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Data Processing (#EAL3H)
> Data Storage (BUIEFER)
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SiaFHAS: SCILEE A RSB

> ERERERNHEAREZBEZH
> ALU (Arithmetic and Logic Unit) -+ Registers

>IEEBSISETFK (FHRHES) KXAR

> Iz E AR SV TEERTE R
= MIPS: Millions of Instructuions Per Second
= CPl: Cycle per Instruction
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CTRfERR: SEINBEE TR B
> RERFAEE (CHFEIER)
> e (BANEERTAR) + B
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o IEHIEE: SCIEH|Th R A
>R EG TR REHIES, BHHEVL IR R T/E
> 144 (Instruction Register , Instruction Decoder)

> 84 F#ESH] (Program Counter)

> if PB4 (Clock, Timer, Sequencing Logic)

> IBEES AR (Control Signal Generator or Control Memory)
»Datapath +Control =CPU (Central Process Unit) or Processor
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“ THEHLKEREHKER

#include <stdio.h=
Main()
{

%éﬁ ‘g%— int Number; - @TU\HL%%MS

printf( “ Input a Number ” );
scanf(&Number); ( I%J é&_‘[/g‘ E‘%lailzr%—‘ )

printf( “ The Number is %d'n ” ,Number);

}
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Higher-Level Language
Program (e.g. C)

l Compiler

Assembly Language
Program (e.g. MIPS)

l Assembler

Machine Language
Program (MIPS)

Machine
Interpretation

Architecture
Implementation

temp = v[k];
v[k] = v[k+1];
v[k+1] = temp;
Lw  $t0, 0($2)
Lw  $t1, 4($2)

Sw $t1, 0($2)
Sw $t0, 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
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Register File
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ALU

Logic Circuit Description
(Circuit Schematic Diagrams)
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HIEAPC (PC/IXT) HIHAMEH (FRELEH)
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Sun SPARCstation20 (RISC) £ M 4k4:

SuperSPARC

Floating-point Unit

Integer Unit D—D

Inst Ref Data
Cache MMU Cache
A A 1t
Store
Buffer

L2 Cache

MBus

DRAM
Controller

,.--"'.L64852 MBus control

M-S Adapter
SBus
SBus —— SCSI
DMA —— Ethernet
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|
|

STDIO

—— serial

| kbd
— mouse

—— audio

RTC

— Floppy
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> AIBITER

> IBLRAGLEH 1SA
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EALEEM3
(BFBESEF)
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REFMLEEM2
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SEFRMLARML
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Higher-Level Language
Program (e.g. C)

Compiler

Assembly Language
Program (e.g. MIPS)

l Assembler

Machine Language
Program (MIPS)

Machine
Interpretation

Architecture
Implementation

ZITLRBS RN, BT E S EFRIM

temp = v[K];
VK] = vk+1];
V[k+1] = temp;
Lw $t0,0($2)
Lw §t1,4($2)
Sw $t1, 0($2)
Sw $t0, 4($2)

00001001 11000110 1010 1111 0101 1000
10101111 0101 1000 0000 1001 11000110
110001101010 11110101 1000 0000 1001
0101 1000 00001001 1100 0110 1010 1111

[ ]

Register File

Logic Circuit Description
(Circuit Schematic Diagrams)
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P SRR
> BHImET A MIAREN, RS
> REERA >=0 KRR
> 1M RS AR S TEE: 0~ 65535
> —REEHREHEHANMHAMELERNZET,
AR SRS, il HitizsE
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2.1 TR SHENERSE

“ ARSH

> BseHl. +0.1010110, -0.1101001, + 1001.001, -1101101

< PLESERR

> BIERNNBE: W54,
= “O"F/R “IE”, “U"Ron ‘7, BElRARBRIREN.
= PLEHMEE
= EfHOEA4: EFE, iZF

> NI REAT: BlepER (B 80
= SERU/MEG 4xHE/NT1, W: 071100000
= EREH. WE/MES, wm: 011000000

> HHEBHEMPNE I E A BRI
= R2RERRFERRIFTERR o
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CHLSSECRR R ERRTEE (R, RIS, #ME. Bl
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- E 0<x<2™ 1
X]m =1
S i — (2" D <x<0
E 0<x<2™ 1
[I]ﬁ=“‘ A a1l
(2" -D+x —(2" D <x<0
X 0<x<2" 1
[I]:ﬁl‘ 7 1 -1
2-£x -2 <x<0
[x]s =2"" +x R |
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Rt BE R L AMG
0 0000 0000 0000
1 0001 0001 0001
2 0010 0010 0010
3 0011 0011 0011
4 0100 0100 0100
5 0101 0101 0101
6 0110 0110 0110
7 0111 0111 0111
-0 1000 1111 0000
-1 1001 1110 1111
-2 1010 1101 1110
-3 1011 1100 1101
-4 1100 1011 1100
-5 1101 1010 1011
-6 1110 1001 1010
-7 1111 1000 1001
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2.3 FRBFER

SR EBR—E R SX2T, AR A
> Brigd: KA E RBEHRR
> BHS: XRHAHER/NRS
>Bl: (178.125),0=(10110010.001), (L)
—0.10110010001 X 201000 (s

Fii%: 01000.
B¥. 0.10110010001
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/ | UIREF=E 1BV R | 7
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0,1111 ; 1.1111111111 0,1111 ;: 0.1111111111
2BEY (1-2-10) 215Y (1-2105
1,1111 ; 1.1000000000 1,1111 ; 0.1000000000
2B 1= 216 2-BY 21 =216,
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*|EEE 754: &5 (Sign) .« W% (Exponent) FIE%# (
Mantissa) »

< |EEE 754%5#E: BUGEF K320, XUREF RE64ML
B S: 4L, ORFIER, LRFAE

>Hrig E: HBMERR, n MrEImEERN 271, Wehiritiwis &
N 7FH (BP127) , 11frlrigim#E &3FFH (BP1023)

>RBEM: BESFEA RN REM—E AL, FH/NBUREE
RAUENREME AN, XAFREERE RBRRSER Eov2441,

> kA (BED B M=1.m

e BN e Y _HA“‘/T\‘/ I_L:l‘" 2 /‘;/‘A

3247 S: 1fi
MO BT R | Bt \ y \
o s, ify | PTE: 1 FBHm: 5207
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2.3 FAHR R (IEEE 754454E)

CFREREE
>ERBEEERERESIAN: (-1)SX1.mX2E127)
PIEEERBRAAN: (-1)SX1.mX2(E1029

+|EEE 754%F AMBROLE AR NH)

E M FREN
e IR L

I1SE <254 | M #0 -
N = (=1) xL.mx 2517

E=0 | =0 LN =0 RIS AL R B R ERR
AN A LT R A AN D FREA B /N B S
E=0 M=#0 N = (=1) x0mx 2 N1, 120,
& . J i M. o= ;f'. S 'rﬂ
=955 AL =0 N W I NI LS R R AN O

R A e R DN L s DN
NaN (Not a Number)

A

E =255 M #0

A
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2.3 R E¥F R (IEEE 754%5#E)

o BANE,

¥

FRBRRTEE

Eange Name S;g;;l{]s} E?Eﬁ_l;;](m hlggt[t;?ﬂ{;n} Hexadecimal Range Fange
MNal 1 1111 111~ 00.01 FFFFFFF ~ FER00001
-Infinity Bc) 127
Hegstion Oumeflow) 1 1111 00..00 FFR00000 < (2-2B) x 2
N e 1 1110~ 00.01 | 11.11~ 0000 FF7FFFFF ~ 80800000 L(2-20) x 2127, 126
1y % NELT)
NGty L 2 1 00..00 11.11 - 0001 R0TFFFEF ~ 80000001 L(1-28) x 2126 _ _plae
S0y w1360
0 1 00..00 00..00 80000000 -0
0 0 00..00 00..00 00000000 0
e D 0 00..00 00.01~11.11 00000001 ~ 00TFFEEF o149 _ (1.2 x 1%
1 % 0126)
e " 0 00.01~11.10 | 00.00~11.11 00800000 ~ FE7FFFEE 2126 _ (0B x D127
Ty w E-1ETY
+Infinity - 127
(Positnrs uorflow) 0 11,11 00..00 FFR00000 = (2-0B) x 2
+Nal 0 1111 00.01~1.11 7F800001 ~ TEFFFFFF

EEE & g si .
It F ARE AR KK
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o BURE R R MR 178.125, -0.0449219

(178.125), = (10110010.001), SE e s | e 23t
=1.0110010001x 2""! -

S=0

£E=00000111+01111111
=10000110

m=01100100010000000000000

(—0.0449219),, = (—=0.0000101110),
=—1.01110x2""

S=1

E=-00000101+01111111
=01111010

m=01110000000000000000000
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< BHEEIEmIE
>—hr I mEERR: E (D /] 0

S P FEFF 9IS (ASCIRS, 71
> BUF 7R 01/2]...19
>HXFRH (KR/ANE) : ABICI...I1Z1alblcl...Iz
>ERBES: +-1%*18&...
> BHIFR (AT ERFZRF)

o DUFGnitS
SHNE: ATDFRRA, S, HETRE;

> Eiri: 1981FEREMAM 1 (EERHMHNFRIGFRHE-EHE)
(GB2312—80). Zir#EME T 67634 F AN FHIAn#ERHG .

A W ATNEFE. Bk £2%F, ETERE, 52959,
> REBERNFREHRE: ATNFRERHITE.,
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<+ B2 F/FE

> B Frir#EISO/IEC 106463 1 T —MEIE2E ANARPFEIES XFH
R E RN ERE, BN ERANFTRDE (UCS-4) 52
FH w5 (UCS-2) .

>RE (BFEEHX) 5HA, BEBRESHI T — 1M —HNFFH
£ (CIKHB) , HWET ERARERMHX FILL277 2 WF RFHF
5, RA2FEWHE (UCS-2) , BLEAER (GB13000 ) .

> WindowsHRAF XL —RmE, WETH. B, BS=EHERN
12 FE, #A “Unicode”, KH2FT4wig, 5UCS-2—F.
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< AR PR AR A 5
> BB EFANEEN, BT oRSERRs TIRERRAH
IR ES, HU=ETREZSE. dEEENFER
>R TR WEBME, ERBEERIGZ I, HINETAR
I, SEUREEEA4EThRE
> RS
- FHBR LD
AR LAD
= TEIHRTURBLEFD

EEEEEEEEEEEEEEEEE
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3.1 THENKIT/ESR

=

SRS TTHENL
y:id ol aw
>R A BRIEL +

[

A F] ABAAT IR S — P A BB

BRAEg (BfEgotik)

> BRAERS: TREIIR S HIBRIEER
>BRAER (ab) - BSBRIEHRIME (BREESRAES)

AR

PR/ RO AL

11010101 10000100 01010001 10100000

(4
No |

.0

B FELSFIE — B R 5.

> SER—RERIThRE, RAREMEE, R&E—EHRE;

> U EAEREF e WM R F, —F—FMiTie<, X2
SEREFF AT AL I T RE K B B

> THEPLRAERH 8 (Program Counter) SRHRETRSHATHIEFF .

EEEEEEEEEEEEEEEEE
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o BORAE: EHLAT LSS B AR MR, —FHLERHE & BT
T BABR— R B R R AT
RAFELR: XTI

> BAEXT R
> SRR AR A S5 2 A —
AC 5 |_|
Q 5 Q - A

D
IS L

AND
_|A-—»=B|
T ALU ADD Citrl
Q Q
- Q Q
; Q
Y T :
fM#{E: AC +RegB-> AC
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3.2 MRHIBITERE

L3 2 4 A I
2
{ N )
1 $ y
AC R (S B PC VDR
ALU T T T T .... T i QC: igﬁﬁ? “ﬁ$*
LN | | BRIEES o -
i { B | GR: % 17
A B T P | R, e
t ) D 54
1D PC:  REFFIHE
T T MAR: Hbhb25 7758
GR ' MDR: H¥E %748
IR MAR
T t -}

EEEEEEEEEEEEEEEEE




3.2 TS HIPITIERE
o RIS 23 1E0Y (ff
1 < —_— i) | T
Instruction st
Fetch | A | | et S '«oi..lg.ﬂ-
| TN e ERTF%ES .
- PR S l LA TFEPC
Instruction g . oy .,
Dec 1%?5/—;/\ Af ‘ RIEPCH A MAEfE (R
- %%HXTEA/Q'\%IR V[—;&%%
Operand BHBEPITHE o WA ST 4577 2%
Fetch L TIRE VAR MDR:  S4fi 5 7 4%
| FEEFMESH/ERT -
IRV BOL I E 2%
Execute
| 1. ARIEPCHANEMEERIEESEIR
Result 2. TRABMBED MEES) , HRMBRERHIES,
Stl‘”e 3. eSS B e TR MR E R,
Next 4. BHAHEAT
Instruction 2. ﬁﬁ%%:
— 6. JERT —2kT54HbEEPC,
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Example

Y=ax2+bx-c fiEa,b,c,xB N2 mE, HOAFBAENTE, Ry,

BETEL RS 166152 R4 N AT ik

OOH

Opcode | Address 02H

38 8 04H

_ 06

f5 2 AR Vi B 08:

ADD OOH AC € (AC)+Mem(Add) 0AH

LD 01H AC € Mem(Add) OCH

SUB 02H AC € (AC) — Mem(Add) OEH

MUL 03H AC €< (AC) X Mem(Add) G B AF I | 10H

ST 04H Mem(Add) € (AC) ffa 12H

fib 14H

fEc 16H

fEx 18H

—i




Example
Y=ax2+bx-c fHEab,cx¥NEHE, HAEMENGET, Ry,

e | BRlEi L LA
ADD 00H AC € (AC)-+Mem(Add) 00H
LD 01H AC €< Mem(Add) 024
SUB 02H AC € (AC) — Mem(Add) 04H
MUL O3H AC < (AC)XMem(Add) 06H
ST 04H Mem(Add) < (AC) 08H
\ 0AH
ek OCH
4 | g oEH
LD a | 0112H |AC<a LRy AFIAERE | 10H
MUL x | 0318H | AC € ax ffia 121
ADDb | 0014H | AC € ax+b b 141
MUL x | 0318H | AC €<ax?+bx ftic 16H
SUBc | 0216H | AC €ax?2+bx-c ftix 18H

STy 0410H | Mem < (AC)
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Example
N AT His ik
AC  Bx2+bx-g FFiaPd 00H — 0112H 00H
PC 02H — 0318H 02H
PC 04H — 0014H 04H
A I PC | 06H [—— 0318H 06H
> O8H — 0216H 08H
52 AR

PC H — 0410H 0AH
LD a | 0112H |AC €« a oo oS o
MUL x | 0318H | AC €< ax g oy
e osia | e e ax?+bx-c 10H
MUL x | 0318H | AC €<ax2+bx . o
SUBc | 0216H | AC €ax2+bx-c i o

ST 0410H | Mem € (AC
’ A fHc 16H
ER 18H
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> RS MBURFBEF MR, HHIEDH
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HERIEHRNE

> XA “HFRERRR” 75 T ITE




ENIAC (1946)

> ENIAC: -t (o 3] 58l A a2 (AN, K

ROFF) Ron—fr 3%, AR T2+ 26507 2052 B
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]
Mainframe Era: 1950s - 1960s

3
"""V SYIPOYE ;- { Central processor —
Tops controllsr

controller
‘@ﬂ Mognetic Disk s10coge
- i I =7 ; fope unin ! |
re— ! | 1 = - E—

High-spee

printors

......

Card punch

Control comoin Control cansale
Magnetic
10p0 units Cord reader

Enabling Tech: Computers

Big Players: “Big Iron” (IBM, UNIVAC)
Cost: $1M, Target: Businesses

Using: COBOL, Fortran, timesharing OS
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Minicomputer Era: 1970s
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Enabling Tech: Integrated circuits

Big Players: Digital, HP

Cost: $10k, Target: Labs & universities
Using: C, UNIX OS
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PC Era: Mid 1980s - Mid 2000s

Enabling Tech: Microprocessors

Big Players: Apple, IBM

Cost: $1k, Target: Consumers (1/person)
Using: Basic, Java, Windows OS
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]
Post-PC Era: Late 2000s - 7?77

Personal Mobile
Devices (PMD):

Enabling Tech: Wireless networking, smartphones
Big Players: Apple, Nokia, ...

Cost: $500, Target: Consumers on the go

Using: Objective C, Android OS
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Post-PC Era: Late 2000s - 7?77

Cloud e
Computing:

Application

Laptop:
.:A. - : R é %
Monitoring = Collaboration
L Finance
Content Communication
Platform
[EEETanE ] %
Identity
Object Storage Run tme Databas
Infrastructure
L‘& g
i Compute Network .
Block Storage
nes Tablets

Pho

Enabling Tech: Local Area Networks, broadband Internet

Big Players: Amazon, Google, ...
Target: Transient users or users who cannot afford high-end
equipment
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Moore’s Law

The experts look ahead

Cramming more components
onto integrated circuits

With unit cost falling as the number of components per
circuit iges, by 1975 economics may dictte squeezing as
many as 65,000 components on a single silizon chip

By Gordon E. Moore

[T B Lt
diaine of FarRld Cames aed Pasmeet Corn

Tha fiture of ntegrabed electonios isthe fauee of electma-
s el The adwintages of imsegmcicn will Being abous a
polifemon of sleeronion, pashing thisso imos o many
B S

Tmoegrased ol s will kead oo such woadem s home
compunem—or o I o minaky cenmmlcom

Pl

machine insned of being concamnag
addzion, the mpeved relabl oy mde
o will allow dec commuenion of I
Machine s similar o those i evbnened]
lower coams and widh flsner namea

pre—auncma comrok for amemebile, md pemonal
portibls communaions spipmenn The eleomon o Wik
o b e ads oaly o display o e de asible taday

B the biggest poteneial e in e prodictionod lige
spstems [ pelephone communicn tong, ntsgrage d clrows
i igital fikem will separme chamnels @ mukiplex oguip-
mene Intsgmnad ciroses will abo swinch e phone croses
o prrfoms dan proce sing,

Compaterswill bemore poweril | md willbe cmganized
i compil el y diflrem ways Foremple, memosies bl
of mregaet el sowonics may be doribaed humughou e

Thu astfer

Qe Geriom E Moz i orw of
e e S of wincmelc
argrsern, wmoudie Ry
B wol e e B
el Ha w8
dugre n chamnty fom v
Uity of Callbcmia ard 4
[ -
cramaty bom e Calfe e
Irnfitute of Tuchrciogy. Hu wan
o of B o dur of Fanckild
& eeductor aed P Baae
drachs o Sa s asd
i e 2 i B e
LB

By megroed elecrones, 1 me |
nal cgies whichare mkred w0 as puic|
wellas oy addivonal ones thar rea)
i supp iod 1o the user a5 imedune b
noilcgies weme s nvesganed o e
et s b muiniinasize ol e e e gy
g Iy comple ¢ borrod o fue s
minpum weight Sewml ppoac

¢ ez b for i)
il s smrscmane s e s oo tor inng

Fach approac b evedved rapedly of
ench bomowed iechnigues fomana b
Believerhe way of the finure pobe a oo
o Approaches.

The adwoans of semme oaducnar |
akrendy usng el mpeoedenmoers
roes by applying s bl diseetty o
nor subsmmne. Those advocatng a i
il are developing sophisnoanad racl
ment af oot we semicoaducion devices
L

Bodh appeoaches have workied wy
i g pre o nody.

Eacinmics, hlduma 14, Mumber 8, Apdl 15, 19563

Tha eataniissmaent

renesgem e o oy oo 5 5 e Bl s pocda e 105 e iy
e almesn mandaory for ne Wil nry sysiems since terne
Tkl iy stz ol weghraguined by some of them Eachiew
able culy with imegmoion. Such pegrams o Apolle, b
maned mood Tlight, have demonsmn iod the relabdln y of i
negranedl eheemon o by showing thar complens ¢ e fine.
s are @ e from fadlwre o dhe be individual mnsis.
o

Molost compandes i the conme m bl compuns Tiekd have
machines in deslgn o i sarty prodiction anploying inse.
gmiad eleoromies These machines comt less ond perdoem
Eemer than diore whah use “cmventonal”

eyl e pie oe of semviconducnon inthe syuivakenpac kige
con g, Bur, addet
decmaed yie ks more than compensane o e moreised
compleoty, ading o raxe fe cosl per conponent. Thus
e o I SRR ARy VR tme i e e vk ion of
e nachnodogy Af present, i & reached when 53 compo.
mengs are whedper cironi. B dhe mindmom i eking ropadly
while te encire cost curve bk lalling (see gmph below). Hiwe
look ahendiive yews, a plot of cosms suggests dur the mind
R per componznt might be expectad ine o wits
abour 1000 compme s per crou (peoviding such crouk
Tt boes cam be peodduce d in moderae guamities | ke 1970,

Insmamems of varkous sorth, especially the rapddy in
esing numie s auploying dighaltechnigue:, wre surnng
i e imnegrankon b mase 8 outs ooses of Bod manih oere
e
The use of lnew iwegmesd cirowiry i seill mamicosd
peimarilyne te miltwy Suh megmad funcions we e
pemsive amd mot aviikibde i the varkey mequire oo sty @
mapr fmomia of lnsar dlecronis. Bt the fime applica.
chons are Beginm ng b appenr i o ommerci le ke poads, pae
izl aly i e i prse e which needs lowe aguency anpli e
s of small size.
Ralakdity courts

e coatper cambe expected ke
onlya nenth of dhe peesent cost.
The comple ity for nonimum coams g i

eemsed @ a rme of maghly o facier of twe per year (e
Emphon mext page). Cermnly overthe shoet nam tisrae
cam be expeoned i concmee, O not o memEe (ver e
longer term, the rage of morense i 0 b mom mosmn, -
though there bno meson e believe £will por reman pewly
consmam forar lews U0 yeam. Thas mems by 1975, te puns-
e of compine s per intsgmnad ¢lron for munimum cosn
el B &5 0000,

W beliver it b kg irows com ke budk cna sngle

e almosr every o
saroped gl peliabdlicl 105

mom genem ly a iy
ing mn vy funceions o
e nee hmigues o nof
will Be lowwes cosrs
Eoma mady supply of
Formoen appli]
will predominace. 5o
ok
mums o i e d |
ook ammezive o, i
o Il gt e i Ry, B
Rota prime requisie.
Hileom is Hcely
oders will be af use
gallam arsendde will
funcrions. Bur sl
e auseod the nachnod
e omd s oo e, amad i
imexpensive surring of
Coats and curms
Reduce deost &
elecwonis, md he g
the rechnalegy evoldy
krger cimui fancrical
For simple cirouie,
propon o oo the oy

104

102

102

FRelative Manufacturing Cost'Component

Electronics, Volume 38, Number 8, April 19, 1965 ’

BEIHANG

I F M T IR

UNIVERSITY

1962

1965

1270

10 102 103 104

Humber of Componaents Per Integrated Circuit

108

Jio

59




Moore’s Law

CPU Transistor Counts 1971-2008 & Moore’s Law
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http://upload.wikimedia.org/wikipedia/commons/0/00/Transistor_Count_and_Moore's_Law_-_2008.svg

Moore’s Law
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