E Rl £ AR 2010 4 %407 1128 ~1 ) o >
www.scichina.com info.scichina.com / SCIENCE CHINA PRESS

FARNE
= B RN ROR MK & RASH RO [ A0S BREN )

R B AT, kst 100190

E-mail: ligQict.ae.en

WE HNERERAEERFHEANARLLEEAESL FTHEEREE. | X817
BRI EN, TEEBKM, 2020 FRHEH L BE R FEEINA AR AR | £ EHEHA
s (F REAM. 21 L ¥ EREA¥HAKREE—FFNES. HEE | kma
BRNVEFOHEI R A 10015 FAE, WRETX 15 F, REABRELE 21 # | witd
LELHRAERTLHBRE. S NLT40, RELREERFBEANEZER | tHE4
SR LEZENGERENERZ . BMARNZIHERS ZEHESE WE | =atR
MM, A —E 7 2R, REKRRE ERFEALRR <& SHM RER | 214

B, ANILER, &8 BB LN FBEE 5 E I HRAUF TR, A EERNER | x4

N F B BRI BFAF TAE. B

1 WEERFRAINRREE

Zeid A Z UL IWTFORISEE, BHEARE ERFERR MR E R EREAR, B A L
LR

1.1 AEREERZFRARAEEZEMEREINE

TSR PR AR R N 2 AT — IR T B B AU CLERFE S 190 B ) Rk
J&) MR RAR Y “20 20 B, AR T DU R 0 0 M B A, i B3R T
T ONHRIERITY . DNA BURHELG M ACRMIEIIS . tHENUREE, XN KRFA BRI S, LR T
DUREH AR R IEEA L .

JLHER, FBEREND R IEIF ) 295 K. UL, 5 8 BSOS Bk 074 B2 M s B, £5
SEARIERZI A N7 30 AT A2 5507 50, 6 BERMN K B2l 4
H KRG ra P N INEE bR, G R REOR B2 — R R, EAF R 5. 2. 6. K.
oo APPATH TR, TR LR 2 E RO B A R A EOR. (5 BB AR CANI 2 T DUF 5T
o BRI AAif  ARBRARE DN 2 (0 TR AR, T SN LAk o o (e REUE S AORLAE A 4K
ISR, 21 AR BOUEEE B REIE A, & MISMNEW RS2 RE (WK 1), DG T RS
(¥ 21 AL U RERHECE AR A B, AT IS BERMI A A “febbeyr (5 BB AR e . IR 45
[A) 224 PR R BB SEEOR | (e MR STROIRE ) TR 45, JL-PARAS R SR (5 S AE FEAE
(EES & NIPS EYSKTETASE K R o ik

‘ SIAME: FEA. fFERRABOR KK R RS AN IR K g m. s ERE: F B, 2010, 40: 128-138 ‘




FEBREE [FERE 40 % 5 1

5 15
MESS [E P E— i E— i E— T — i — "

BE R

| | L L L L LI

B 1 FEEMFERAMIMNESRFEFER

21 HE2OF BB R & T ) A LEAREER e LR AR I RS & (1 [R] I, R S R R AR
MIZAEIE . TR TEAL, SIS R R AR, A S BRI 58 486 ) L2 5F 34
i (KT TR]INF,  SE IR SRR A 25 MR S, PR AT PR 1 AR BRI TG R AN IR BRI ) 73 2 . L NI RR F)
R AL AN S R E Z R RIS (1 R, S sl s o Je By A SRABEAT SR 1A RRH 80K, AL
MBARA N A= Fy P PE DN 22 A R, R SEIN LA SR A TSR E, Rl e 9 aRk . AL di . IARIAE
FHARIAZ XS, AEAREERFE L EORIN K E S G R, RS BER S NSRS, Nk
WU S AAS B 785 T AT 7O (5 B 21 AR AL 2 L B

1.2 MERXTEHiSHRTERY

IRk, THAURME B A 20 ot — M BRI, A5 BB A EOR WG i — 1T %k
PEAR SR TR, IR 2N ER S 2 S B AR S T8, B M T T R . A
LY GG R D PR R, I AR BRI L E K T R L T N IS UL K
M. SRR AN A R 7] B AT B b2 i@ i) e KB, 05 BB 42 I S iR AT

T B 193 J 52 b A A AR S J04E (Computational Thinking)M. T4 JH4E & —Ff
Wed S, R N HOEEAE B, U E) AR et T B i . AR RIIR (SE3CRRO 3R) HIAEHE, T
SN Stk AR I S s e v S S A A . oS IR it — D0 Wl b 5, A3 S ASiqL
FINFAT L T BT RETE BN, FT YRV IERER B (WK 2). vHE IS B g, A
FEFPAC S e 2 NI YE, A vt e R HCA R R BN G i S, AN i er v o 2
T 1) AT AL, AR T LR 5K S 4.

1.3 MAHEERBEZIET = SEXNHER RN

H AT A B R GE, EAR R EASRIRIE T- 40 ZAERTH L AL AR NS To
EUUS, RV R W€ 1. HUBE R34, AfE HARTIBINL, TSR BEBRE AR 1Y, SR
IIPUE R AR1M, A RIVE B Bty N WS 2 TR AN ERGAR, 24
Z N ZHL A RIBETTR M S ATy, RIS | 5 A . AR A s = Jotit 7 (WK
3), I Ffop (5 B S

XA BRARARALAF BB AR A TFE AR A5 BN SO AR 2 P (5 A B

129



EA T RRHE BRI I AN B (1) Aok B i

20142605 FH08 20HE80F KT8 2128
PRt R AEHE HEeEm
SRR Cyberspace Mentalspace

Simulation Communication Embodiment

HPC 4. 5E BREKA

B2 —yIEAitE

/7
/ 5 T X AR 5588
/ MEMZR
[
\ GRS R I
\ /e

\ AWMFRE (RimigE)

AL 5RE
] £ /
C\m-r TV

B 3 AHMAMH=THESRR

e

. FATTTT RN IR A TR R I BTN R ST AT YEM A SR A
2SI TSR TE SR AR i <ok 50 dnfarsE 7 b I R v 5 A54%. T
TN = TetH TS, ATl b AU SR an B0 HUMERAT BB KR4S
RABGA A W] BEAT T SR, R e Pl RV SRR AN ] S R W 2

H A ERE FEHURL AR BRI BER SRR R TSI B AN REML. Sefs b, IR
BRERSETHSLEAE B 2 0T eR 2, A LR TSRO N R TR . TAE M8 PR T, o5 Ak
(REFE) AE-55 M FAW A I R R S8 BT i 58 I SEAE S5 X T IXSRAC A IF R vob B, AR GEIE T
“BREC MBS ATRE L. Qi SEPR IR RGBT A B R A e s (g BR BER, £E 45 LT
AR T SEHURR T A9 S B AR. SEVENT S0 L ROk AN SR A BETE 0 B e ) 2 AN FR A L L
v ll.

130



FEBREE [FERE 40 % 5 1

1.4 EERERAESMRARINE

KHILLK, 5 BRARORDITUN T8 B mE RAas ARSI TERE, FEACE RS 5T7
) BRSPS SRR, TR iR A PERE. DAL CMOS #3F 1 i i © 2 2 TIFE
BRI, 5] 3G SR AN PR DA I 30 P AN ST 20 P Jri i b e . A i e R B g 1 22
BOOTT R FARIIAE . BARARR (L), 3R m 2 Pk e RPEae (LK 4), BIAKE 4 (72
NI AT BT RS E).

2 EERERAEIREKXEH
2.1 EERERAEIGEGHNE®

eI 2L, A BEOR —EEAEAE DR IR, ot B RALBEE . 5 - RS v AL
B, BTG DR, #UEAE 20 A 30~40 FACENEKT). A2 A 2T, REE SR A
R, ADVE 2 L (145 BRFAIEAR IS ) ST AT A3 BUAR . ARYE 0T R R B 2 R p 2R AR R 8] 4
AT, T T 21 el BmE BRI S SR R e, T Rk il — s T8
PR P S B Ry (WK 5).

Hh ERRE B B AU S AT T2 ) T Ik 2 R R T T AT, AR () B AR (1) T

1) A5 BHARANAGHUBFN T HR —FE, goat P/ M 20 1 mridi fe LS, 28 e DABE et 50t o 3= 11
FEGE PR, T I — JOBT 15 BB fidr; /8 21 4, FERFE S EARE S EY) . 9K,
NGB E R R AU —iE, ks 12BN, 518TRSZ 83 E ICA TR, U AR
Jr =

2) AR AR EE  FPEREVES ML, I IR AL A4S, 2020 AFEHT G AR 2 AR e S AT B
AR LR R R (15 AR ER), 228 36 97 I E R 1) U R BAN T BP9 il <15 B
sefi: IR IAT R R A (5 B AR S IIRE; HAE B RS LA .

2] 2020 EAAT, PEIREBH AT, LB IEAEB PRI “J5 BERIAR ) TAT 120 5 22 Hi A
“Beyond CMOS” Hr - 38 1)t tH N IEZE PN PC WAL, Lo s A “mrR4ay ) “i
ANE (B FRANMEAL) FAR, FRARIURE AT B H AR, 2020 AELLE, YO FNLE TR e R,
HAEDAT B ARIEA A SadE, 21 2030 48 ToiEmiE Y Zettaflops 2 (102 flops) K FITHELAL. BEA
“ii IP” BPACEANTT O 1 R RE I RE, WTRE TS 15~20 4T [E) A4 BEFLIE M TCP/IP WMl i JRi PR

Mg
A &, _ S
~~IE
== XK
- S S
i
IR

B 4 FEERERAMRAEMEEES

131



FEA: 7 EREAROR I KA Rt FR B [ (1 5 g H

2HEETHIR
HEIM—RFHE
EERAE®H

20HET
HHESE
RARBEDGE

214848 E3¥0H
EERNSRER
BERIERE

EREARNEMRISAE

7219604 DIFITERIET,

IES0FERRSRBEUS
SRR

1

1940 1960

n n i n n n i 1 n 1 n

2000 2020 2040 2060 2080 2100
]

B 5 20~21 HEEERFSEARRRESETER

1980

RV BARAE LA = ANT5 1) 204 Bt PR RBS: A2y ek J5 T, T R S 2 1L
TALHITATIE, B RBAACH 7 AEARDIFET I, PERETIFE L 28 m )L O AL W] S 2 Ty, 22
BOLTHHR AR, F2k. AEER&ETERS (LK 6).

2.2 10~15 FEHIEKEGHBEA

FET-CL B, AN, 5 BAUR MR TAEEAE 2020 4F LAHT AR R B (5 BEAR
B RO EIR, T AR UVE B RGT EE  RRERE . AR ) MRS HE S 2020 AFELLS, 4
Fe A A B I ER B AR A B W ], 2020 3] 2035 4B 1E BER SR B (1 KA 4541, 2035 3]
2050 4F, FFERE R REMRTENE BN A RSB T

XFE SR TRA I 2 8 s IR TG, ) S0 B 5 FRATEAS ML I AT 10~15 4F 264y
WX 15 4F, FREDEARMELE 21 T2 by O A5 B i 2ok o 2 [ R ERA R R
A5 AR ).

i RENCRFHTE
BREZAP

I {RI04E

=

e

| momeesss | | soeoesss |

B 6 FERIOEHFESRWH=17ME

132



FEBREE [FERE 40 % 5 1

3 uHSMERMERFHAK
3.1 g “EHEZEMBREMERR

M 2010 fEA 2050 4F, TERREAG BRFFHOR S HArZ: MG BEORAZ KIS, #7103
CUBTRITTRESE R e, (R E At N fF Bt 4 Ao R H0h E NSO E B P, 5 B b E £
GrAkh o R R f R PR, AR5 B B R B A RA E K KCE

B SR EVTRHIE 73 e #R2e Il u ARSI, e #ESr 25 BAL S MRIIN BL, u o
F SR AT B 2020 4 LAY FE B4 1) 45 BT 20 5858 S, FRON e 2y, 2020 4ELL Y
HARAE ) u fH2ecd V. u 45 =Fré X, 26— Universal, BI4S G A2 . 8 K48, 25 2 User-Oriented
F1 User-Centric, HJJ [a) 2 FIELH o HoLy; 25 =02 Ubiquitous, B X460 15 MR S5 TCAEANTE.

A JE LN, FRE Kk RefE BB FEOR A SIS H AR ARG it 3% B2 A0 5 B M 45 44
7, fAjFK U-INS £ Z& (Universal, User-Oriented, Ubiquitous Information Network Systems). U-INS {4
REE NI NS 1) SCHEM 2 ARSI S RS 2) TR A4 IS M 4% R4
3) WARE . MBI IR SSHAR; 4) SCHF N TR FEEAR FI™ ks 5) W28 RE: LB s B
Bl 6) B B BN 2 2R XK RAEEL T 21 el Fae 30 [ A g A E B2
N K, AL B T AR T B UK R R ROR. FRIEIARK 40 4% 5 B OV E FIRAR R fe
H A D Aty T AE S B4R R,

3.2 21 HEMERZHFARANTE

FE4E (TR NURLE 280 T-WET T e b Bevt it A Rigm B v 5L, T AEmE 7T ) i)
BB A d e L R BT RIERAE . gk 20 tHAUR R GE . (5 Rt 2 )G, 21
TR PR HUBT I 4818 (Net Theory), KRN WECE il — MR IAE RS, I PR, X — 2 iek
X 9 28 1) i g 3% Je s AR R e D S B IORRAT N M, Internet a2 ] CIEAGIHIL (emerge)
TR, A AR 26— o AT AL R X 468 (R VR Z R AR b, AN BR A Y % (1 B2, T HL 2 9 28 1)
BNIIFAT R ATES IR L etk | gt RN AR

PIHFT A b, MEAUEG R w1 6 M SCHAT 4 B REAE “Science”, “Nature” Fl “Reviews
of Modern Physics”, YA & [ 24 80U (1 = AR T, %441 Scale Free Model JFASF4 Internet [ EL5E
T R REFOEM M2 R %, HATEE Network Science Community Fl Network Research Community
A AT, A REXT RIEAT IERRIATR. BRI T 7T AN = TetH FE ) I 28 JL P . il si iy
FITHEL RS R AR, W Ut AR SRS RRE AT SO T i RO 7 ) . W 2R o g
L 0 25 A S B (RN O i R (R BRI AR &R

AW B 11 (Future Internet Design, FIND) vH&Ie 5¢ B B KB #3442 (NSF) PIZHE AR
RG] (NeTS Research Program) 1 —ANE ) T K KT U B I, FIND B AR AZLE 15
SEJ5 IR AR 48 () T SRR AT A, SR AR 59 52 90 4 EUIR, IR sl ) 317 s O B T A ST ROk, 80O T RA R
5 /N ] g

o 4% I 5 EEGR LK HH 43 A AT e

o i X i JRUE e 5 EE AR (%o v JRUER PR T Clark ZB3RAE 2009 4FEA— X FIND T /E&il b
A ¥ E2E RSO trust-to-trust J5I, BN H] A BEAN — 8 £ 20, T2 JBCEAT A2 0% AAE AT RE T
fffi 58 T 25 4% 1)

133



FEA: 7 EREAROR I KA Rt FR B [ (1 5 g H

o BRI FIELE, RS E 5 IF

o FHZEFA AL Y5 )

o ST UAUERI £ i 8.

DL A 73898 K L E R RRAS TR U], FIND 300 H (ORI 5T A 2825 B AT VR 20 10 i s {5 VAT ) e
WA eSS B AT IIAT 1 & BB AL, EHCT-HRRIRAT &, & rran e HoR AR

BOE AR B AN ] T AR TR, EA RN SR B AR &Y 5, T BN
Be, A2 Re 51 R W IRATTAS S L IR 0 288 7= i L AR 2%, DRI, AV D75 B2 30 I AR T AL 381 PR A KA A 1
Hib.

3.3 AL M S M

A I 23 22 5 AT S L ) B O 4, 1SS My B 5 045 BRI AL B, B B R 48
(Cyber Physical System, CPS) MFR A, 27 tH 5L PRt A2 T M2 R4, FET)RE 2
P ). Al 28 RIS ) 3 AR e T 9 T 5 AR 0 AROK L AL S5 A AN ], i o e B Y
2, B ALV SR, EATTER AR ARAIZ AL 1 HE A BGER . A% S R R IEG I i ST £ 22 2 R AT X
MIZREWETT, W RGHAE . J62 T 7 2R a8 2 s

WRAETFHLELR AR A1 2E (29 3 TR, PC HLELN R b M IR m 2 ) R A (2 2 TR,
PR 2 (B G & FIGEAT RFID FR%E (JoENMbREE) i) w2kl AR A LR (20 100 )
i), M40 N A

P 2835 - FAHL : PC ML~ 100 : 3 : 2.
NI I A A B K LA LL, 5K R R T BURLA PO A K
G5B, 5 I 9 A — AR K I, —Fi kol RFID 7T
A4 Niche Market, 1 2HE AL K. RV T3 15 RIEFHUA PC HURF i1 B8,

B N RN B MR AR NG R GE, R IRSS 4% (105 7 i B O Tk B LT AN 2
X IZ L ik N U NI s R AL I A5 AT A4 L 3 ROt TR, H 2 21 205 A
OB I BRARAT 55 TRIE AEAL S « RFID . AR Ik R0 2 W HI 45 77 T Ly [ AP G HE KA BN 22, BT R
TRAL TR U AZ DR, AEFAR RHE B4 S KR S5 AL

3.4 ZTIEMUNAER—TERH LSRN

HAE: RKNRS, ARG, ALY 5 RERGHECEN E 2B FKC A WIELE, WG
15~20 4, TFARA A NIAET - MO TS ILG. XL, <= Z a4 (WK 7).

FEHR R, £E 1880~1900 FEMITA], SEEAIZEE R A/, ST AW EHR AT 02
IR B, ARAT RS SZRFRA R REHL ). IX T 8L, 20 AT, AT 10 BRI | 32
PR R L 70 A A B4 T SEBl ) R G RR &, 5% FELE 7 BOR T 42 11 g 1 X
VR AL T, FAN ) A I il AESR T 2 R R Jg, i se LAy sURMAT A A5 9 48— 3 JLAE R A1 A4
BT A AR e R RE LI R S, 28 ANREUR R L 21 MHZCRENE TV S5 R I B 15 )
. HHTAR 2 R4S b By B AL S [ A A TT AR B 1R s AR AL, 5 R 4 L v 7 A
2, HEL DI - Sh - R ek e

TIPSR G CEER R, A7 R YR BRI AN B, BRSO
I MRZER T A “BErh — i Hedfr, TR B FOE AR . 2 g R EE R

134



FEBREE [FERE 40 % 5 1

5 4
e

WU ABEE

RS EAS
‘ SHERMB I EOHT

\ “EIHERREEATIN

......

SOA. MBIE. ABITE.

ML SaaS. PaaS. laaS
2K il l
AOIEMoE B | me= WRITWAKED
KA DBMARAL s | e | SORIRS
R KA - EP-IRSSES ARS5ES R E =& LESTESME
- 1960 1975 1990 2005 202’0
iE

B 7 EE~ALs “ZBEER”

EEHS R — DR B 2 SIE N T SRR R 55 R R R ka sy, KDL T 15 R R g R4
R —— e st

UL R KR AT = R IR A, s o M ORAIE, DO SEBORBSE, T HLAR
UE 24 /NIANIRN A AP AR IR R IRART DG — R LR e T AT 4o B AE ST 1, LA
MINIBET 00 @ B I8 AT S P BT B SS. = vh o <k R B EAET W k.
FUICTH W TO5 4 AL, BTl @ BeEE O, IRIEATICR:, B2 D2, XL hbxt
R TS SATAR = T A AL BREAR AN B R MIRED I = v ST 2 HES) ), Rl
LA VMware JACER B EAR BRI TR I HES) |, X86 1 & AU BOARZ B eI % &, A
T PO B AN, — PF 2RI B8 D A, X0 v S & Rt T 4 A

TS E A A AT, FORHARE BEEE P MBI EOR, 45 R IRAT L. =ik 5
YLEESE RS e iyte iR Nv7ae o} I T N S S W AP < VAL S [ BT E el b7 A STV B 2 S P 5K
AR R Ji H AR Z A2 B DU oA s, AN DUIRSS B A b, ZZAH R Client-Server 4544 i
A Mainframe 458 ] REAEBLAR (45K, 5 BN T-RE L, 5 S AARAE B W o BRI =i A
AN/ b, BAR AR Bk SSAEATREA ) T 0. IR, JRAT T B S RAF G5 BAS O . B RL ™
HL 28 AR R 4R

4 FEESGUSAYKEREERE SR
4.1 BSERAREZRRKEE LBURT AR ELE
AP RGA N : BHEBR I R REARMETIUL, BRI AR, EEREER AR MR 30, HoR

135



FEA: 7 EREAROR I KA Rt FR B [ (1 5 g H

RO A MV H e T2 A T (E G R B T AR A BE A I AR AR e, it AL AP AR KRR I
PET NIRRTy 10 6 il S5 3 BOR AR N7 A e il a2, T H 05 3 LA
BEATIAT e R AR IR 7R a8, BRAGBE T2 e 25 0 BOR S B ik Ak 17 S ARt BORAALE —Fif
AR, ] DRI AT A IEFE M AL . SRASEOR I AL ot O ME —A 72807 At 2 AR R
FIBARIEAL. XA N A, A BRI, AT NA G e, XS —MERRIZEE, B2k
FATIARA E S SR B S, S SO I S SEO-PA L SO NIE . SELAT QI3 PR A A
A MBS, BrERY HOF A AR T4 A T B T AT s e il dn, 613 56 A
T3 AR 0 1= EEENHLIF AR LR BT, TS 253105 I Fopr RS ik i) TR HESh # IR AL L3RI 1Y (1
TS AE T3 2 A 5E Bl ZE ZEEE. DAL, BRI AR ST P e, AR 2 T8, B A 8k
By JEE L k.

PR (N LB JE AT R R TR, R T SEAL A UKEN ook (O o S 50
IR TR, AW AR A UKEh 7oK B TR TS ARSI AL, 38 8 S SR A BT IR B BORTEAE O VIR
2009 4F 11 H 3 Hil S TR ) i #ARH A AR CLERHE S [0 B TS5 e ) R v i i e 4%
BTCRIE L PP AR R, ] T LR RE, B TR IR R I, DL Bl A s S Ak ik
PR R FT X s v, B IR T 5 R b AR

4.2 i 5E D BFRAYSIER

fuf A% B TR EE L AT EAR 2SR B T e B bR B RAT IS PRI VL (PPP) THET,
2850 R 2015 SRR SR, A TS0 107%, 2030 4EEAH Y TS50 138%, 1428k GDP
23%. 2008 FFE A GDP C&eliid 3300 Lo, I B bRt TN TR BT ML AT
I AN¥) GDP & slidZilr 1 J79670. Wik, )R WA, TR A3 GDP 1 i it ol
5000 I

FEIAB TS 03 A6 STk 9] il DAL R e Y GDP IR (WK 1), nTBUE Y, FRE&IA
H K e N LSRR N LRI T . 25 b, £E BIU (25K ) AR IT Pobsad s, &
ST EHEE, 2009 4EHE 39 £7 (W 2), Eb 2008 4E ETF 11 47, {5 R&D 8555 1T FEm v i1
B URARE. R E R R V. TR — R A Pk, E AT B A TR
FK R R AT B 2B R i A, A IR R R L BLH RS . AR K G,
0 R A GE R R R R s, BN RE RS BRI BN, AN REAR SR R AL, IR EE 1
C s RS WIS, 15 SN 25 77 4 HURCHS 15 1 D AHAR 1) 608 DT ik, Rt 1 5K A 22
BT ook e RMIE T A

4.3 FE53|H “FF> #ERE

LI E 1) 2006~2020 AERFRE AR AR IR A0 B P AN B L) H bRt B 62055 16 DTk
FEFR] 60%; SAMEARMALEFFARE] 30%, RI-FRAFERHE TTkE 2 /DB = 1%~2%; XM ARAKAE
FERFAE /DB 1%, X — “Z7 — “B5 ket ERHE RS, R, iRYE E 45 Bt & AT O
45k, 2002~2006 “EFRE BRI G M sk S 20 2D 90 SEARHT 37.8% FFRE] 10%, (B
TRoTRRE T 82%). AT NN EEI R A R AL, T4k SN TR B Rt i R R R B ), A A
FoTiRE (IR DTk E) (M BRIk

1) WEEMIT 9 H 23 LIAEH IS L=l R R 2 1 R YF

136



FEBREE [FERE 40 % 5 1

x1 TIHERS GDP BxXH

TAlAbF B H—BrEt B BB
LU bR AN GDP <300 FI0 300~4750 FI6 >4750 FEI0
HiAbR i GERD/GDP <1% 1~2% >2%
FiARBIHH B AR BRI R BlIGER AR

* 2 2009 F£HFR IT mlESFHHA
He EEMX 85 NVERES 1T JEREWEE A JJEA  R&D B EEERES % 1T IR SR

(x0.1) (x0.2) (x0.2) (x0.25) (x0.1) (x0.15)
1 B 78.9 97.3 81.3 75.6 61.3 92.0 88.6
15 FEAG 634 86.5 61.5 55.0 59.1 73.5 61.8
16 i [ 62.7 79.7 63.2 58.9 57.0 67.0 62.0
38 e 36.8 46.4 27.1 53.1 26.4 42.0 35.3
39 HEAR 367 48.8 13.8 57.9 23.2 59.5 38.2
40 L g 36.6 73.6 21.6 315 17.6 49.5 61.6
44 Bl 34.1 59.0 1.9 49.5 22.0 48.0 51.0

Vi A5 O REIRGE

B KRR RN ZE C5E T R RN 7 et A Ta00 . E R, SCik
J FIGUAK” . MAESERR TAFH, IRZBIEN R AEE R SRR e, AL s BN 5 | R K. R
oK 10 AFEA IEIX W, SCHEELG T <PIT AR,

[P 2T I 30 AFAAT BB AR AR R DR, R BATIRBLERERRLT (1 /0277 38, 30 4FR
FENL BT R IERE BHART &, SO A0 A CIE 1 BEaos, AR QIG5 AT, I8 T4
[ SRR AT & ERORHIE A, THRHLAUSEA_ EANHE L Wintel & £ 8% 008 (HIXFE b &
R A RAMEG I GUWE IR, ANEAL < mEs i, MR RESE B AN B SR TE 17k
SCHERRE BN 5 | TR HT AR D B BT A =R AN [ 2K AT T 258 T RSB BB
AR, ANWTEE s BOR QIR K

4.4 EIEEBECIH. BELRZE

A I 10 AEZH EAE B AT E S AL L AL R THEEHL. Mg BNE RIRSS RS, Ak 10
SRR EATREAE AR, L O R EEOR AR, 4 R 55 A R s 25U x b [ L
A, AT X P e K T A5 B S PRI R G, S5 4 R R e T AN 3 T

FETFIB RN T3 O TR A0S BRI &, S RPAF2 NN <SS el e
57 I SE SCBEAERIAR, TAE T BUA K I PLLRHES # A FIE .. BHESE 4 B2 A, Bedll
TS AT RESE FATTRIRIT AT, JS AT REI KT B RN B, AP Ry (1 32 608 R R B M
B SRR R 58 J i 1 i R

5 4ig

21 2l B R BRF ARG UR — I i 2 i, 110 D7 2 B 25 R R XS LB I AT 10
~ 15 FZeA. AEASK 15 4F IR FEE BAERH N 5 A0t DA EUS AR, SO, R oLl “fF

137



FEA: 7 EREAROR I KA Rt FR B [ (1 5 g H

BEARE, FRZOHAR, SCOUE S, 300 ARRE TR R I, (e A B B 285F FLESE -
QUBKEN . N ERE I .

Biff AXEHEIRFEE S FERFRITEIARARTREHEAT R E®, HFEF 1 THRK

Tty — &k, 3HE 3. 4. 7 5l EREHNHRE. AXE 2 THLWAESE R 4 FHIARA, K
XAEF A EH CFEZE 2050 5 SR B RELE Y BEH M, 5IRALE KA ZRZRITH, &
ARZ B, b —HB0H.

B2 3k

0 N O Ut R W N

©

138

Wing J M. Computational thinking. CACM, 2006, 49(3): 33-35

Lampson B. Computing meets the physical world. National Academy of Engineering, The Bridge, 2003, 33(1): 4-7
FRAER R K. 25 AEVE T I K. AR A28 2% 18 303k 5 10 . dbat: RiS5EN451E, 1986. 1-20

P RE 2 B R RIS AT AL T E 4 2050 SR BRHEOR 2. b st Bl L, 2009

Nye D E. Electrifying America: Social Meanings of a New Technology. Cambridge: MIT Press, 1990

Rk Byl Dy Rk TR, dbat: ARINRAL, 1972, 23: 204

W F AR, ) Tl Aaimtl s s, R4, P Aba: s E RO R, 2007

Maddison A. Chinese Economic Performance in the Long-Run. Paris: Organization for Economic Cooperation
and Development (OECD), 1998. 194

BT PR EOR BRI AL M T RS . B SR SR B . 2002



