Computer Organization
and Design

Chl: Computer Abstractions and
Technology

TFEAVLRSGEM SRR

° Basic Ideas and Definition

° Major Components of Software/Hardware

° Computer Revolution
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o HEMEEH:: CPU+MM+1/O

o THEHLBAE: RGEEAM+N AT
© BB HEHUR IR
DBl FEVBEG MR RERD: IBRRA
BB VHEYUR A AT AT

* BB THEHLA R SE

o IASTHFITIFENERINL: BEKES S/
e IBM360RFINL: FIAFEM (RFIPD &
« DEC PDP-8: B A SZk4i

T RN ARIEAE

« Computer Architecture =

ISA

Organization
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AlEi: Computer System

> Computer System = Hardware + Software

° Hardware (tangible objects E &K 2%4F)
e.g integrated circuit, printed circuit board,

cables,power supplies,memories,printer

° Software (encoded symbol Xf#Z MBS 3ATHRF 5 Zmil)
= Software=program-+document
=program = algorithms+data

=program H#HFT&IESEGER) A RK
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Jini. Hardware

Computer

Processor

‘ Control I

Datapath

Memory

Devices

Input

Output

[
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alEn:  functional component-1

Processor (CPU - Central Processing Unit)
“Brain” of the computer
e Function: Execute programs
 Form: Control Unit + Data path (ALU+Registers)

- Control Unit: fetching instruction, decode
Instruction

- ALU(Arithmetic Logic Unit): perform operations
+,-,*,/, And, Or, Move etc
- Registers: store temporary results and control info
» GRS(General Register Set): store operands and results
= PC(Program Counter): point to the next instruction
» |R(Instruction Register): hold the current instruction
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alE:  functional component-2

o

Memory
“warehouse” of the computer
e Function: store programs and data

« Form(Hierarchies): Primary + Secondary

- Primary memory: Cache + Main memory (MM)
= Cache: store the most heavily used word
= MM: store the program to be started and its data

- Secondary Storage: Magnetic disk,Tape,Optical disk
= Magnetic disk: store all info inside a computer
= Tape or Optical disk: for archival storage
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[ Memory Hierarchies

Storage capacity: larger
J pacity J Register

Access frequency: fewer

Cache

Main memory \
Magnetic disk \

Tape Optical disk \

20084E3H28HEHH

Speed: Slower

Cost: cheaper
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. functional component-3

° Input/Output (1/0O)
« Function: #5875 57
e Form: controller + I/O device itself

- Controller: Z#IF &, THSEVIN. SFEZ0FIEE
- 1/O device: Input or Output (e.g Print or display
etc)
= Keyboard
= Printer
= Display (CRT Monitor) etc
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dli. BUS: Interconnection

Proc
Caches
Busses
‘ adapters
Memory ;‘ﬁ
Controllers
. Disks ‘ ‘ ‘
/0O Devices: -
Displays ‘ Network ]
Keyboards SIVOTRS

SKIP
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DVD drive
power supply

Zip drive
fan with cover
motherboard
Hard
drive
20084F3 A28 F EHIF
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Al JE: A EAL

How do you build systems with >16 components?

Personal Computer: Circuit Poard: Integrated Circuit:
Hardware & Software =8 [ system =5-16 / PCB
1-2G devices 25M-16M devices =8-16 /1C

100K devices

- : -:
| : i 4
¢ / Colk
- =“AK-10K / Module
Gate: 16-64 devices

=2-16 / Cell
8 devices

MOSFET

Scheme for
representing
information
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alJini:  Integrated Circuits manufacturing process

R /G

AT (6/8/12~F,JEJEA & 1mm)
Silicon ingot Blank wafers

l

Tested Individual dies

%Eﬂi I:c-ng.wiafari Pattemed wafers
: = ld : ld d
Bond die to '-.ﬂ B . Die -l—"iﬂ B +— | Dicer
package If..f taster ﬂf'I-ﬂ
W = A
l B 1 IC/NY S
Kbl
Packaged dies Tested packaged dies
[5/|[=1) 5] w | Part I-IEIIEIm » | Ship to custome
ip rs
(5] | ]| [E] tester 5 [ |E

B R e AE B ek R i b, ST B R

Chapter 1 .12
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Pent1 UMAE N &) 2 3230 HE 4

Die Area: 91 mm?

1128 inch(200mm)i)
Waferii; % 1/ {ii 196-~Die

= 3,300,000 Transistors

Cache: =1M Transistors

296 Pins



Pent jUMProAE s s e &= F3h A1
T » Die Area: 306 mm?

£ 1£8 inch(200mm)/f
Waferly; % r] {ii 78/*Die

= 9,900,000 Transistors

Cache: =1M Transistors

External Cache:

31M Transistors
PentiumPro Package =
PentiumPro+ExternalCache

387 Pins
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Pentium4AbE

Chapter 1 .15

Control
Control /o
interface
Instruction cache
Data
cache
Enhanced
floating point
and multimedia Integer
datapath
Secondary
cache
and
memory
Control interface
Advanced pipelining
hyperthreading support b
Back 20084F3 A28 EWIE




Hardware/Software Interface

High Level Language
Program

Compiler

Assembly Language
Program

Assembler

Machine Language
Program

Control Signal
Specification

Chapter 1 .16

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

w$15, 0($2)
w$16, 4($2)

SW $16, 0(%$2)
sw  $15. 4($2)

coooQ 1001 1109 0119 101a 1111 Slol 1000
1c1a 1111 910l 1000 Coood 1001l 1100 31140
110a ©0l11d 1019 1111 Cl10l 1o0d Qoo 1001
o100l 1ocd oood 1001 1100 9119 19010 1111

Machine Interpretation

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

Back
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o|Ji.  Software

° System software - fEifbgafEiife, AR TR A A0R
« MYERS (Operating System) : /A JFEFE, HH ) #0
o iES AR Translator & Interpreter

- FIEFE/F (Translator , e.g Complier, Assembler): /&
HiZ B IR/ E ) H /7. 4I: C++, Fortran, MASM

- EFEFRSF (nterpreter ) . HEEN B IE SHEBENIT. -
BASIC, Java

« HAMSCHMER: W: Linker, Debug, Loader, etc
° Application software - fi# J 5 AR A r] 8B 56 pl EAR R FHAF5%

 Programs for processing Word/ Image/ Graphics/...

« Management Information System (MIS)

e Game, etc

Chapter 1 .17 20084E3H28HEHH



ol i Hardware/Software Interface

(e
software ~ \wj\/

instruction set

-

hardware

The Instruction Set Architecture (ISA): I8 & EE R 451
PLAR1E S HIe AR, Besil it EREPIT

[
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alii: Computer Hierarchy

° Co-ordination of levels of abstraction
End User

Application
Programmer | Application System Administrator

System \ ‘ | Operating'

Programmer System

- Instruction Set

CPU MM /0 Architecture

Digital Design

Circuit Design

° LRSHKETENRENZIREW (52 RIS RMEFRIAZF D
> ARIHP TEEARER, FrE2IREEIA
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A R G0 R 2H

"N
CPU
register file
PC r :: AL
—
— Syﬁt?m bus memaory bhus MM
o main
Memory Interface < > bridge { : : :: mMemory

2N

! | 110 bus | Expansion slots for
other devices such

UsB graphics disk as network adapters.
controller adapter controller

keyboard @
@ ‘ hello execuiable

stared on disk

=

Input/Output

PC: FERiH%i8%; ALU: BEARZHEIL; USB: BHBITEREZ

Chapter 1 .20 20084E3H28HEHH



_‘/l\ - j:ﬂ%%? E‘J%*ﬁ%%ﬁiﬁ:%ﬁ

Z M hello.c " C-IEEF hello.cJASCIXC AR
1 #include <stdio.h> # 1 n c | u d e <sp> < s t di o .
5 35105 110 99 108 117 100 101 32 60 115 116 100 105 111 46
- - h >\n \n i nt <sp>main () \n{
j'nt main() 104 62 10 10 105 110 116 32 109 97 105 110 40 41 10 123
{_ . \n <sp> <sp><sp><sp>printf (" hel
5 printf("hello, world\n"); 10 32 32 32 32 112 114 105 110 116 102 40 34 104 101 108
6} | o , <sp> w o r I d\ n "™ ) ; \n }
T 108 111 44 32 119 111 114 108 100 92 110 34 41 59 10 125

i “hello,world”
printf.o

pre-

hello.c hello.i | compiler | hello.s |assembler| hello.o ™| linker | hello
———p{ Processor ———p ccl) T @) " (4 I
cpp) . |
SOUrce (cpp modified assembly relocatable execufable
program source program object object
(text) program (text) pragrams program

(text) (binary) (binary)

Chapter 1 .21 20084E3H28HEHH



Hello 2 F A TiL 2

Unix R4 )8 s PUTHEFhellofshel 47417 :

unix> ./hello [Enter]
hello, world
unix>

HellofeFr# B sha, THENKsIEERET .

Chapter 1 .22

Shel RPN F AT 8 /hello” F&E-FRTRIF 4%, REHFREI T,

“Enter” 8N\ J5, shelliB#EEHFFHIFRFE hello” BIREFL IR FFr 2 i)
hello B#s3XfF, BEAESHHESBEBAEIE (“hello, world\n” ) MEEELEE
BT 17;

b EEA% Mhello EREFF RIS AT 1RTHAT 5

HelloF2F ¥ hello, world\n” A N EF B TS, BNTFESM
H 2 B b

200843 H28HE#IH



Hellof2 B Emsh I

Red: shellfr$4T4b3HE

CPU
register file Blue: RJHAT XN

) Cyan: helloFE AT I 2
— |

) Tﬁt | system bus memory bus

= i__-"'- : uhe”On

!m_ - fie] main
Memary 'TL =l bridge {—u 15| memory |“hello,world/n”

< | ——{HH>
41/\_, SR 4} Expansion slots for

other devices such

us graphics disk as network adapters.
controlsr adapter controller
mouse keyboard display ;;—_—E—_—;.
“hello” “hello,world/n” disk | HelloRI AT ICHF

B2 1 R AR A . BOMAHHE L £ TR B AR |
A S A AR CPUBITIE S BT A O 0 3 B MO M F AT 10
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BIERBEREFATE IR FI1ER

° FEHelloFEFHATEREF, HelloFEFASEA HEV R, Bads. BEMEAMESIXE
TECFBRIR, TR K EEBRAE R IR AL A AR 55 R 18148 7 i)

° BIERG RN RS FmAR— N RRAGE.
* BIERFEIWA T EMEH:
o WEBRYREE, PUEBILLTIEANHB:
G ZHERR R SRR, DAR IR R R F P AR R A
NPT AR MRS R %, AP EFRAe— RS HED
- MHAFPFHARGERMAE—ARERD
* BERFHEL EANEANMES R, BUEESR. SO SO ARIRE
o U (files) EXOBRAMIMBERR (F/\FE)
o BRIFEMESE (Virtual Memory) RBXF EFMBSEIOK TR RS (EL. \E)
« HFE (processes) RXTALEEZ. EHEFIOREZEHMHMER

processes
_—'—""A""—\—_
o Oy
virtual memonry
____/"‘a,__ —
T "'x.l
files
.-"A"'\-\_ !
r ey

processor main meamory /O devices

Chapter 1 .24 20083 H28H E#H



A}

#FE (processes)

° BB FH R Hellof2FE1TH, HellofB P& A (BiE) -
o JTE ARG RIREL B OOk & i H
o MHBIMALEPATAETFH—5K5TES
° HRERBERGEN BTN — S
o« —ANRG LA RNEITIRZEHE, BN HESTFEECEMEFERHRS
o SEfr b, BERFRILMEBRIFPATIRS HEFHTES
o BERFZLMABETELSPATHIVLHEIFR A LT XP)#: (context switching) ”
° BRER ETX
o HEBITHEENFAERSER, Flln: PC. FESENLIE. TENNE. BIHE
« RAGHHE —ERESEITTABCLEETHRERN LT
° BT (BRI, R RE—NERIEEIEIT)
o TRV EASITHHMERT, R—IDFHERLAEEZ AT, LT XTI, Sk
FHRTIHEN LT E#R E#RERN LT

shell | hello FFis, ShellFFEE R TR

Time process | process A “Hello” 5 Sheli# 1T R A A
* | application code OS{RfEshell L3¢, Al H#: A helloit 2

. | 08 roda } context HellogtfEH IERY, BHTR&EREHA

SWIEH sk shell 2 RS, FE#Ashellgf

— ooyt BTFE—AMRORA R, AR

" OScode f Oy MR RIEAT, B DUEAT I R
Wl EREIIE.

application code

l i application code
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REFU A i 4%

Oxffffffff

0xc0000000

° BEASNHERMET MBS
o IHEANREE M G H A7,
HHEFZREK
° BB RREIOW A S
o OSTFBANHIEE B4 D
E—HH, BAEMU (G2 H
HE=¥ (8]
° Linux#AE RS0 bk = [A)
(HABUNIX RE R BRI
« 15 (Code)
« HiZ¥#E (Read-only Data)
- TEEEHHE (Read/Write Data)
« ¥ (heap)
« 3L (Shared Libraries)
« A# (User Stack)
- ¥ (Kernel)

0x40000000

0x08048000

Chapter 1 .26

0

kernel virtual memory

user stack
(created at runtime)

v
t

memory mapped region for
shared libraries

!

run-time heap
(created at runtime by malloc)

read/write data

read-only code and data

unused

A

memory
invisible to

‘ user code

printf () function

| loaded from the

hello executable file



b b

A

T IO BERIRIR. MREL. TETH

° HERITIOW A SRR
« MO E (BIERA. WA, B, WNES) s st
o XAFELR TR
« BHAHRIOWEERRLTFTTFI, ENBEF —AHRE. —BHEH T
« OSHFTR &M P EFRM T —HE S RER LA
o F PR RO BT SN H R AR R I SO 'S R g IR 5L

" GPAE:

« R EFREER —FERFRET RSO

o XTH PR RRCEA/OWR & WIS T, IR RIEH T HEH SR
o fEF—AHPERATUAERAANRIIORZF AR RS Lig1T

Chapter 1 .27 20084E3H28HEHH



ZRREREFEZIIAR

v E P RECPU?

register file

PC '. ) ALU WA ¥t S 2 BUS? .
- e B A
SyS’E?m bus memclnry bus ﬁ%‘%ﬁ%é}ﬁ"
wll _.-"F E P
= o ¥ main
Memory Interface _ bridge memaory

2N

! | 110 bus | Expansion slots for
other devices such

=

UsB graphics disk as network adapters.
controller adapter controller
(el @)
hello executable
s stored on disk
W H1/0?

5E (RMEEE) HEENFITRR?
fa RGBT ?

Chapter 1 .28 20084E3H28HEHH
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Al v EALK

< [H]

]
X

° Ew—R. BEFEE (BFEVacuum Tube ) 1946~574F
o 46TEHEAE 1S HFTFEANLENIAC
— {ARRPEK, E30ME, H18000ANESEH, 500007/,

- RHAT#HBIRR/BH, HEMESH20NEmBAm, S8
A AF106 T3t 1%, B—MEHINETERR.

- XKHFswmE, BB RMiER BRI
o /L. 52 M. (Von Neumann Machine)

- 45FEE KRS (FRWBFR) B “F4EFEF (Stored—program) &

H

B, FTAFET vt R v HEIL, MR IASTE L.

- “ﬁ1%ﬁf?"%’f§:

R eI AR AR G BER AN T, RIERE RN TAE.
HHRINEEATREANZTHE, B3R FRHIESRMHAT

5 HIES

Chapter 1 .29

SKIP
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The First Generation: Vacuum Tube
Computers (1946 - 1957)

3 1

. L L]

S LT R S LTheS
i ERN

.
-
-

.
=
- ﬁ‘-‘
L
i

e
s

B
i
i,
TN

The first general-purpose computer - ENIAC



ENIAC----Non von Neumann Model

e " -

L_!'!";_--

» Electronic Numerical Integrator and Computer (ENIAC)
« John Mauchly and J. Presper Eckert BACK
* University of Pennsylvania, 1946 200843 A28 H EME



IASTHHE -8 v E LR A

19467F HH {5 i 1 52 S L [R] 20 3 PRt v 2R 5 e LAS e T
PLAE s Ay rhoty, s IE AL R A

IASTHEALI — M 45k, e =5

ST

T i

fits 2% iI HH B
C— A mpems

|AS (the Institute for Advance Study at Princeton )
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WENN HIzE . EHIgS. FEes. mARSMHEH A
FANFEAERAFLH B,

A AE I L]

&b
ﬁbi%=

o PSS BRI EE, T HERAEREES, B LWE
B XA, BEPN X 2 BIRERTE S
< AR N EE B BT IR 2

o RS

T IR B TR A ARG S, I EL B

AT — BB BB HEAMINEHE
< BEANRTUES WA g S s M ENLETES
AER LA —HERI RN IR @ MEE . BEARTE-< B BR/EIE AN b pE)
PR . BRAERS SR B RS, Mbnbpgfe H B VRS R b
ke HI— & E AP
KA AR TAE T 2
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alEn. ALK R T

° B AR SR 1958~644F b A
Transistor
o TuavlF: BHEITTHRASBE, NFHE
AR, IMFE AR S T .

o KRl UMb, BRIBHE, ZBRAMES, 1/0
KEEEHL, ARATHEEH (R R EREH) .

« Bl HHREGES, RATRERM

« RENLF: IBM 7094 (scientific). 1401
(business)#1 DEC PDP-1

DEC PDP-1

Chapter 1 .35 20084E3H28HEHH



UV EHLR R

> FH=H: SSI/IMSI 1965~714F

o Tuastr: BHEITHE FAmaBEERMERE (Integrated
Circuit) £ .

« KPR TUREFIEH], Cache, MBRIfEfEES, WMKLE.

o fEFHLFH: IBM 360FIDEC PDP-8 (K/EHMLE /NEIHLIFE
i & R )

E#HL(Supercomputer): Cray-1
- K#PL(Mainframe): IBM360ZR 7
/INEIPL(Minicomputer): DEC PDP-8

20084E3H28HEHH
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a|ifi:  IBM System/360 %%+ &AL

° IBMA & T 1964014l i Ih

> FIATUHREN CRIIPL) BE
o FEBNLHIFFE -
- MFEREAELIRITE 45
- HFRIEBHELRHERIER S
- BEERREE
- BEZE/OM D5
- BRNANFRE

- FEERIUTHS BM%O

(IR HLIE %Eﬁﬁmm—ﬁ
T, %7@ o] JESRA". ThEE L SIANIRAN B AFak?

IR TTEEREA 2: S RINL KA 47

Chapter 1 .37 20084E3H28HEHH



Aiii: DEC/ ] [FJPDP-8#1

° [AEAEEI. 5IBM 36048, Mg ER. FE/)NIT,
PRR A /NEIHL (Minicomputer)

° PDP-8“filli& T /MERINLIIARS, HMEZBAET143EIcHI T

Nk, EDECHECY T s KK/ UHLHIE R -

T EEER: BICKHBLEW.

ot

- WEEREREE T XMEMRARERREE, RVPRE

PR\ e 28 AT 5 P B

CCCCCCCCCCC
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Ly

i

Ly

. PDP=8/ETHENLRGHER
EHlE oy =d IO f&ith O f&ih
s 4 -

<H

Omni H £

H>

PDP—8 v+ H A2 2845 14 B

R R R AT A S
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ali. THENLR RN

Chapter 1 .40

PLUG JUAR G, A—)
(F: AREEUARLVLS, MNBOFERTH LA WAREILMARLZLS, N72
FEFFH; A X4 L SIFARRIVLSIEFAR)
(P94 LSI/VLSI/ULSI 1972~ZF4)
o THALESNY- SR BAR K REM, HMEHEANLH I,
A5 T BEHLLL IR T2 28 RN N U () 77 28 ) 38 P o
R AR
- 70%EFairchild AR A= H B — M KREE ¥ RG4S
- TAEAM AR THE D B A E L, HPUE T 2
- N70FER, A ERAMERE ULTEEE3E) .
PHAL A

ﬁﬁﬁ% N RIS I, ECPUH BT E U EE —Ei A Lk
AP RE. T1IFEF K H B — MU E 25T 74004,

o RrR: KEFES, NS ARNREF TR RSE
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e HEHG A R B

Chapter 1 .41

KT KRBEEHR HRIRE REEE (BERPITIE L)
1  1946—1957 EZFE 40,000
2 1958—1964 A 200,000
3 1965—1971  HR/NERAREE i Ha 1,000,000
4 1972—1977  RIFEEE R H B 10,000,000
5 1978— KRR A FL B 100,000,000

#H ( COMPUTER ORGANIZATION AND ARCHITECTURE Design for
Performancey» William Stallings

5% T eIt RAEMHIEE RA2 BRI — DN EEIRS

1965-758#[8], JTASHFIEIRPFE AN 1/10, {BIgLHFIEEIFEA
1/100. XUtBH T vHE LGS M ot ) B B
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Moore's Law

Moore’s Law

The number of transistors on a microchip doubles about
every 18-24 months,

The speed of a microprocessor doubles about every 18-24
months,

The price of a microchip drops about 48% every 18-24
months,

= assuming the performance metric (processor speed or memory
capacity) of the chip stays the same.

Official Definition of Moore’s Law:
http://www.intel.com/intel/museum/25anniv/hof/moore.htm



Computer Arch. = Instruction Set Arch. + Organization

Computer Design

/

Instruction Set Design

° Machine Language

o

Compiler View

o

"Computer Architecture"

o

"Building Architect”
“EARHIT
ThaeE X5 sevt

Chapter 1 .43

"Instruction Set Processor"

T~

Computer Hardware Design

° Machine Implementation

o

Logic Designer's View

(o}

"Processor Architecture"

(o}

"Computer Organization”

"Construction Engineer"

“HE TARIH”
F AT 2 8L, A <5

20084E3H28HEHH



Instruction Set Architecture

.. the attributes of a [computing] system as seen by the
programmer, i.e. the conceptual structure and functional
behavior, as distinct from the organization of the data flows and
controls the logic design, and the physical implementation.

Amdahl, Blaw, and Brooks, 1964

FENFETE:
-- Organization of Programmable Storage (F£/F & 7] WAEEKIZHEZY)

(. FAEHANE. L. KE; AFRITHKE. EAMIKESES)
Data Types & Data Structures (HIEERIFIZEN))
Encodings & Representations (Zgfidf1ZR~)
Instruction Formats (3§44 =)
Instruction (or Operation Code) Set (¥/EfL&ES, EIFELThRE
Modes of Addressing and Accessing Data Items and Instructions
(FHkJ7 KAEAE [ T8O
Exceptional Conditions (FH 44

Chapter 1 .44 20083 H28HEHA



MIPS R3000 Instruction Set Architecture

o

Instruction Categories

Load/Store
Computational RO - R31
Jump and Branch
Floating Point
- coprocessor 5C
Memory Management HI
Special LO
Instruction Format
OP 'S rt rd sa funct
OP rs rt immediate
OP target

Chapter 1 .45
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Organization

ISA Level

Logic Designer's View
FUs & Interconnect

Choreography of FUs to realize the ISA (& T SZHLISA, tnifZHEThfesp)
Register Transfer Level Description (& {E88E254 HH A )

FEEAFER:

Capabilities & Performance Characteristics of Principal Functional Units
(EZET)ReF R Re 1A TAERA )
(e.g., Registers, ALU, Shifters, Memory, Cache, etc.)

Ways in which these components are interconnected
(EETTFO

nature of information flows between components
CER 8] )45 B sl 5 20

logic and means by which such information flow is controlled.

AR R4 B sh B 32 R B2 6 7 725D

Chapter 1 .46
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Example Organization: Sun SPARCstation20

° Tl SuperSPARC!™ TMS390Z50 in Sun SPARCstation20

SuperSPARC

Floating-point Unit

[ [
Integer Unit D—D
Inst Ref Data
Cache MMU Cache
A A 1;
Store
Buffer

v

Bus Interface

Chapter 1 .47

CdQ

MBus

DRAM
Controller

.-”:'L64852 MBus control
M-S Adapter
SBus
SBus —— SCSI
DMA _—— Ethernet
SBus
— | Cards _I_‘
|
|

STDIO

— serial

| kbd
— mouse

— audio
— RTC
—— Boot PROM

— Floppy

20084E3H28HEHH



Levels of Organization

‘ SPARCstation 20 B I e

Computer

SPARC
Processor

Vs

Memory Devices

Control

o]
e

Input

Output I

Datapat

Chapter 1 .48 20084E3H28HEHH



Processor and Caches

Chapter 1 .49

MBus

SPARCstation 20 B

MBus Module

SuperSPARC Processor

MBus

Slot 1

MBus

Slot 0

Registers Datapath

Internal
Cache

Control

External Cache

200843 H28HE#IH



e

Memory
o — N o <t
Memory = 5 5 S S
) (9p] (9p] (9p] (7))
Controller ‘ > s M= sM=M
AIHIHIRIE
(9p] (9p] (9p] (9p] (9p)]

SPARCstation 20 B

e

SIMM Slot 5
SIMM Slot 6
SIMM Slot 7

/DRAM SIMM

DRAM

DRAM

DRAM

DRAM

DRAM

DRAM

DRAM

DRAM

DRAM

DRAM

Chapter 1 .50

Memory Bus

—
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Input and Output (I/O) Devices

°  SCSI Bus: Standard 1/0O Devices

°  SBus: High Speed I/O Devices

(e]

External Bus: Low Speed I/O Device

SPARCstation 20 B

SEC

MACIO

External Bus

& Mouse

Disk
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Disk

Tape

SCSI
Bus
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Standard |/O Devices

Chapter 1 .52

SPARCstation 20 B

SCSI = Small Computer Systems Interface
A standard interface (IBM, Apple, HP, Sun ... etc.)
Computers and I/O devices communicate with each other

The hard disk is one |/O device resides on the SCSI Bus

Disk

Tape

SCSI
Bus
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High Speed I/0 Devices 7

SPARCstation 20 B

° SBus is SUN’s own high speed I/O bus
SS20 has four SBus slots where we can plug in 1/O devices
Example: graphics accelerator, video adaptor, ... etc.

High speed and low speed are relative terms
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Slow Speed I/O Devices ]

SPARCstation 20 B

There are only four SBus slots in SS20--"seats” are expensive

The speed of some I/O devices is limited by human reaction time-
-very very slow by computer standard

Examples: Keyboard and mouse

No reason to use up one of the expensive SBus slot

External Bus

& Mouse Disk
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REEG

-

T BAEZEIKEZO: 8RS

* ISA: BERBEAFANTT, fMLRER B EH

o BB RIRBISEBLA Y, RS E R B P HIE

" HAMOAR (FERERA=HD) , BLEE

 Processor: (1) datapath and (2) control
* (3) Memory
e |/O: (4) Input devices and (5) Output device

T FERGHEEAR. #E. &0 R

o FAFAR: B, IR, HER/D, BALUKE
« Cache: &, , H=/p, BECPUL

« Main memory: @5, 12, =X, BHCPUZL
- MifE: BEHE, &8, FAEREK, BCPURIZT

° IO B ZREM

Chapter 1 .55

« HEYEREIK: graphics vs. keyboard
« ZJER K%L speed, standard, cost ... etc.
o SLIL AT ZHE: P DB, BEMEAEL etc.
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FH—EE

° fENVEEH
« B=h% 1.1- 1.45, 1.56, 1.57

T AR EAEEMLA L

« WA B CE R, WA] DU 30 R

° FTEE - FENA

© B
o /EN

/) HE—E T, 1E?
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