� C o m p i ler  and  ar c h i t ec t u r e w o r k  t o g et h er

� E f f ects of  com patib ility  and  ease of  u se
� E f f ects of  m arket d em and s and  m arket share

� C an inv es tm ent in R & D , prod uction b e paid  of f ?
Introduction-37 Computer Architecture
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Co m p ut er  U sage:  G ener al  P ur p o se
� U ses:  com m ercial (int. ) , scientif ic (F P , g raphics) ,  
hom e (int. , au d io, v id eo, g raphics)
� Sof tw are com patib ility is  the m os t im portant f actor
� Short prod uct lif e;  higher price and  prof it m argin
� O S is s ue: O S s erv es  another interf ace ab ov e arch.

� E f f ec t s  o f  O S  d ev elo p m ent s  o n ar c h i t ec t u r e
� R I S C -bas ed  U ni x  w o r k s t at i o n v s x 8 6 -bas ed  P C :  ( 1 )  

u ni t s  s o ld  i s  o nly  1 %  o f  P C ’s ,  ( 2 )  em p h as i z e m o r e o n 
p er f o r m anc e t h an o n p r i c e
� survive only if performance is high enough?
� effect s of L inux -b ased  P C s?

� F u tu re:
� U s e increas ed  trans is tors  f or perf orm ance, hum an 
interf ace ( m ultim ed ia) , b and w id th, m onitoring
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Co m p ut er  U sage:  E m b ed d ed
� U ses:  control (traf f ic, printer, d isk) ;  consu m er 
electronics (v id eo g am e, C D  play er, P D A )

Lego M i n d s t or m s

R o b o t i c  c o m m a n d  e x p l o r e r :
A  “P r o g r a m m a b l e  B r i c k ”,
H i t a c h i  H 8  C P U  ( 8 -b i t ) , 3 2K B  R A M ,
L C D , b a t t e r i e s ,
i n f r a r e d  t r a n s m i t t e r / r e c e i v e r ,
4  c o n t r o l  b u t t o n s , 6  c o n n e c t o r s
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E m b ed d ed  Co m p ut er s
� T y pically  w/ o F P  or M M U , b u t integ rating  v ariou s 
peripheral f u nctions, e. g . , D S P
� L arge v ariety in I SA , perf orm ance, on-chip 
peripherals

� C om patib ility is  non-is s ue, new  I SA  eas y to enter, 
low  pow er b ecom e im portant

� M ore architectu re and  su rv iv e long er:
4- or 8 -b it m icroprocessor still in u se
(8 -b it f or cost-sensitiv e, 3 2-b it f or perf orm ance)

� L arg e v olu m e sale (b illions)  at low price ($ 40 -$ 5 )
� 1 9 9 5  # 1 : x 8 6 ;  # 2 : 6 8 0 0 ;  # 3 : H itachi SuperH ( Sega)
� O thers : M I PS, StrongA R M , PA -R I SC

� T rend :  lower cost, m ore f u nctionality
� s ys tem -on-chip, µP core on A SI C
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Sum m ar y
� C om pu ter architectu re stu d ies instru ction set 
architectu re and  com pu ter org aniz ation

� I nstru ction set architectu re is ab ou t interf ace
� A ll com pu ters consist of  f iv e com ponents:

� Proces s or: ( 1 )  d atapath and  ( 2 )  control
� ( 3 )  M em ory
� ( 4 )  I nput d ev ices  and  ( 5 )  output d ev ices

� A rchitectu re d esig n is an iterativ e process;  m u st 
consid er:
� D ev ice technology
� A pplication and  m ark et
� Perf orm ance ev aluation


