B1E 4 @B

i+ A ¥4 ( Computational Thinking ) 2 481 ) i+ A AUA 5 49 L s A AT IR . A%
W AANRATAH BB F B E T EAAFZ B — 25 BgE2, it g SRR
( Abstraction) #= f Z4t ( Automation). HF, “fbR” REAHET (HlwkF ) KREATENE
W1, “HHN RIGIEI EASFE R A TR E B AT R,

JvA A (Jeannette M. Wing ) #4%, EZBEFH K - X

1.1
7
8
15
1642 19 Blaise Pascal 1623—1662
Pascaline
6 Pascaline
Baron Gottfried Wilhelm von Leibnitz 1646—1716 Pascaline
1673 “

Charles Babbage 1792—

1871 1822 “ Difference Engine
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“ 77 1833
“ 7z “ Analytical Engine ~”
74 “ ”7 1000 50
1854 George Boole

Business Machine

200

1937

Turing Machine

ACM 1966
50

19 20

3000

A

AM. Turing Award

B

Andrew Chi-Chih Yao

1938

Konrad Zuse
Z-3

IBM International

24

Alan Mathison Turing 1912—1954

Associative of Computing Machine

2000

Z-1



1944 H. Aiken
Electro-mechanical Electrical
1946 2 14
And Computer
20
60
1 1946—1958
ENIAC
Mauchley J. P. Eckert
1500
170m’ 5000 /
1946 “e

Variable Automatic Computer

- von Neumann
Institute of Advanced Study

EDVAC

Mark-1

Mechanical

ENIAC Electronic Numerical Integrator

60
Vacuum Tube
J.W.
18800
460m’> 30t 140kW
ENIAC 1946 2
16

EDVAC Electronic Discrete
ENIAC
IAS
IAS

- IAS “< Stored Program ~~
1946 ECC Electric Control Corp.
1947 ECC UNIVAC-I UNIVersal Automatic
Computer-1 Magnetic Tape
UNIVAC-I
UNIVAC-I 25 48

1954 Fortran Fortran

Fortran John Backus 1977
2 1958—1965 Transistor
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Magnetic Core Magnetic
Drums Paper Tape Card Punch and Readers /
Algol COBOL
Algol 60
Peter Naur 2005 “c 7z
Monitor
Batch System Operating System OS
IBM 36 IBM 7094
DEC Digital Equipment Company 18 PDP-1
/
3 1965—1970 Integrated Circuits IC
Virtual Memory
Family of Computers GUI  Graphical User Interface
IBM Mainframe System 360
CDC Control Data Corporation Supercomputer CDC-6600
CDC-6700
20 60 —_—
Mini-Computer 32 DEC PDP-1 8
PDP-8 DEC
16 PDP-11
4 1971
UNIX -
Seymour Cray CRAY 1976 1
/ Cray-1
Microprocessor
Microcomputer / PC Personal Computer
1 10
SSI  Small Scale Integration 10 100

MSI Medium Scale Integration
100 10000
10000

VLSI

LSI Large Scale Integration
Very Large Scale Integration
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5
VLSI
1 100 VLSI
100 1 ULSI
Ultra Large Scale Integration ULSI
1949 N. Wiener
20 80 ¥ >
Herbert A. Simon 20 50
“c PSSH Physics Symbol System Hypothesis ””
PSSH
1998 IBM “
Deep Blue >~ “ i
IBM (X3 9
20 80 “ FGCS Fifth Generation
Computer System ~~ 1982 4 “ Institute for New
Generation Computer Technology ”~ 10 1982—1991
1992 ““RWC Real World Computing ~~
o Earth Simulator
2011 2 16 IBM “ Watson ~7
““Jeopardy 72
4 IBM
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-6 -
1.2 -
ENIAC - ENIAC
- ENIAC ENIAC
ENIAC
- 1946 6
EDVAC
Program
Instruction
1
Memory CU Control Unit ALU Arithmetic
Logic Unit Input Unit Output Unit 1-1
CU
CU
I #T
I
> BWART > HERBHEBEHET > Rli#ET —
e
R ——
1-1
2
3 e«
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4 0+0=0 0+1=1 1+0=1 1+1=10
0/1
5
6 cc > )
“c PC Program Counter ”~
PC 1
“ *? PC
ALU /
ALU ALU /
T £ - - 1_2
/
s [
= MINET > R > WlET —>
L8] s —
ALU B —
1-2 -
B 70
) ALU
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1.3

1.3.1 I EHNBEKREAR

1. #hg

CU ALU
CU ALU “ PU Processing Unit *~
“ Processor ”~
PU PU
“ CPU Central Processing Unit *~
PU “ Parallel Computer >> “*

High Performance Computer >~

2. ## (Hardware)

Software
/
—_— Mainboard
“ Main Memory 72
Input/Output Devices
Secondary Memory
“ Volatile Memory *~
“ Non-volatile Memory *”——
Hard Disk HD Floppy Disk FD Optical Disk Memory
ODM

Internal Memory >~

External Memory ”~
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CLK Clock TSG Timing Signal Generator
3. PU RY4HERX
PU ALU CU —_— Register
ALU €€ 7res vpes wres 22 “€ rres zres s 7z
Shifter
Complementer “ / 7z
CU PU PC IR Instruction
Register ID Instruction Decoder
CSG Control Signal Generator CU
/ PU
PU
“< Flag ~~ FR Flag Register
“c Register File *7 “*© 7z
GPR General Purpose
Register
ACC
Accumulator “<0101~~
“ 7z /
“e ZF Zero Flag *~ 1 0
SF  Sign Flag SF 1
““17” “ PF Parity Flag 1 0 “<
CF Carry Flag >~ =< OF Overflow Flag >~
ZF SF PF
PU PU
MAR Memory Access Register MDR Memory
Data Register MDR
MBR Memory Buffer Register . ARE l = g
i ALU I R
| = > 5
MAR : | :
MDR
MAR || somwsem Sy <::‘>
| cu 5 i B €FE=P
MDR | CsG s <—>
sy - ¢/ . . . >

1-3



- 10 - KF AL RBEHAZ (5 20R)

4. M (Software) SiRf/REMRIEME/RIE

AutoCAD 3ds Max Protel Mathlab

Firmware

ROM Read Only Memory “c
ROM

The Principle of Equivalence of Hardware and Software

1.3.2 HEWNEREH. TENERSTEN IR
1. HENIKREHS R

Computer Architecture

G. M. Amdahl 1964 IBM System 360
20 50

20 50

ROM

20
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Portability
IBM
50
System 360 S/360
360
S/360 10 20
S/360 S/360
/
IBM S/360

Software Compatibility
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“ >z IBM S/360
20 50 “
IBM 20 70 90 System/360
System/370 System/390
DEC PDP-11 VAX-11 Virtual Address eXtension of PDP11
CDC 6600 7600 CYBER CRAY
CRAY 1980 Intel 80x86

2. itEHEM (Computer Organization) 5itEH 3L (Computer Implementation)

Moore’s Law

3. HENAHAREN. HENERSHENLA=FMXR

cc / 3



-13 -

1.3.3

TR ARZHERRE

Hierarchy ~~

CPU

1-4

Instruction Set

5% BLFITES B

!

BAK: WEES B

!

3% LGB Bl

!

2% BAERGEINL

!

FI%: PLABETHE

!

FOF: WEFHS
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1 CPU /O

Virtual Machine

/
Interpretation Translation
(X3 7 s & Compile E
/
Compiler
System
Programmer Application Programmer End User System
Administrator
- 5 -
SQL AutoCAD —_—
Menu *> “* Button ”?
High Level Language HLL Fortran C/C++
Java
4
C/C++ Java
API  Application Program Interface
Compiler Interpreter
Assembly Language “ Assembler ”7
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[ 1-1] (2010 WA RENFHE —F X ITEH T Al B

MAR
MDR

]]};Ol}

PC

CPU

B

2
—_— Transparency
FEEZRRI)
PC
IR

D
PC
MAR MDR
B

IR
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1.4

141 £Eik

cc / EE] cc / 3

Workstation

Single Board Microcomputer

Safety-critical
Fault-tolerant Computer

142 #FMDEZE

“1/091

Single Chip Microcomputer

/
Trusted Computer

Embedded Computer

M. J. Flynn
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1966 IS Instruction
Stream CS Control Stream
DS Data Stream
Multiplicity
1 SISD Single Instruction Stream  Single Data Stream
2 SIMD  Single Instruction Stream Multiple Data Stream
3 MISD Multiple Instruction Stream  Single Data Stream
4 MIMD Multiple Instruction Stream Multiple Data Stream
1-5 1’0
IS 1S
| l cs DS ! | bs !
cu PU_—{ MM ;
(a) SISD
DS, :
PU, MM,
(b) SIMD
[mmy] [mmy] = [ vm,]
(¢) MISD
1S,
IS,
s, Smg iR B -
CU — &l .70
L cs, DS, J PU —4bFRHTG
cu, PU, f—— [ MMm)] MM — AR BT
S, DS, DS —$#E
C?z Plfz |‘—> |MM2 IS —1§4 ¥
; ; CS —HHhil
T A R vy
(d) MIMD
1-5
SISD
SISD

SIMD n
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MISD n n n

MIMD n n n

e Uniform Memory Access UMA 7~
Non-Uniform Memory Access NUMA ~~

Message Passing ”7

MIMD
1.5
RASIS
1. BEERFK
Word W Byte B
8 IBM 8
8 8 16
32 64
16
8
2. FFERAE
1024x16
1024 16
/
8
B
1024 2" IK Kilo 1024K 2% IM Mega
1024M 2% 1G Giga 1024G 2% IT Tera 1024T 2%° 1P Peta

1024P 2% 1E Exascale 1024 27° 1Z Zetta 10247 2% 1Y Yotta
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GB GB 1TB
3. AhIEiEE
MIPS
Million Instructions Per Second MFLOPS Million Floating Point
Operation Per Second CPI Cycles Per Instruction
MIPS Gibson
IBM 7090 IBM S/360 1-1
MIPS % 11 $E&RMME (R %)
MIPS o i SRR EE
CPI = CPU / ; 312
45.1
18
CPI 1 16.6 275
3.8 10.8
/ 6.1
0.6 7.6
“ Benchmark >~
0.2
/ 6.9
3.8 32
15
Whetstone / 6.0 4.5
Dhrystone SPEC Standard Performance Evaluation 53 13
Cooperation LinPACK
“ 7o Peak Performance >~
4. E4m
“ xCPIx 7z
MHz
GHz

5. FiERBFEEH
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10% ns 10 103 ms
6. IhiE
100W
IBM POWER6 POWERS 2
150W

7. BGwRAN

10

8. RERHREE

9. &FMZE (Throughput). MakzEtE (Response Time) 5RE4ERTiE (Turnaround Time)

10. HENFHERAE

GB TB TB
11. RASIS ¥4
Reliability Availability / Serviceability
Integrality Security RASIS
“ MTTF Mean Time To Failure >~ “*
MTBF Mean Time Between Failure ~” / “c MTTR

Mean Time To Repair ”~ A=MTBF/(MTBF+MTTR)
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12. AT 4EME (Scalability)

13. IMZRYECE

Speedup
[ 1-2] MBR _ MAR L
L II. 11 V.
A1 1 B I III C I IV D Il IV
%: MBR MAR
D

[511-31 (2011 FIEHREANFR —FIRIT BN T A EALGR S H R 2k F8)

A MIPS B CPI C IPC D MFLOPS
E: D ““F i D
[ 51 1-4] _
A
B
C CPI
D CPI
%::
1/0
1/0
CPI CPI C
[ 1-5] L L L L CPI 1 3 4 5
A A 36 9 2
B B 10 55 2
A B CPI
Z: A 3+6+9+2=20 B 10+5+5+2=22
A

A 3x14+6x3+9x4+2x5=67
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B 10x1+5%3+5%x4+2x5=55
B
CPI = /
A CPI=67/20=335 B CPI=55/22=25
[411-6] A L L Iz L CPI
2 3 4 5 40% 20% 30% 10%
BB I 20%
1 A B CPI
2 1GHz A B MIPS
%

I, [30%(1 -20%)]/ { [30x(1 - 20% )] + 40 + 20 + 10} x100%=25.53%
I 40/(40 + 20 + 24 + 10) x100%=42.55%
L 20/(40 + 20 + 24 + 10) x100%=21.28%
Lo 10/(40 + 20 + 24 + 10) x100%=10.64%

1 A CPI=2x40% +3x20%+4x30%+5x10% = 3.1

B CPI=2x42.55% +3x21.28%+4x25.53%+5x10.64% = 3.04
2 A MIPS = 1G/3.1 =1000M/3.1= 322.58 MIPS
B MIPS = 1G/3.04 = 328.95 MIPS

[ 1-7] CPI 1 25

2 2
: A =5 xCPI +3 xCPI +1 xCPI

=5x1+3x2+1x5=16
B =3 xCPI +2 xCPl +2 xCPI
=3x[+2x2+2x5=17
A
[%11-8] (2013 FEMEARENZG—F X BN T I EAi4REH KT
1.2GHz 4 CPI

Fz1-2 f1-8 HiExR
2 Figtesl | CPI
50%
20%

ot
4>
wE
i

10%
20%

gla|w|»
U3 IO RO N}

MIPS
100 B 200 C 400 D 600

CPI=2%50% + 3x20% + 4x10% + 5><20% =3

>

1-2
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= /CPI=1.2G/3=400MIPS C
[ 51 1-9] (2012 A REANFHZ —F X ITEN T EMLEZEESE XD
A 100s 90s CPU /0
CPU 50% I/O A

A 55s B 60s C 65s D 70s

. =CPU +1/0 =90/(1+50%)+10=90/1.5+10=60+10=70s D

1.6

1.6.1 HABESHEHENNTEERRE

Intel
1968 7 18 - Gordon Moore -
Bob Noyce Arthur Rock
- Andy Grove
—_— 1969
Busicom
Marcian Hoff
Federico Faggin 4
1971 11 4004 ““4>> 4
“€47> 4 4004 ““p
P-Mental-Oxide-Semiconductor PMOS >~ 2300 108kHz
640B 200
4001 4002 4003 RAM Random
Access Memory ROM
Intel 4004
1971—1972 4 Intel 4004

320 RAM 256 ROM 10
MCS-4
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4 4040
1972—1977 8 1972 4
8 8008 3500 108kHz 16
Kilo-Byte KB 1974 4900 2MHz 64KB
Intel 8080 8080 Altair
1975 19 - Bill Gates
Microsoft “ 7z
Altair BASIC
1974 Motorola 6800 8
M6800
4004 Zilog 1976
10000 7-80 Z-80 8080 8080 Z-80
Intel 8085  M6809 1973
Intel 8080 M6800 Z-80 ““N
N-Mental-Oxide-Semiconductor NMOS ~~ 8080 8008
10
8080 8085 M6800
Z-80
BASIC FORTRAN
PL/M
1978—1983 16 1978 6
16 8086 29000 4MHz 16
20 1979 8086 8088 8088 8086
8 68000 M68000
37500 7-8000 Intel8086/8088 M68000  Z-8000
16 4 8MHz 0.5pus
20 80 16 80286
M68010 16 10MHz 0.2us
100000 /
1984 32 1984

32 M68020 1985 32
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80386 45 Cache
20 40MHz 0.1us 1989
32 80486
32 1993
586
““Pentium””““Pent”” “ 7> ““ium””
Pentium 150MHz 0.05us
Intel Pentium Pentium Pro  Pentium MMX
1997 Pentium II 1999 Pentium 111
2000 Pentium 4
1992 64 1992 DEC
64 Alpha 21064 21 64 Alpha
21364
2001 Hewlett-Packard HP [A-64
64 —_— Itanium 2002 -2 2003 2
1995 IBM 64 PowerPC
620 2007 7 IBM 64 Power 6
18 24 1
1965 “e Moore’s Law >~
1975 “ 18
30 21
18 40
1.6.2 Z#MLER
21
IBM 2001 2 Power3 Power 4
2004 IBM AMD SUN Power 5 Opteron
UltraSPARC TV
2005 10 Paxville DP 2006 5
Dempsey 7 Core Woodcrest
12 Clovertown

Multi-core Processor

Single-core

CMP Chip Multiprocessor
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1 4GHz

3 AMD
Opteron  90W -2 100W
100A

AMD

Parallelism

Simultaneity Concurrency

SIMD MIMD

SIMD
1 Vector Processor
Cray-1 Convex C1 YH-1
2 Array Processor
Burroughs ILLIAC-IV ICL
DAP 150-AP
3 Associative Processor

/0
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SIMD
MIMD
1 Shared Memory Multi-Processors
SGI Power
Challenge Cray Cray X-MP Cray Y-MP Fujitsu
VPP500 NEC SX-3 Hitachi S-3800 Convex C3 YH-2
2 Distributed Memory Multi-Computers
3 /
[ Process ]
Thread
/
Thread Level Parallelism TLP TLP Multiple
Thread MT

CMT Chip Multithreading
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SMT Simultaneous Multithreading

CMT SUN CMP MT
CMT
CMT
SMT
SMT
SMT
SMT CMP
CMP SMT SMT
CMP
SMT CMT
SMT
CMT SMT
CMOS CMP
SMT
GPU
8 “ Many_core
7 IBM
CELL
I/0
1.7
1956 1956—1967
41 “ 7
1956 6 19 “ 7z

103 104
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103 M—3
103 1958 8 1
104
4200 4000 1 70kW
2048 39 1
104 1959 4 30 “ i 104 1959
10 1 ce >
1956
1958
1960 4 —107
1964
119 5
20 60
441B 109
109 108 108 121 320
1964
“ 48 7?7 1966
0.5mm
20 70 1971
111 112
1973 150 655
655
150
1965 ALGOL
1977 655
NDHD
CCF 2011 CCF
1976 DJS-100 DJS
NOVA
DJS-130
1977 200 DJS-183 IBM System 360/370 DJS-200
1979

1981
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CCF 2006 << i ““CCF i
/
<< V5.0”” 2007
““PDSOFT i
1983 —757
1000 / 1 /
<< YH -1°~
1974 DJS-050 DJS-060
8 DJS-050 Intel 8080 DJS-060
Motorola M6800 1981 16 LS77 1984
IBM PC/XT
<« 0520 i Apple << -1 ”716
1988 5 1989 9 WPS1.0
1992 4 / €
=277 1997 130 / “c -37”
20 80
< 10007<< 200077<* 300077 40007~
<< 477 / i / 1800 6800
1989 LISP LISP-M1
2008 6 24
5000A 230 /
2008 11 17 500 TOP500 5000A
4000 11
2009 10 29 = i
1206 LINPACK
560.3 ““TOP5007~
6144  Intel 5120 AMD
98TB 40Gbps 1PB
““THUMP~~ << R1””
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2013 11 18 TOP500

CPU

1.8

1.8.1 HEHES
1. BEEIERFEOISH T B AEs T ik

2. BREER. HEHES

1000

3. BHZiE##E

4. BRI

5. EFRE “ic12” hie

3.39

CPU

-15007~
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1.8.2 HEHBINF
1. BES5IRTE (FHETE)

2. HEUEALIE (S5 RAE)

Electronic Data Processing EDP
Management Information System MIS

Decision Support System DSS

3. HIFEH|

4. WEIEAR (BITENHEIRITSHIE
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— CAD Computer Aided Design B-777
CAD CAM
Computer Aided Manufacture CAT Computer Aided Test
CIMS Computer Integrated Manufacturing System

CAIl Computer Aided Instruction
Massive Open Online Courses MOOCs ~~

5. BaERN
/
Artificial Intelligence Al
Al
Al Robot
Al
6. MEEIF
Computer Network
Internet
7. BEIRZEGRALE
—_— Computer
Graphic CG Image Processing —_—

Virtual Reality VR

8. #MELM (The Internet of Things, 10T)

Radio Frequency Identification
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RFID GPS
- 1995
2005 ITU “ 7z
1 RFID
anywhere anytime anything
2
3
10
RFID
GPS
s & ETC 7

IC

IC
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1T SaaS Software as a Service
IaaS Infrastructure as a Service PaaS Platform as a Service
IT XaaS X as a Service
1.9
1.91 HEHARHBIH
1. MABEX
20 90 7 Grand Challenges
1
2
3
4
5
6
7
/
/

2. FARHYHES]
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5
6 cc
60
/
1
Pentium 4
2GHz 0.18um 10GHz
0.1pm
/ 60
593km/s
30x10%km/s
1990
DNA
DNA
DNA
1 DNA DNA
lm> DNA 1x10%°
2 DNA
DNA /

DNA

3
1994 11 Science -

L. Adleman DNA
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DNA 2001 Weizmann
DNA
DNA 2002
DNA

1.9.2 HEHNAREBED

1 10
““3T7” 1TFlops 1TB 1TB/s 1/0
““3p=~ 1P=1024T
=& 7 “3P,, 16000
22GHz  Xeon ES5 12 CPU Ivy Bridge
1.1GHz  Xeon Phi 57 32000 Xeon ES
48000  Xeon Phi 312 5.49PFlops
PetaFlops Flops Floating-point Operations per Second Peta 1PetaFlops
10" 339 PFlops 2013 11
“ 7 88GB 1.408PB 12.4PB
10 600 170 125
8 13 24 720m’
2 Open
3 Multimedia
4
5 20 90

Client / Server C/S
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C/S
Java
SUN “ NC Network Computer
NC
NC Java
NC Java ——JVM Java Virtual Machine
NC
NC “ -8637”CPU
NC-I30/140 NC-A15/A25
6 Virtualization
2008 Google IBM
PC 3C Computer
Communication Consumer “ Phone
7z == Mobile-Internet MI ~~ —_—
PC iPhone
PDA MP3/MP4 iPad
iPhone

iPhone ““  Phone

LePhone ”~ i0S Android

Windows Phone 2014
330.7 78.5%
1
1-1 1946 2
1-2 1971

Niklaus Wirth

Pascal Pascal

20
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Pascal

1-3
1-4 “ 7
Byron Ada Augusta Lovelace

20 80

Ada Ada
1-5
1-6 -
1-7 -
1842 “ 7z

>
v

-8 .

C/S S ﬁ __________ &ﬁJ

1-9 1-6
1-10 - 1946 EDVAC
1952 EDVAC f
Maurice Vincent Wilkes 1946 5
- EDVAC << i < HER -~ BHIR
Wilkes ENIAC 1-6 1-9
EDVAC 1946 10 Wilkes EDSAC

1949 5 EDSAC Electronic Delay Storage Automatic Calculator
EDSAC - Wilkes 1967

1-11

1-12

COLOSSUS 1943
COLOSSUS
1-13

1_14 cc EE] -
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CDC6600 CDC7600 Cray-1 Cray-2 Cray-3
RISC Reduced Instruction Set Computer
CDC6600 -
1-15
1-16 ROM
1-17 CuU
1-18

PSW Program Status Word ~~ PSW
1-19
1-20

1-21 PC - PC

1-22
1-23
1-24
1-25

Ada Java

1-26
1-27
1-28 Apple Inc.

Apple Computer
i 1976 4 1 - Steve Jobs -
Steve Wozniak Apple I 1977
Apple I 1984 Macintosh 2001 iPod
2003 64 Apple PowerMac G5

1-29
1-30

1-31 “c

500 www.top500.org””> “* 100 WWwWw.samss.org.cn”

1-32 60
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1-33
1-34
1972 Tse-yun Feng Degree of Parallelism
1977 Handler
1978 Kuck
1-35 “c PDR Processing Data Rate ~~
PDR
/
= + 0.4x + 0.15x%
=1/[0.85x pus  +0.09x us
+0.06% pus ]
1980 10 PDR
32 DEC VAX 11/782 PDR 101 1981 12
64
1-36 1BM KOPS
Kilo-Operations Per Second
1-37
1-38
1-39 100MIPS 500MIPS
1-40
1-41 /
1-42 MIPS MIPS
Microprocessor without Interlocked Pipeline Staged MIPS R4000
64
1-43 ENIAC Mark-
Mark- Mark- Mark- Mark- Mark-
Harvard Architecture -

Princeton Architecture
1-44
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Distributed
System
1-45
1-46 Machine Learning
1-47 1950 Al
1-48
/
ALGOL 60 Perlis 1966
Naur 2005 ALGOL 60 Dijkstra 1972
Fortran Backus 1977 APL Iversion 1979
OCCAM Hoare 1980 C Ritchie 1983
Pascal Wirth 1984 ML Milner 1991
SIMULA 67 Dahl Nygaard 2001 Smalltalk
Kay 2003 CLU Argus Liskov 2008
/
1978
XCY 1979
XYZ Xiliehua Yuyan Zu XCY
DJS-240 XCY
XCY XCY XYZ
XYZ/E
1-49 “ 7z
—_— W MFlops/W
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“ 7z 431.7
MFlops/ W 7z 1.935GFlops/W http://www.green500.org/
1-50 “< Big Data >~
4V Volume Velocity
Variety Veracity “ 7z
1-51 2008 IT
IBM 2008 1036 5% 18%
IBM 2008
IBM
2008 IBM “ 7z “
7z 2008 IBM 2009 IBM
“e A Smarter Planet ~~
IBM [N 9 a4
IBM ®= & a4 [N 9 + 7 ~= & +
IBM ““IBM
IBM ¢ o
21
IT IT
1-52 2008 “< Computing for the
MaSSeS 7 ~ & R4
1-53 2004 “ 7z
2012 10 “ —_— 7z
1-54 “ 7z
15

2013 9
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1-55 CNNIC 2011 12 5.13
3.56 69.4%
IT
2013 6 13
1-56 “* 361 67832 7
(¥ 7 s & 7 2013 4 15
“1” s 9
APP APP

1-57





