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THREPLFER R RN
o 1936-2022, R =AM H]

o TRk

2022: ~ 5.3 US$ Trillions
5105 TT
23KGDP=100/71437tH15%

2000: ~ 1 US$ Trillion
1731437t
2 FRGDP=34 /3123 7t H13%

1960: ~ 1 US$ Billion, 1237t
2 FKGDP=1.431¢.3 7t 10.07%

1950: ~ US$ Millions
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2022: ~ 5.3 US$ Trillions
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4FRGDP=100/3143% 75 H15%

2000: ~ 1 US$ Trillion

17137t
4 FRGDP=34 /5143 5 H)3%

1960: ~ 1 US$ Billion, 1237t
2 FKGDP=1.4 /31¢.3t1110.07%

1950: ~ US$ Millions
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Philip, and Phylis Morrison. “100 or so BOOKS That Shaped a CENTURY of Science.” American Scientist 87, no. 6 (1999): 542-53.
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TN

Paul Dirac, Quantum Mechanics (1930)
Albert Einstein, The Collected Papers of
Albert Einstein: The Swiss Years: Writings,
1902-09 (1930)

Benoit B. Mandelbrot, Fractals (1977)

Linus Pauling, Nature of the Chemical Bond
(1939)

Bertrand Russell and Alfred North Whitehead,
Principia Mathematica (1910-13, 3 vols.)
Cyril Smith, Search For Structure (1981)
John von Neumann and Oskar Morgenstern,
Theory of Games and Economic Behavior
(1944)

Norbert Weiner, Cybernetics (1948)

R. B. Woodward and Roald Hoffmann,
Conservation of Orbital Symmetry (1970)
Albert Einstein, The Meaning of Relativity
(1922)

Richard Feynman, QED (1985)

Donald Knuth, The Art of Computer
Programming (1968)
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o 20064F: FUIHE KR “THEIE4E” 183C
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Program - Program % Instruction X Clock Cycle

o WHIRGEMES BRI = EIFSIA 2% x CPI/ 4

o HSIMHENUEMER T
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o 20194F: My AR (02wt I 5
(the Trillion-Device World)
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o 2056%F: KIRMLIE LR E120 AN

THEPRE SR
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2. 12108, XA EENA /RIB4F23 b &

®» @ ©® ©

@ ©

S

TR RS (Scalability) : Bk AT RAE I RGL . 20504E Hij i 2|
B R (Turing Test) : & vt H ldc B R MR THEILR S

BFEUT (Speech to text) « MIRETFSEHLARSE, RO (X UERHEM A—FEUF b A UHE

FHEUL (Text to speech) : METTHENLARS, BEBAZR U RHEN N —FEHHE.

HNFE (See as well as a person) . HEITENLRG, BREHEN—FEHMNEWITHN.

MNEFZ T FE &S (Personal Memex) o idsk /N AN—4re. & i, JFaebdtes, (HEAMME
o3t e VH T B AN N RS 07 0 FL W) SE plAS 545 FH AliAR
ﬁg?gﬁiﬁ%%(WMdWmm)o%ﬁiﬁ\%%\@@\mﬁiﬂ;?%ﬁ%%ﬁﬂﬁ%%ﬁ;
: SR HE T o

2 (TelePresence) . M NHIES — T, Ge5 UM BA AL G, B HI—F.

ToifE R4t (Trouble-Free Systems) . METEN RS, ettt A ANHEMEH, HERFE I AR
EIRYE

T4 R4 (Secure System) o PREE DR TowE RS R RAH P IR AEVER P ANBEREAS SR P AR H .

EREATREMR BT A . F X =Fhee 41k

Zgin] HE (AlwaysUp) . frRfE_FB ol 248007 A 512 99.9999999% (9189) , RIEE1004E A4 H
R, UEBH AT A

HzI#ET i (Automatic Programmer) . i iHH—Fi 2008 S8 H 2 5 m, BE&5 M. (1) @M,

R RISEE N AP (2) ®R, REWFERA—TE; (3 H3), 1HEVLEEY B3 ixkit R

& (4 G, RGBOvHM; (5 R, Al N RN R SR B SMEERE . .
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Iy

51200 /3. 4R

Ay R R4 (Scalability) : WiItHEATH B1E IR RAEEM.

B R MR (Turing Test) : wit Hmrd@ s B R WL v B R S

FHENT (Speech to text) : MEITHILRLGR, BEWGUEHER N —FEUT 8 N dEig.

BB (Text to speech) : WMETFEAILRS, fetB R Ui BHER AN —FEJFE.

HANFE (See as well as aperson) . MEITEILRSA, BB N—FH1BFEWITH,
MANBF B E RS (Personal Memex) o ik M AN—4PriL. g i, JFRethiEf =z, (EAMAE
o34 e T B AN N e T HH W SE R4S 5450 FH RlA .

EIRBUTHRTE RS (World Memex) o FTE XA, B, BIMEG. 080 ER, LR 0 0 A S ae 77,
PUE KT R BE ST

w2 (TelePresence) . BN MBEE S — M7, A5 LA EAM A H, RS H I

%ﬁ&ﬁfé}i (Trouble-Free Systems) . METHEN RS, et D AHEMERH, HEAF IR
B

TR (Secure System) . PRFE B ToiE R G RXTRBUH P IFEG AEVEH P ASREREAS AvE P AE R
= BRATREM BT BN . F B IX = Fhae 4k .

Rl HE (AlwaysUp) o fREE FIR ol 22 40 10 mT P 51899.9999999% (9419) , RIAE1004F 74 H
E1RD . UERHIX R AT A

H 227 it (Automatic Programmer) . Wit —F 208 S 80 P 54, B850 (1) M,
e RIAMEB N AP T:  (2) &R, REMEEHA—TE; (3 B3I, 1HEVIEEY B39 1F 1% 1138

& (4 G, RGBOvHM; (5 BEe, Al N R AR R 5 HR E SRR .
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B HE RS GERUTEN) EWT RB1054%

o Linpack3:ife 7 BUAS I SEBR T S BE bR, THS T8 2 (1) PRS2 BERD BIAT (164 EU R /s SRR
o FugakuXH 1 HIZZIFATHHHY RSP A R 450, BULRSGEW AT R, &2 nlilk
INENS A TEE R, R SR FE SR T 2 BT v SR EE 1275 1%

o Fugakult] “Z A% RUERE M LR 14 RGM H Ry 1271
AT B[] 19934F 20204E 1993-20204E 1 K% %
ik 25 24 R Thinking Machine CM-5 Fujitsu Fugaku N/A
7] KA N = 52,224 N =20,459,520 392
THEE 59.7 GFlop/s 415,530 TFlop/s 6,960,302
F 32 MHz 2.2 GHz 69
R 1,024 cores 7,299,072 cores 7,128
NAFED & 32 GB 4,866,048 GB 152,064
DhE 96.5 KW 28,334.5 KW 294
A US $30 million US $1 billion 33
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fiF TeraSort & ARy, it P bR AT 1 TBREZ 2 /D (A
o HUHAMERIRME, RH “PUEE+REIENAELR” Gt RiRE

o FUTANT AL, EENLLLEAT SR BT
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%{@%}? 1000 B o5
AT E]
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M 234
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Wi R A4S (Scalability) : &iFHE AT RBAE iGN RS .

B RJA (Turing Test) : it HAE B R WAKTHHEILR S

BHENT (Speech to text) : WETHFHENL RS, BBEUNEHER A —FERTEANHIE.
BHEYL (Text to speech) : HWEITHN RS, BB EUWEHERIA—FE.

HAE (See as well as a person) . WETENLRS, BBEN—FERINFWITA,

MANBERZEZR S (Personal Memex) . ieFMA—4EPTE. g W, HEIRERR, BEAMUEA ST

TH B E NGB 1 45 H W SE Rl A 5 4 F LA .

ﬁgﬁgiﬁ?‘ﬁ%gﬁ (World Memex) . fFiEXAE. BFE. BE. SHERN; EXBASVTARHERS; PuE
W R BB )

2P (TelePresence) . B ANHIMER — N, BEJMFBEMEMARZE, FHELSHI—FE,
?E&ﬁ%%éﬁ (Trouble-Free Systems) . MEITHEN RS, Wt a I AHEMERH, HAF IR Q&4
H o

ARG (Secure System) . fRFE PR To MR R G RATHEAUH PR B P ARIRESZHAERH. BEE
AT HEM BT o EIHIX = Fh 2t 41k

R A (AlwaysUp) o PR b Joillbs R g n] B PE51299.9999999% (91-9) , RIER1004E A HAS1FD.
E B IX FhRT A 4

Ha#EF it (Automatic Programmer) . i —FIZ0E S8 P A, B&5 MMM (1) B, grkis
RN (2) B, BEURETF—T%: (3 B3h, HENLREY BshHmiFiZikitRis;, 4 SH,
RABNGH;  (5) &Ee, "EH N W AAAE R 70 Sk B sh e m AP
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HaeNMAHEHF B R
#EfER: Turing machine has finite states. But random

e ChatGPT, GPT-4, %T%E;J%%E (Dee pSGGk) access machine seems to violate this finite state assumption.

How to reconcile this contradiction?

MR IR HRMRRRINA

Reconciling the "Contradiction":

® %‘:yz‘ + ﬁ:jj + i&*}% ’ U\ &;ﬁﬁ/\ — J\ /)? E]/J % é}_li 1. Both have Finite Control: The core similarity is that both models have a finite control
mechanism.
® /fEl |7L§T£l 1“% EE’ E/J B *T {:‘F@ TM: Finite set of states + fixed transition table.

RAM: Finite program (sequence of instructions).

This finite control governs the computation step-by-step.
2. Both have Unbounded Storage:
TM: Infinite tape.

‘i'i st ’\'}‘, AN [ Graphics Workstation 11-14830,
Institute of Computing Technology,

11-14830 @i T 4%t Chinese Academy of Sciences
20720102-1483( 20720102-14830.

RAM: Unbounded register array.

This unbounded storage is where data (and intermediate computational state like head
position or memory addresses) resides and grows as needed.

3. "State” in the Church-Turing Sense: When we say a TM has "finite states,” we specifically
mean its control unit has a finite number of internal configurations. The complete
instantaneous description (control state + head position + tape content) is not finite. Similarly,
the RAM's control flowis determined by a finite program, while its complete state (PC + all

memory contents) is not finite.

Conclusion:

There is no fundamental contradiction. The "finite states” property refers only to the control
mechanism of both the Turing Machine and the Random Access Machine. Both models
H 5‘.7 j:EI nn‘ﬁlﬂiﬁ’% ( E ) i’ﬂ%%ﬂ%-‘[’:l:*}_[x ( EI:I ) A Eg%l ﬁ%%;ﬁg ( E ) supplement this finite control with unbounded external storage (tape or memory registers). The
ability of the RAM to directly access any memory location does not violate the finite state
principle of computation; it simply provides a different, more efficient access paradigm to the
unbounded storage resource that is also fundamentally present (though sequentially accessed) in

the Turing Machine model. Both models capture the same notion of effective computation.



@@@@@@&

S

© @

BTE120&:

Ay R #40 (Scalability) : Wit HE AP RB1E SN RSE

Bl R (Turing Test) : #it-Hmld@ i B R AT ENL R S

BEENT (Speech to text) : MEIFHALRSE, BB AR U BHE AN —FEWTE A HE.

FHEUL (Text to speech) : METTHENLARS, BEBAZR U RHEN N —FEHHE.

HNFE (See as well as a person) . HEITENLRG, BREHEN—FEHMNEWITHN.
MNEF T FE RS (Personal Memex) o i M A—4 . g i, FFethdsfe R, (EAME
A0 Hr o TH PR A NBes 17 48 W S e AR 5 4 FH AR .

ﬁgf&gﬁﬁﬁ%% (World Memex) . FrEXA. FE. BB W0 BN TR0 M ERR )
PG 2R R

2 (TelePresence) . M NHIES — T, Ge5 UM BA AL G, B HI—F.

THE RS (Trouble-Free Systems) . WETIENLRS, B MtEAANBEMEH, BEREF—ISFEA
REHELER

ZE RS (Secure System) . frfE LR TLHERSG R XNBENAHAF R IBER P ARHEB AP
. EEAMREH TN, IEHX= e,

RAA AN (AlwaysUp) o fREE IR TG R SR AT A 14 5114£99.9999999% (949) , EI1004FA4 H
1P, UEBRIXP AT F .

HzI#ET i (Automatic Programmer) . i iHH—Fi 2008 S8 H 2 5 m, BE&5 M. (1) @M,
R RIAMEBN AT B (2) &, REBCFRREA—TE; (3) B3, 1HEVIEEY B34 iF 1% 3R

& (4 G, RGBOvHM; (5 R, Al N RN R SR B SMEERE . .
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o 9660077 H WV F IRAFD AT IE . WIS R Bk, DrRIS IREE R 55

o BT AR AHE,
f 1 304N, AR 2 A

20164E %5, 20215 sEHIANB00£ 1470 HIFi30£12TT

KPP EFERKE CRE R BURER N R 60077 25 o
{X47200% 4 HARN R i — S}

Wi
AR5
O

|
< RIS
H
|
A\

o I

FOME. iR RS, HE A NHEMEM, R o g ey
o ZIK/ARGIFF6600% HimEkH Y, F B =T RA &I TR is 1T 4E
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=K P BB RS RSG5

o 4660077 H NV IREADAIPIE . WIS Bk, OrRIG IR B AR S5

/

o FamT AR AHE,
f 1 304 5N, FHIAE 2 5

2016 AL, 2021 AS00£ 1470 INFL30E 14T,

P E PRI AR UR A A 2 woras 2 B
2002 &3 AR A5 _BRRASAE S

Wi
AR5
O

|

i and BN (EE
|
A\

o MNP
AN ARG, R RS RS SR R AR PR RS A P L (5 A

ANFTREMCBTHL . IR IX =Mz 4k
o ZIKFRGELIFIZEMNRI | ER =R etk HAGEEC ™ Ik ]
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=K P BB RS RSG5

o 96600/7 H RNV F SRAADHL IR . PGS BURARS.  ORES DR [5 R 55

/

o Fum T ARG,
{1 30N, AR 2 %P

20164 57, 20214 52HULAB00£ 1276 GhFi30£ 14T,

PRI <A E BB SEHEAA H% wrsms 5 [
IV H200% & AN G _BRASAh s

Wi
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O

|
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|
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T12H: FF

A &40 (Scalability) : it th&E AT A IS RGE5 1 .

KB R M (Turing Test) : ¥k Al B R W EALR S

RHENT (Speech to text) : METTHENL RS, BeBZ U EHER N —FE0TE A .

BREWL (Text to speech) : MEITHENL RS, Re B U BHE K N —FEFE,

HNE (See as well as a person) . HEIHENLRSA, BRBEN—FEHMNEDITNHN.
MNBFE T EE RS (Personal Memex) . idx M A—4FT1E. BrE. Filr, Jreetidite®, (HAMUET
ST TH B A NBENE U HE I SE Rl A 548 FH BA

R E RS (World Memex) » Fr XA, B BIME. M ER; T RKEB 0t A 2268 71
PUE AT R EE /)

2 I (TelePresence) . ML NHIE R — My, G5 QAN A AL B, GBS H I —FE,

%E&ﬁfﬁi (Trouble-Free Systems) . MW HI RS, e fta A AHEMAH, HAF N HEANRG
B

T4 ARG (Secure System) . PriE b ToHE RS WA P RG AEVER P ASBERRAS A VAR PR A
{5 B RAIREME B H . TIERIX =Fhzz 4k

Rl % (AlwaysUp) o fREE_ b ol R 480 m] 1 51899.9999999% (9419) , RIRE1004 4 Hi 4
10 UEBHIX ]

H3IFERF R (Automatic Programmer) . Wit —FMLESHAHAFH, R&5MER: (1) BH,
EBREIERENMNARNRT: (2) B, REMBRA—TFH: () B3, HEVEBEHRFXZR IR

& (4 B, REBAZM; (5 Fae, WENNAHRFFERNRTE SRR B3R WA
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=P HERMI AR5 R St

o 46600/7 H HHRNF R AEADAL P L NS ST, Bk A, ORI PRBE AR 25

/

o BT uMmARGHNE,
il 1 30 A -5 . HIAE 2 A

20164 K57, 20215 52HUAAN500£ 1476 GiFi30£1247T;

MR “ BTSN S wnnms 3 B
UH200% ZH AN R _BRASAh s

Wi
AR5
O

|

g | KN
|
A\

o M InREI D

FA20FE: IR . W RO ZE F B P A, SR IE R T T
o =K FER I BT 77 A BRI TR S ek BT TERAR R4t

o HIRFIFHZEERNANT A Wikss TPR T HEE. BEIF RS EORPTE D B2 TR, (HZEIK B

T ER T RIS 5 I R AT AN R 4t
o NIEJUAIRERM TS, A SR F P FE AT A8 A HE 8 56 B R SE LT

o [HURZ A HENIAT K RS R
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RIS E

o OPJ: HEHIZHE

g

i) ;i 52 1]

~HE PR

o WyHESER) 22 IE SRR AT B = AN AR
o ENIAC: 445 /o5 gg# R, JF/a 1 60FEieiE
o 2005%FJF4h, RERAHLERARIT IR
o DARPA}EH 3.3 POPJHI Hbx, REIKIEIRFHERL

BEFHENLRGH
HE. BER. Thit

REDSSRE

Z: Zetta, %, 1021
P: Peta, 1, 10°
G: Giga, &, 10°

K: Kilo, -, 103
70r) g
1.E+24 — <
-o- FRIEEY .
_ POPJ @
1.E+21 --FEEEH /
/
=+=1113E () . /
1.E+1
+18 & 23R
e CoPJ iR
£t 3.3 POPJ
1.E+12
1.E+09
1.E+06
1.E+03
1.E+00 -

1850 1946 1957 1964 1976 1985 1995 2005 2014 2022 2040? 20YY 2272
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THHE B YR
o T FS

o T
o KR TIE

A &4t (digital and analog system)
FromARg. ERENM (B E&EE
AR A TR SR AREIR Al R

\ 20\ 20

Theinternational journal of science / 30 May 2024

hEE 2 (University of Chinese Academy of Sciences, E#rUCAS) EHERSEE
ENHsEr:, Bh TSR ABERRAA. (EATERSERNEEARSES, PERS
B R SR A A SR A AR S =R EH.

RER SR A BREEELL HEAE, MRESHENE. EEEESEETaKE
RisiAA, ERERReEa R,

f /MIXING

Image Chlp combines
cognition and action
to sense the real world

Intelligence test Limited span Eyeofthe beholder
Researchers reverse How climate change Neural network
engineer Al systemsto  coul theriskof  mimics male fruit fiy’s
unpick how theywork  brid apsi quest fora mate




3. R ARERTER: Al4R (Al for Research)

o AI4R TR

Al4S(Al for Science), AI4SS(Al for Social Science), AI4E(Al for Education)
e Al for Math, Al for Physics, Al for Chemistry, Al for Biology, ...

e

o Blht 7 yu AL (paradigm shift)
g, sEie, Bleg s GE=EE, B, B RIER)

o B HLA TAE
R 5 45k
RhS s s Cp Rl B B R L)




y SR 51 I DR W

o ‘Riil. ZZ[AIHIH
B SLIm gL

o A HE

3 =yu sl ITEAUEY
o A fE T

Hve sl ZdE b B

o TR

Fhye: AR

e Al4Science

o H—MEA fﬂ%ﬂﬂ%ﬁ*‘“mjﬁiﬁwﬁ
BRI 4 R 4 3

R

3% (paradigm shift)

Formulation of Hypothesis
as Mathematical Model ‘{ﬁ%ﬁﬁ
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Editorial, Pervasive machine learning in physics, Nature Reviews Physics volume 4, p. 353 (2022).
Wang, H. et al. Scientific discovery in the age of artificial intelligence, Nature, vol. 620, pp. 47-60
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WHIAE: = 3x[CS101(x) A TA(x)]
éf—%l‘? Vx[-CS101(x) V = TA(x)]
R B — A [R) 742 S FLBLp,
/vﬁ/@ LA, HASREA R A
~CS101(x)
1% —TA(x)



EAR 7

° 4 ET?J%/I\LNE, i

I~
b3

VAT AL P 2

o BT Fﬁﬁiﬁﬁﬂ@ﬁﬁﬂﬁﬂ%ﬁﬁ HGOIE 5 -

o W¥E2: FREKGHEGOE F A Al oy N —F iR IR
o Ziit: AL ENTHRIFIIE S A SO N SR R

o Pﬁéﬂm’ﬁ_mﬂﬁﬁﬁ A5 FH - FE D)
wﬂlﬁz’iiﬁﬁiﬁifﬂé Lo SR P A B 9] IE A 1

R, ks et dE 2 1B
o XFﬂﬁmﬂ?

e CS101(x): [F%x biditFle

e MasterGo(x) : [A%xf5iHGOIE S

o TA(x): [FI%xAl A T —FitFl IR

o HERAX, i H P
o WHREHAAMAF¥a,b,

FLWU R
o [F]%a: CS101(a) = MasterGo(a) = True, TA(a) = False
o [A%b: CS101(b) = False, MasterGo(b) = TA(b) = True

o ALWALRIEIRI2E AL, HERA L

iR
Vx[MasterGo(x)]
Jdx[MasterGo(x) — TA(x)]
3x[CS101(x) » TA(x)]

WHE1: Vx[CS101(x) - MasterGo(x)]
WH#E2: Ix[MasterGo(x) A TA(x)]
4iif: 3x[CS101(x) A TA(x)]

“ﬁiénuﬁf XT, e A

WHIAE: = 3x[CS101(x) A TA(X)]
%ﬁl‘? Vx[-CS101(x) V = TA(x)]
WREBAR B — A [ 4R S g
W iedE, HATASE X

~CS101(x)
E‘Z —|TA(X)
—|TA(CL)
~CS101(b)
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https://course.things.ac.cn:7243/

3.3 B RYLAE R,

o B RHLAETSKAFAE R AT T35

R PR 4

7] &t

Hzh 5 WA ESR RS KRS,

e 1 =23.1415926535897932384626433832795028841971693993751058209749445923078164

o IfET-FIR B (Church-Turing Hypothesis)

o EEMBITHFANS

X

R

CRUE RAFE AT D) S =2 T ALS B R AL

o (FAEANT] 115 ) il
Bt {5 A

—

A R AT AR TR,

L iz5 /b

TS (AATEISES)
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& RALHIE A 1A &

N

Q.
[ S
.y

o [ZH-BIRH (Church-Turing Hypothesis)

o EEMRITFHE

X

R

R RAFEZ 1)) SR 2 HEILS B RPLEDT

o MEARHT “SHhr” seAtAE X7

o N iIHEME X &N
o SLHE X EAZEMN

o Mink 2 M EAT,

- ERHINEARE ZH B

B RALAE
, HGOFEF HFE—17: X=1024 + 512
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AHME/RA 7B e B — AL

-~

VISR =BT AR

o MANEmBERNREEEARRFHAAUE?

Goodstein Theorem, 1944

o Every Goodstein sequence approaches zero

A I 2 B BRAE BV i HOR R 48Uk BA
o Kirby & Paris, 1982

e Cichon,1983

e Caicedo, 2007

e Zankletal., 2014

AERA TR BB M —MEEHIEFARNE S RAY, FEEEAER .

BEWHEREARRLAE

(5l B XAFIE B #4EH)
Zero is a natural number.
Every natural number has a
successor in the natural numbers.
BB HAREA — 54k 5 RS
Zero is not the successor of any
natural number.
FTASTATAT 5 AREH J5 4k
If the successor of two natural
numbers is the same, then the two
original numbers are the same.
J& 4k AH R A B SR &5
If a set contains zero and the
successor of every number is in the
set, then the set contains the natural
numbers. V344, F

Zankl, Harald & Winkler, Sarah & Middeldorp, Aart. (2014). Beyond polynomials and Peano arithmetic—automation of elementary and ordinal interpretations.

Journal of Symbolic Computation. Volume 69, 2015, Pages 129-158, https://doi.org/10.1016/j.jsc.2014.09.033.



Goodstein’s Theorem

e For any natural number n, the Goodstein sequence is (n)y, (n)4, ..., (N)gn) » O, ..
e E.g., for n=266, the Goodstein sequence is

(266), = 227 4221 42 — 266

(266), = 3% +33T1 431 ~ 4.4 x 1038
(266)y = 4% 4441 41921 ~ 3.2 x 10516
(266); = 5°  4+5°Fl+1-1 ~ 2.5 x 1010921
(266), = 66°7 L g6t — 1 ~ 3.5 % 10217832

AN AR T4 < 10%

o FEHLRIEKARMR., {HiE
e Goodstein’s Theorem: For any natural number n, its Goodstein sequence
(N)o, (N)4, -, (N)g(n) » --- @pproaches 0.

o G(n) #yGoodstein function. The first k such that (n), = 0.



Goodstein sequence for n=4

o 2HK: (4
® 3?9}?56! (41= 3—1:2.32+2_3+2

o 4NK: (4),=2-42+2-4+2-1
‘6?'\7}33 (44= 62+2-6-1
Q7j,\j}é_€; (45= .72+7+5_1

)o =2
)1 =3
), =2
o 54K: (4);=2-52+2-5+1-1
)s =2
)5 = 2
)6 = 2

o 8NK: (4 . 82+8+4 -1

* (4)g=0
G(4) = 3.2402653211-2 ~ §,895x 1121210694

o FEIEHDERTA (4), 12

=109
=139

/B AHL T < 1090

72



FOCHRHEIR (p. 121)

e We discuss a specific statement to make our understanding of Godel’'s
first incompleteness theorem more concrete. The statement is
Goodstein theorem, which is true, but cannot be proven in any
mathematical system that includes elementary number theory.

uanyu EZ?’SI uau

e We discuss a specific statement to make our understanding of Godel's
first incompleteness theorem more concrete. The statement is
Goodstein theorem, which is true, but cannot be proven in a
mathematical system that includes elementary number theory.



o S LG T
o THIARIAEINE

o HABZERILIY AT

o HIEEEANE L E X
o IMEE R ITHREIEB T, IRSHEFERI T mEmy k€ X
o Hfririric =




IR B AETAL?

o HAMEEMIIWE X CEfEgN 1 i E X0
fivs A TRt ot
o IMERERMLETF 2 F LT
o WRIMFEE (HRENKo, O, Q, O 5RKE)
WG A E AT, AR
o NIEH: HIKREHEOM?), FHEZIEO(nlogn)
o GO E 71 (algorithmic paradigms)
Sias sIESHLRI. Pl BEAL
o IGUbRIARZE, IE N n) R
BRI EPIEET H)0.6181:, AL /e ki
o EHE ML
o "EMIERIE-log sn, > logieign
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4.1 T A RHETE?

e Effectiveness = Constructiveness + Finiteness

Acu-Exams-CP

(730 MIEME = (PR WIETE + 7551

o BRI EHEFAMEER, AebiditeH
T 7=

v

fEIR (IFH ) —>

BEAR

BunH<=C, 1F{E4mhY,

SCHLC R TH S A% 3
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A2 2B G 2
e Effectiveness = Constructiveness + Finiteness

(730 MIEME = (PR WIETE + 753515

o FRICHHIERSE EHAGFENEHE, ANemGiter

ﬂﬁiﬁ
sy . s H<=C, i
fEUR (J3HEH ) ——> [SEAFEC —> 575 Eé%j}<%yﬁ§€§%ﬁm

THEIE
I e ] [ o R o ||
—l| 1P HHID s — RJa—& |l
ﬁh]\ : 1st Step Current Step Next Step Final Step i_> ﬁﬁtﬂ

e |

HTERS



HAREHFE?

e Effectiveness = Constructiveness + Finiteness
(70 MiEME = (B0 HaEtt + 95514
o MH M
o TEPTIFEL N EHENEG R, ~ZOF(N));
o HEMTIHES I BHIENTEIE, £0(1)
o ;H\:EP’ I‘Eﬂ%ﬂ%mjtﬁNﬂu{f%%ﬁ’ 'fﬂﬁ%%%ﬁ
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H4REFE?

e Effectiveness = Constructiveness + Finiteness

(730 Mgt = (BRSO Mgt + 7551
o PIKAFME: SREMENSKOF(N)); 5RIEIAENIIKO(1)

o (HEHTITE: SHEMEE I, AR
EILARH, SRR, R A b
R KA RN A, 5 KL

bl
___________ l O(f(N))
___________ B|o|1[B]|B

O(f(N)), NfE=EKX
O(1)
O(f(N))

RFESE | IO’

t AR S H
TS o

O(f(N))
SR B AR
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HAREHFE?

e Effectiveness = Constructiveness + Finiteness
(70 K&t = B3O MagEtE + H 951
o MEHFM: SREMBENAGIROEN)); 5N IRO()

o [P SREMBEA IS, TRIBI;RE O(f(N)), NFEZEK
o ZEiLAHM, HERIAFEM, FANHRIfHEEE O(1)
o (R RIEMEARN) LM, SERNEN O(f(N))

o METHTM: BHFPATES A R E 5< O(1)

o MAMRTEFFRIEIHLR
Adaiz ke 7 > S R

o (EMERHAVREHSE R AR
INEE R JLAT

o(1) |KEE — | OEKE

pdi 33 '
___________ Voo ofNy . MO
B |0 1 B | B
..................... GRS



4.2 ZEFEHNFIEIEE X

—AN R HA RN, 25 RN e R R 3R E P81, R T 8 TN RFE

O HIEM.: BEEEFRSEBY FEVRELIE., ~n2
@ Wik BRI DB U T R HUA T D) 5E
® AN: FHiEAEN RN, EEFEH G H R3S E .
@ Fid. BEH - NEZ M, SRR SWAERERAREUE.
®  BeATME: BEIVEMFTAEAELIRF AN, RN E—A N Be% H 2 FI4E A TR
ISP TR] N RS b 52 e
TN 53
Il S E
18 . EN: BHEFRIBAA, BAARKEn.
A e . dar: HEF R AA,
DhRe e & . BBk
,riﬁ%ﬁ‘éj\*ﬁ fori=1ton—1
) forj=1ton —i
if A[j1>A[j+1]

exchange A[j] with A[j+1].
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o 1L RITREE
— RN AR, 25 HOR AR Ry e SR
R ERAE B, RS R S AL

@ ®» ®© OO

HIRM: FIREAIRPIRZ FINEL L,
WEM: FILPEA P IRA LIRS O™
MU AT ) € o

N BHIEAENSZ AN, ERIEHEEL
HIRBIASHLEE E

Wil BEA - NEEZ L, M ESEA
HHFE R RAMEE

ReAT I BVEMIPTE BRI 780 A,
JFE I —AN N Rei% FH 28 AR 7E A PR B [a) N A A
e R EAT.

=PIk R RS
: ﬁk:%#?%ﬁﬁA,ﬁﬁMM£

XN
o . HEEFFPHUEUHA.
o FVEDRIIA:
fori=1lton—1

forj=1ton—i
if A[j]>A[j+1]
exchange A[j] with A[j+1].

HAARHEIAR?

82



B HEAEEMREEE N
o V1 E —Fia 55 M

A AR AN, 4 SRR R 2 i
BRAHEIE RS, 3R T 91T

O HRM: FIEAEFRPIER G BIREL L,

@ WM. FIENEA DR IURE O™AgH
ML HD E X

@ AN BEAENSZA MmN, EEET R
R EHLLE E

@ fidl: FEA AN, b ERSRAE
¥ 5 R R IEUE

®

RefT it SRR ERAE LIS SR BN, TR
gi;ﬁk%%%%ﬁ%ﬁﬁﬁﬁ@ﬁ%%ﬂ%
(e

BRSFEE
o WIAN: fFHEFIEAHA, BHAW

KEn.
o . HEE FPRUEHA.
o BB IRIIA:
fori=1ton—1

forj=1ton—1I
if A[j]>A[j+1]
exchange A[j] with A[j+1].

AP REE?



B HEMEEARIEIEENX
o V1= —FiF 55 M

—ANEIER - HARRSEIN, 25 H R e SR
R IR A, ) AR AL

=

O AR SEEFRPRREDIRERIL.

@ WEME: FIRKIEA P RAL IS (R
HATTE B HLD) 5E o

@ HIN: FEAENRSDRAN, ERIEITIEE
PR EHLE E -

@ . FikA -k, w5
HRFE R AR HHUA -

®

ReAT M S A BedE e 20 78 0 2 A1,
JE U _F—AN N Bets 2B AN ARAE A FR IS 18] N A
e R EAT.

=Rk J5 0 RS
o WA fFHFFHIEAHA, HAHAW

KREn.
o i HiE A RIEHA.
o FVEDRIIR:
fori=lton—1

forj=1ton—1i
if A[j]>A[j+1]
exchange A[j] with A[j+1].

HAANREE?
o AdaljizEHIRET
FE AT BN 5 1) U A T 5%

84



T e Y ‘\ L. \)
BT MR RGN FEIEE X
E?@Hﬂ?ﬁ%ﬂ ¥ 1 5 £
o HaN: FHETFMIEAHA, AW
VY, e —a N
o IER=FHIITE : gi?oﬂtﬁ%f?%%ﬂm
— R A TRAHIN 2 HR AR 2570 D i S
Dﬁﬁﬁfﬂt?ﬁﬁ?ﬁj ﬁﬂ%’?ﬁ”ﬁ/\%ﬁ?ﬁ fori=1ton—1
O AR BEEEARPRZ FBRELIL, forj=1ton —i
© et SRR TR S H (A AGPAG+
ﬂﬁﬁ%fﬁi}(ﬂﬁ) Sy A exchange A[j] with A[j+1].
® A HEAEIBZ A, £ Y H. A2r 3 9
A I fr ﬁﬁ;%%i
@ iﬁ‘ﬁtjti:‘ SiEA— I E A, fide SR . TRATRN 5 i B T S
A ERARHIEE. . THEERAEM,
®  gefTi: FIERI A AR LI 785 AR,

JE U _F—AN N Befs F 2E AN ARAE A BRI 18] N AS
H5E R EAT .
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[ty

3BT B AL R R I HL R R X

5

\""_‘iz‘_‘ '/_‘?J

:Ei:ﬁ*%&ﬁkt

—ANEE R —HARREIN, 25 R i e S
o] AR P, R TSP LRI
AR BIEERRP IR IR EZ L,

FENE: SRR D BRE B AUEH (™
RIS SO %E S

Wi SEAAEANSREZ A, AT E
oI B S HZE E
Wit SR e A, e S
AT HREE R A RIEE -
REATTE: SRR P A F L AE TE 0 A,

@ & @ ©O6

B HEE
o M frrEFPRIEALA, HUHAW

KEn.
o it FFPRIEHA.
o FVEDRIA:
fori=1ton—1

forj=1ton—i
if A[j1>A[j+1]
exchange A[;j] with A[j+1].

AP RFIE?

o AdaisHIMIET

o FEFPATEN S R BRI TE R
T HPEARAEL

AL HEAE

JFE I E—AN N Re s 28 AR ZE T PR AR
L SERCEAT .

if B EHEEARL..)
A PRI ) S8 AN B
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[(mly

5T B AL R ) BV e X

BWRHEFEE
e . ﬁﬁ:%ﬁ?%ﬁﬁA,ﬁﬁmm
‘-mm—~$$%§j7r . %gTﬁﬁEMﬁﬁAo

—ANEEE - HA RAE I, 25 SRRy e S A o« BIRPBHNIA:

AR R A, IF

@ ®» @ ©06

| HANMFFAE : fori=1ton—1
AR FEAERRISBRZ FWREZ L., fo.rffA: 1 >tj1 7}+—ll
e ME: BRI R0 B it Alj A1)

W AT ) E Y exchange A[j] with A[j+1].
WN: BHEEENREANRN, W 551

B Ig S AR 2 PIARASATERZO(), HBnok

Wt SAA e A, e S

NAEHETE 5 R I SRt
BEATIE: VL0 BT SRR 750 AR MRS HIIN T B2 2
EIJIUJ:_‘/I\AZH*E@Z}EH %%ﬂéﬁ?ﬂéﬁlzﬁlﬁ !‘ETJ !j\:l*z'% EI: ,f/EAt,/~ I,
fff i e BCEAT o EVEREAT

E—BAER T EAN,
Pt it 1N 185 € 2 A7 PR )
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T AL R R I SR R X

o MMM ARERE"

—N R A BRI, 25 B ORIy e 2R T 1)
AIERAE S, IR & NI AL

®
@

@

BIRVE: BVEAEARIRPEREL FUWREZIL,
e rE: BB DIRES LIRS B ™4
AT ) 58 o

UA IS M !
WN: FIREENSZ NN, EEEH G
HIR B AR TE
Wit FiRAE - DE N, WS SRA
HHFERAZPEUE .
ReAT M LI P A BeAE e 20 78 0 2 AT,
JE I F—AN N Befs 28 A ARCAE A BRI 18] N A
e B EAT .

= Rlakz 5 2 RS
o HN: PRI A, AW

KEn.
o i HFERFRIEAHA.
o BDIRIEIR
fori=1ton—1

forj=1ton—i

if A[j]>A[j+1]
exchange A[j] with A[j+1].

H AP RHEIE?

A5 I LR RS HE AR E 2D IR
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B A R R N Y L B
EEHE R E
. BN RREEFIOSCAA, BAAN
—z, ~F. /. B
o BEVEZAT 4 RUIE? R
AR A TR AN, 4 R AR s A C EGERR.
] A E P A, FE RS A M RE fori=1ton—1
O AIRM: FIEAFRPEZJGBIRELIL, @5;3;H
BRI B IR R A R ; Ay AY*
@ ?EE;Hﬁiﬁgg‘?%igm AR (™ exchange A[j] with A[j+1].
@ #WAN: BIEAEENBZ DN, /) = R e
SRS fr éj{}%i*% '
@ s FUAE s A, e S5 o RPN B K
NEFREE R R PEUE If REIAK == B BKE (...}
®

Refrit: SR AT AL A0S 7R B AN,
JE > N e H 2B A ARAE AT BRI TB] Y RS
e e T,



4.3 RiIZHRERE T
o SRAFAE WL S 1)1 17 FLEGORIDFERS £/ 2

func fibonacci(n int) int {
ifn==0]|n==1{
return n

}

return fibonacci(n-1) + fibonacci(n-2)

}
o IR CH FRMEEHER A AT 772
e T(n)=T(n-1) + T(n-2) = T(n-2)+T(n-3)+T(n-3)+T(n-4)
e 2°T(n-2) < T(n) < 2*T(n-1)
e T(n)<2*T(n-1) <4*T(n-2) < 8*T(n-3) ... < 2"
e T(n)>2*T(n-2) > 4*T(n-4) > 8*T(n-6) ... > 2™/?

2M/2 < T(n) < 2™
e T(n)=Q(2"%), T(n)=0(2"), I IE!



BEHE =B IE R RE ! 10x1 07k

P R R A, AR ZORBIE AR

FE10x 10 5% i fEK -

FARTBARK, F22FH2RK, H3FF4

Rk, ..., ZBKIGI2RRIK

BIEZ A ZE N ?




TREE B K IR AE ! 10x10bE

FE10x 104 £ b om fg ok
HAMRARIK, SE2R 2RI, 53854
Bk, ..., EKF KR

BRiK i E=0.027% (50K K=17%7)
BOFAT100M 41, 4 ERE KA 203K 7E

A iy STy 2 S e S DAL b AT N
R 10061, S 210- kK

HUER ) Jot 5 K 2 72E6Xx224 T T

B Z b = AR B A = ¥il1 |2 | 4 |8 [16 |32 |64 [128 (256 |512

84\%:[:&}5]%' 55 0.02 0.04 0.08 0.16 0.32 0.64 1.28 2.56 5.12 10.24
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/Mo, KO, Q, OiE B YnR@k
BEREAN, FRTYIESS M g(n)
n'8=0(n?, n'¥=0(m%, HO@m?)= 0>

o f(n) =o(g(n)) Lim 7(n) / ¢(n) = 0
® n1.58 — O(n2)’ n1.58 -+ O(n1.58) , n2 -+ O(nl.58)

o f(n)=0(g(n)) IEHc > 0, £(n) < cgln)
® n1.58 — O(n2), n1.58 — O(I/ZI'SS), n2 —+ O(nl.SS)

o f(n)=1Q(g(n)) I8 Hc > 0, £(n) > cg(n)
° n1.58 £ Q(n2)’ n1.58: ﬂ(nl.SS)’ n2: (¢) (n1.58)

o /'(n) = O(2(n)) £(n) = O(g(n)) 3 HL £ (n) = Q(g(n)

® n1.58¢ @(n2)’ n1.58: @(nl.SS), n2¢ @(nl.SS)
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/ho, KO, Q, 025
HEEE: YnEBRk. g&MIEK Lo . EHro. THQ. &Hre

£(n) _

of(n)=o0(g(n) ermmELRE @G Lim () 0
® n1.58 — O(l’lz); n1.58 ? O(n1'58) , n2¢ O(n1.58)

o f(n)=0(g(n)) rx A= c > 0, f(n) < cg(n)
® n1.58 ? O(nz)’ n1.58 — O(n1.58), n2¢ O(n1.58)

o f(n)=Q0(g(n)) Fr IEHc > 0, F(n) > cgln)
° n1.58 ? Q(n2)’ n1.58: Q(nl.SS)’ n2: 0 (n1.58)

of(n)=0(g(n)) = f(n)=O(g(n)) F H. f(n) = Q(g(n))

o 58 2 O(n2), n!S8=0xn'®), n2z @'
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5. MH ARG B4

o R, KMERAGH NARS, LEPITIHEIIE
o fHA: —MEMHIMRAEZ AN BT K
o BHUL: RGHZMEEA G T
o THEWML = B/ + R + N HEAF
o (FEIEEIAIE, BOME
o TLEEMHHEE
o it 4ERR :
- DiERE IR, SRR BRI TR IR S 5T 28 R
o FEALMRIN: Rl Uik /R e
- RAGERENUERZ IR T RGUMST (BHXHRAESS
IR =1/ +f) D 1Y p>w




5.1 Ll—# 7
O gmfEZA RIS, @ LAk v H b G BB 21 A 42

JiTMH

T
AR
T5 2
i 45 )
T8 S Im/K 2k
i) 7 FE
H & H i




ARBEFI N —EEAHMR
o Rt SEILLHIRRE. fER— R

Data Type
BHERE

bit (1 bit), hexadecimal number (4 bits), byte (8 bits), uint8 (8-bit unsigned integer), integer (64 bits);
array (n elements of the same type), slice (a descriptor pointing to an array); text file, BMP image file;

hypertext and hyperlink ~ H4%. 24, %, A, v, AR, B, BeERE

Software

LN

Algorithm 577k

Smart method of information transformation, such as quicksort, hiding
text in a BMP file, etc. tRHEEHEE

Program #%/7

Code realizing algorithms in computer language, such as hide.go in
the Text Hider project {5 2 & FEF hide.go

Process i} f%

Program in execution, such as the “hide” process running in a Linux

environment > ./WebServer & #4575~ PID=79
. The smallest unit of software, directly executable by computer
B A ) y y p
Instruction < hardware AR I S

von Neumann Architecture: a computer model bridging software and hardware {Z 141K = i1 & A ARE

Hardware

wEf

Instruction Pipeline

The basic hardware mechanism to automatically execute any

o A7 K 4k instruction “HUR-BEID-PIT T ZRAKE

Sequential Circuit More precisely, only consider Synchronous Sequential Circuit
comprised of combinational circuits and state circuits and driven by a

A o B B clock signal; equivalent to the automata concept & 477253

Combinational Circuit | Also known as Boolean circuit, realizing a Boolean function

4546 K 155 2 P28 R S 2 28

97



Lt

A ]

SRR THE RS ik B RS 2 B R,

i

TN

EdaE

R

g4
A |
Fa K 2k
B 3 HE I
4H A LB

—_—— e — — — — = —_— ——

MOV 0, R1
MOV R1, M[RO]
MOV 1, R1

MOV R1, M[RO+8]
MOV 2, R2 //i=2
MOV 0, R1
ADD M[R0+R2*8-16], R1
ADD M[R0+R2*8-8], R1
MOV R1, M[RO+R2*8-0]
INC R2 /] i++

CMP 51, R2 //i<51?

/I label Loop

JL Loop //'if ‘<’ goto Loop

TS

oy

Full
Adder

Cy

&

fib[0] =0

fib[1] =1

fori:=2;i<51;i++{
fib[i] = fib[i-1] + fib[i-2]

Y

l

Z,

Inie(t) Inip(t) Ingx(t)
B4R l l l
j LB D] —] Eg | — AL | —1 AT
'
Out,(D) Out, (D) Out (1)
W pms
HAMFE T RO
0 [MOV 0, R1 @ R1 &> ALU \
2 |MOV R1, M[RO] MAR _ Ro
12 ADW%> - D pc FLAGS
i @| VDR 12
v p—)  Controller
\ IR ?@ﬁ%ﬂf%%@uuu/
1(2 1(2 1(1 1(1 1(0 Io
Full C, Full ol Full
Adder Adder [« Adder [€<—C,
Z, Z Zy
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5 o FE R A BB

e Write a program hide-0.go

o to hide the text of Shakespeare's

Hamlet

e in a picture file Autumn.bomp

e such that the doctored file shows no visible
difference from the original picture

e and another program show-0.go to
recover the text

Original picture

HAMLET
DRAMATIS PERSONAE
CLAUDIUS king of Denmark. (KING CLAUDIUS:)

HAMLET son to the late, and nephew to the present king.

PRINCE FORTINBRAS Let four captains
Bear Hamlet, like a soldier, to the stage;
For he was likely, had he been put on,
To have proved most royally: and, for his passage,
The soldiers' music and the rites of war
Speak loudly for him.
Take up the bodies: such a sight as this
Becomes the field, but here shows much amiss.
Go, bid the soldiers shoot.
[A dead march. Exeunt, bearing off the dead
bodies; after which a peal of ordnance is shot off]

After careless hiding After careful hiding
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G

Fhide-0.gof i1 BiE: BINFAT

hamlet.txt ~—
h|den-0.90 —> doctoredAutumn.bmp
T

Autumn.bmp —

15 B R
® HIN: A hamlet.txt 5 K% A Autumn.bmp.
o . HEUZ I FdoctoredAutumn.bmp, B T hamlet.txtf) 4 A2, H5Autumn.bmp ] W2 5.
o HHEEREKPE:
1. SRS hamlet txtist A5 St I ARFE A (text) B
2. BRSO Autumn bmpEHE A Ep //'p fREEB (picture) 2%
3. ¥hamlet.txt ¥ SO K FE R 245 B pr Pixel Arrayff) k3241 Fet O B
4. ¥hamlet.txtf) ST N 25 Bk 2122 & pH Pixel Array 3] R 711 RS AT P
5. Fp5 2H A doctored Autumn.bmp Eh i

0

] BMP File Header
B SO A 13

14
15 BMP Info Header

AEEHEAAE, DUMERE L ATERAE

f2: fHF] “EHE+E B+ 53

V'E' 7 FHAREL, ETEA 54

b2 CHanie -5 Pixel Array
Autumn.bmp 56
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7E B3 P R s

o fUHH
e p, :=ioutil.ReadFile("./Autumn.bmp")
to read the image file into byte slice p
o t, _:=ioutil.ReadFile("./hamlet.txt")
to read the text file into byte slice t

o HHIEMIER] RG], | = 0~len(t)

for i:=0; i<len(t); i++{
offset := )
modify(int(t[i]),/p[offset.offset+C], C)

EEBI 724, BN 176 8L,
FEpAN T . AN TR &
A0, 1. 2. 3. FHOWKIECHAT
modify(int(t[0]), p[86:90], 4), 15X
P[86], P[87], P[88], P[89]

HEhE+ZR D 4+ e
M2 SCRFIE A R IE+ 2 5] +n 2 B T IR

o R1+M[RO +R2 *8 -16]
Hik =5 HAIRT fmis &

- R1

Autumn.bmp
Original p

BMP FILE
HEADER

BMP INFO
HEADER

Oth Pixel-B
Oth Pixel-G
Oth Pixel-R

10th Pixel-G
01111011
10111011
01011010
10100111

Pixel Array

doctoredAutumn.bmp

Modified p

BMP FILE
HEADER

BMP INFO
HEADER

Hide 2 bits of len(t)
Hide 2 bits of len(t)
Hide 2 bits of len(t)

Hide 2 bits of len(t)
01111000
10111010
01011000
10100101

Pixel Array
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5.2 B LB

o MINHGHE, —MMIRESHE: IHESIR3)
o CIRZHLEG I — N2 DU AR ALK

o MU G IR

o FHHLEEF: Out(t) = F(In(t), State(t))
o N IREHIEG: State(t+1) = G(In(t), State(t))

o I/ HLEGHIZRE Lt B (e L ) — R A

o WHR N ENE D HIRT P (synchronous sequential circuit)

In(t)

State(t)

CLK
State
sy Combinational Circuit
Circuit G State(t+1) ,[j(ji EE %
N 00> E
L T N =
FEAE T IR

Ll LT A b Tk N
e o "B Ao

Combinational
Circuit F

7 B )
A5 HLEEF

Out(t)
—
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17 ni%as

o TEVUANIN B B HASE INTE Z3 2,2, 7y = X3X,X1 X, + V2o Y1 Yy
o HRMTER AR

o HH—sLHlgRUE

11, + 9,0 = 1011, + 1001, = 10100, = 20,, = 4,, and overflow

BiAX=1011, Y=1001; % HZ=0100H =4 #E47 % H

o WitidfE

WA WEWERAEE, HEEZD

Dl A ?

REE—/ DARE, FORSQIER LTI

In(t)

CLK

Combinational
Circuit G

State(t+1)

State
Circuit

State(t) |

L

Combinational
Circuit F

Out(t)
)
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BT AN B AT INIE AR

o Bitidi
o L. HIHIRIRERE, WEZIDAE?
o ARE—A DR, LREQRFHWHALC

o 2. ERNFHE—KREH
o InEHIAX, Y; OutiiiZz; QR#Ef7C; Enable=i]4{55CLK

iNEE

=1 E .
IRZS LI ‘Cnext 5 D A5
G

< X

Z
an RS
=
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WIiHERE
o 3. R HEFSRERBEGHAREER

) H B ER B IR S R e
X z
X3X2X1XO Y iﬁ?ﬂfx%ﬁ%_’ 53122(2)160
1011
1001
Bl 10110
XY/Z
00/0, 01/1, 10/1 01/0, 10/0, 11/1 1011=X
+ 1001=Y
10110=C
1/ 0100=2Z
Qo q,

00/1
- g, denotes C=0
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Wit

o 3P Rt EEKFERETHBGHIA/RRIEN

o I YL HPIRS I, TS HEER

< X

I A

q
s [Crext
G

D fih % #&

i ) FEL

XY/Z C X Y | Z C,x
00/0, 01/1, 10/1 01/0, 10/0, 11/1 do 0 0 0 do
» 0 1|1 q
11/0 do 1 0 1 Qo
Jo q,

Yo 1 1 0 di

00/1
q; 0 0 1 o
gy denotes C=0 @ 0 1]0 gq
g, denotes C=1 o 1 0o q
qi 1 1 1 d;

Z
—>
c X Z Co
0 0 0 0
0 0 1 0
0 1 1 0
0 1 0 1
1 0 1 0
1 0 0 1
1 1 0 1
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Wit

o 3T K EEF SRS HEGHAM/RRER
o AT RBIORA S BT S IR TR M FRIGHI AT /R RIS R

I A

N
>Ij(a;§ %E% Cnext D ﬁéji%%
G I_V

< X

i tHFEE g N

XY/Z cx vz o
00/0, 01/1, 10/1 01/0, 10/0, 11/1 o 0 00 0
0 0 1 1 0
11/0 0 1 0 1 0
o % o 1 1|0 1
. L0010 Z=FXY,0)=XQYDC
d, denotes C=0 Lo rpo
° o ol G =GO =X N+ XOY)-C
g, denotes C=1
1 1 1 1 1

107



Wit iES4r: BE
o
o (1) WIHFHIT BN 7 HLEg,
o (2) MINX3X, XX, = 1011, V3Y,Y, Y, = 1001, 5H]8aH A C, = 0
o IEWAES RN NZ,Z,7.Z, = 0100, HAC, = 1% i
o INH DR
o IFEEI0: Zy = Xo®Y,DC, = 1d160:
o (1=WXo Y+ Xe®Yy) Co=(1-1)+(11)-0

X3X,X, Xq — Z

1011 X T, o 2,2,2,2,
1 RAAHEE  [Cnext D fih ' #% £ -

100 1 n

3,1 Y G

F:Z=X@Y®]C
G Chext = XN+ XDY)-C

C4C3C5C1 Gy
0
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o ZA5E
o (1) WItiFi) T~ BN P LRk,
o (2) MINX3X, XX, = 1011, V3Y,Y, Y, = 1001, 5¥EaHHC, = 0
o IEWAGE RN NZZ,Z,Zy = 0100, HAHC, = 1T i H
o WHIDI
o WEHEHAO: Z, = X, ®Y,DC, = 11600 = 0;
o (=W Y)+XBY)) - Cro=(1-1)+AD1)-0=1

1011 é — . B 1 Z3ZZZl(Z)O
1001 R g [Cren D s o
BLnY G 1

F:Z=X@Y®]C
G Chext = XN+ XDY)-C

C,C5C,C,Cy
10
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WItdEF4P: BHE

o ZAE
o (1) BWITHFH T BN 7 HLE,
o (2) MINX3X, XX, = 1011, V3Y,Y, Y, = 1001, 5]EaHAHC, = 0
o IEWAGE RN NZZ,Z,Zy = 0100, HAHC, = 1T i H

o ImFEITIE

o IEFEEI0: Zy = X,@Y,DCo = 1D1D0 = 0; C, = (X - Yg) + (Xo®Yy) - Co = (1-1) + (191) -0 = 1
® H‘j‘ﬁ%%‘l: Zl == X1®Y1®Cl == 1@0@1; CZ == (Xl . Yl) + (X]_@Yl) . Cl - (1 . 0) + (1@0) . 1

X3X2X1Xo

L z

101 1 1§ S — — %%43
1001 0 Rk [Crex D fihes o

V.Y, Y, Y, G r

F:Z=X@Y®]C
G Chext = XN+ XDY)-C

C,C3C,C,Cy
10
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wItEEF4T: BE

N\ ==
o 5

o (1) Wit T~ BN Fr LK,
o (2) BINX3X,X.X, = 1011, Y3Y, Y, Y, = 1001, 541453 67.C, = 0
o IEHALE RN NZ,Z,7Z,Zy = 0100, HAEC, = 1€ i H

o REITIE

o IEHEI0: Zy = X,@Y,DCy = 10100 = 05 C; = (Xg - Yy) + (Xg®Yy) - Co = (1-1) + (101) -0 = 1
o H‘T%‘#ﬁ%%‘l: Zl == X1®Y1®Cl - 1@0@1 == 0; CZ == (Xl * Yl) + (X]_@Yl) . C1 == (1 * 0) + (1@0) * 1 == 1

X3X,X1Xo
1011

1001
BLnY

I Z
1x T, - TS Z3taliZo
0 }lji;g EEE% Chext D ﬁiﬁ%ﬁ F 0 O
¢ 1

F:Z=X@Y®]C
G Chext = XN+ XDY)-C

C,C3C,C,Cy
110

111



wItEEF4T: BE

st

o (1) WItiFi) T BN FP HLER,

o (2) MINX3X, XX, = 1011, V3Y,Y, Y, = 1001, 5]EaHAHC, = 0
o EHEE RN NZ,Z,7,Z, = 0100, HEC, = 1T EH

o Lﬁ/%

P H0: Z, = X, ®Y,DCo = 1P1D0 =0; C; = (Xy-Yy) + (X,®Yy) - Co=(1-1)+(1d1)-0=1
PR Z, = X,@Y,0C, = 100P1=0; C, = X, - V) +X,0Y)-C,=(1-00+(10)-1=1
P2 Z, = X,@Y,@C, = 000Dl =1; C3=(X,-Y,) + (X,@®Y,)-C, =(0-0)+ (000)-1=0
PR H3: Z3 = X3@Y:0C; = 19100 =0; C,= (X3 -Y3) + (X30Y)-C;=(1-1)+ (1d1)-0=1

X3X2X1X0 Hj‘%q] Z 0
101 1 1 X — o s
1001 A [Crext —

LY, Y, Y, G -

G Chext = XN+ XDY)-C

112



wItEEF4T: BE

25 E

o (1) IR T BN 7 HLE,

o (2) MINX3X, XX, = 1011, Y3Y, Y, Y, = 1001, 591463 67C, = 0
o EHEE RN NZ,Z,7,Z, = 0100, HEC, = 1FREH

o Lfﬁy%

PR H0: Z, = X ®Y,®DCo = 1d1D0 =0; C; = (Xp-Yy) + X,®Yy) - Co=(1-1)+(1d1)-0=1
. Z, = X,@Y,0C; = 100D1=0; C, = (X;-Y) +(X,®Y)-C,=1-0)+(1d0)-1=1
NP EH2: Z, = X,®Y,0C, = 0001 =1; C; = (X, Y,) + (X,BY,) - C, = (0-0) + (000)-1 =0
PR H3: Z3 = X3@Y:0C; = 19100 =0; C, = (X3 -Y3) + (X30Y3) - CG;=(1-1D+(1d1D)-0=1
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HE—R=: RSN BT IR

o TEVUANI2h B S RIE 232,72, 7 = X3 XXX — YaYo Vi Yy
o (RBHURIT R HRRMD
o DO/ i 3 A B IE 4 R

o MH—~S5uk
°® (-5)—1 = -6

o 1B EEAIHEH IR
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Y
RET Wit ria: WREBERBREHIES A HEHAAS)

o KHZIRE M (multiplexer, MUX) [Ny es
o Pl SHEFEMUNIE(S=0)E R Mk (S=1)
o SRAHERIAMS, WRIESH TN 5-5=5+(-5): 5 T -5
o XHHEL (XD NI =X — kil £
o MBEX=Y=5. HI, XsX,X.X,=Y5Y,Y,Y,=0101
X-Y  =5+(-5) =5+ (5[%MI)

> 0101+(0101+0001)

= 0101 + 1011 -

z={§§ L{g:g =10000=C,Z,72,Z,Z, 3 ol

Z
S X Y Z
0 0 0 0 g
0 0 1 0 @ X3Y3 X2Y2 X1Y1 X0YO ‘s - y o
010 . Wil NI
1 0 0 O sT32 C4 +— 4-bit Adder «—C0 C4 +— 4-bit Adder «
1 0 1 1 l l l l
i ORE I111

Multiplexer £ %5 FH#% Two's complement 4-bit adder Adder-subtractor
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6. 2% B4

o HITIEEVES PIMAR, WTTT AT RES I R R 45
o RZIREE K IS FAR AT E AR, AR

o ERMHI ML, RIZAT REREGEE K RE
o —ANMLHEE MR TSRS (AED R

o MU T AIRIIEAE
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6.1 Mzgshit: B _AARRGIZERG

o MAGIMER: AL A,
SR ARG SIS

/\\7K|:|

-% ﬁﬁ?%%ﬂﬂ%?%ﬁ@%%%
RES (ML

e Computed search results by matching the
keywords in search queries to the contents of
webpages (nodes)

o U AR IR T MLhal, BRI
2 RS (MDD HidES
CGEEBERL)

e Web links (edges) also significantly influence
the relevance of search results

AN I S ®
VORI T 4

o AERGI R
AT BRI

_E

More fully utilizes network thinking and created Google
and Baidu, serving billions of users and generating
annual revenue over $100 billion
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6.2 PHiltR: HI

ok B AS 7

o MAIRA THR TSI AS R N I WIFT R AL T IR I AR 55 AR ) “ TR E R B
BILAHMNIP/192.168.1.101 , H554#1P7410.208.104.3, K/ URL:

Header Body

HTTP Packet

HTTP Packet

/]

TCPaLk TCPa/E

1k

o lEte MEED ___ mre )
TS Juks

N e _ICP >

i IP

| - Y

Ale-nBi-REA:

¢ D @E ©) )

WiFi <>

- [BEE BE B

HTTP \! 1)

Host

WiFi Switch

Routerl

Router2

]

'

IP i

—————— } :

M ) N

E@ o $
q—pa a \mg aﬁ;ther
TCP
HTTP

\= J

Ethernet Switch

Host
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http://seafile.solid.things.ac.cn:7019/kitty_band/*0555.JPG

v . VR fA. — =
i tR: BECMEE R~ -
o  MHF K HE T ICAS B ik 38 S WIF T ) AL T 3% Fe AR 55 25 1 “OBaT84E 327 &’ F 1

AR P AN192.168.1.101 , Jk5528IPN10.208.104.3, K HURLA:

HHORA PR [
Header  Body O =t SRR
;L JuE: 3
HTTP Packet o TP ____TI| m

HTTP Packet
i & - __ i
IP HTTP Packet o L]

| , — (B || H| —

T ' v @E ® ® E@ o ¥
Pk P4 agiﬂ T > > PN - agher
=8 B @ 58 88 B8

Host WiFi Switch  Routerl Router2 Ethernet Switch  Host
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http://seafile.solid.things.ac.cn:7019/kitty_band/*0555.JPG

PhER

®
® \

ok WX

(ERN

o MAIRA THR TSI AS R N I WIFT R AL T IR I AR 55 AR ) “ TR E R B
BILAHMNIP/192.168.1.101 , H554#1P7410.208.104.3, K/ URL:

Header

Body

HTTP Packet

HTTP Packet

PAAR Rk

HTTP Packet

AA’

o

HTTP Packet

R 554

CAS B LA

H A

o lEte MEEH ___ mre )
ks

N e _ICP >

i IP

o [ Yo U

s |5 [LH | LB

¢ D @E ©) ©),

5B 86 BE A

IP

TCP

HTTP

\g ~/
Host WiF1 Switch  Routerl Router2

1

N

HTTP ]

TCP ]

IP i

______ .> -

L

S
4_,5 a > aﬁ;[her

TCP
HTTP
S /

Ethernet Switch

Host
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http://seafile.solid.things.ac.cn:7019/kitty_band/*0555.JPG

From Client to Server

NN ICAHN (JEIPHiAE: 192.168.1.101) JEIEWIFik 1K, L scie = mias. tHEPASHHUNIA R A #2158

AR RSS2 (HbpIPHuE: 10.208.104.

3)

{if F traceroute 1B B3 M5 BT BB el 4> % 42

o
B

TR BTS2
IP: 192.168.150.2

4”””’)' Src

10.2.5.156

Src Dst

10.2.5.156 10.208.104.3

Src Dst

> m 10.2.5.156 10.208.104.3

GET http://**kitty_band/*0555.JPG

P PR el S 4L

GET http://**kitty_band/*0555.JPG

Dst

10.208.104.3

YR E N
IP: 10.2.5.254

~

WAN: 10.2.5.156

=

GET http://**kitty_band/*0555.JPG

Src

10.2.5.156

Dst

10.208.104.3

S 2 BE A
LAN: 192.168.1.1

GET http://**kitty_band/*0555.JPG

NATHihE ¥
Src

192.168.1.101

Dst

10.208.104.3

-

1

MANELA

IP: 192.168.1.101 | GET http://**kitty_band/*0555.JPG

- 26 TSR, 3R
[=ssss] S S

N HEa
IP: 10.208.104.3

~ traceroute 10.208.104.3
traceroute to 10.208.104.3 (10.208.104.3), 64 hops max, 52 byte packets

192.168.1.1 (192.168.1.1) 4.152 ms 1.153 ms 1.666 ms

10.2.0.254 (10.2.0.254) 2.945 ms 1.814 ms 3.636 ms
192.168.150.2 (192.168.150.2) 2.089 ms 2.760 ms 3.939 ms

* % %

10.208.104.3 (10.208.104.3) 6.657 ms 3.207 ms 2.875 ms
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From Server to Client

o IMMRERIARSSSUCRNER)G, FREE R, AR B REE R, IR ES D NEIEA

o fliftraceroute 438 i 1T T B PR el 4 B 42

Sie Dst

XXIXXEXXEXXIXX XX Fekakk ok adkk otk ko

102081043 | 1025156 |

7019 59589 TE AT A 12
*0555.JPG IP: 192.168.150.2

ek w ko a ok w ok w ke w eke 8:8c:21:32:84:3d
oamioss | twastse
701 59589 N S
o THE AT 4L
*0555.JPG IP: 10.2.5.254
Sre Dst IP: 10.2.5.156
8:8¢:21:32:84:3d ab:bc:32:86:ee:13
7019 59589 . a
SR 2 HH AR
ik IP: 192.168.1.1

/
e, % [ ]

B
MAEILAE
IP: 192.168.1.101

Src Dst

40:77:a9:ff:a0:01 XXIXXIXX XX XXIXX

7019 59589

*0555.JPG

Src Dst

80:18:44:e4:3a:b5 40:77:a9:ff:a0:01

7019 59589

*0555.JPG

X 2
=234

PP el 22 AL

X 2
E

IP: 10.208.104.3
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R RN

AN

M AT S TR B iE A BB W7 AL T3 ORI Al o5 4 B0 “ a5 X7 B
BILAHMNIP/192.168.1.101 , H554#1P7410.208.104.3, K/ URL:

GET **/*0555.JPG

Ether
P
TCP
HTTP

HTTP

1
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HRI R, .

o  MHISRTE BT B 1A H i B I WIFi7 A I8 ER [ AR 5 28 1O “HsTadE xR B s —t

o EILAHNIPA192.168.1.101 , Jk55#3I1P410.208.104.3, & v Hihiky:

o MSLAE=RER Mk, &, EHER
o NS T TCPAL 7& th () A A B S B GET ***0555.JPG

Src Port Dst Port

HTTP

GET *r0555.Jpc| TCP

\ J }
! |

TCPHE:L TCPfufk

Ether
P
TCP
HTTP
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R -

A AT THR T B IC A @ WIFiT R AL T 38 DR el A 55 4 1 “ M TR B A —t

A HNIPY192.168.1.101 , JIk554%1P2410.208.104.3, &l Fy ik Jy:

BELEEZRER: bk, B, BHEER
A2 T TCPALL T &5 B S&HIE B GET **/*0555.JPG

Src Port Dst Port

HTTP

‘ GET *10555.0pc| TCP
Src: Source i \ ) | J

Dst: Destination H t#. H#r ! . !
TCPfL3k TCPHfk

Ether
P
TCP
HTTP

125
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>R AN
EHXRHEE

M SRS BRI R 2B TC A RN e T WA [ 57 130 DR [l Al 55 4 B “ O R4 7 B

LA HMIPy192.168.1.101 , k55 4%1P7910.208.104.3, &/l oy:

@A%@Aa’:ﬁ =F u . Mk %%ﬁ EFJ:'FEJ ; o

8 T TP Sk 5 3 . 3 3 o TG
H it 0 701948 [ AR 55 25 1T H AL GET ***0555.JPG
I WebHR 55 25 i3k 2 \ Y J | Y J
P55 11559589 F8 A A e 48 10 AS Ha v L 7 TCPfsk TCPALlk

ﬂJ 1A BE J&%}E

HTTP

TCP

1
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LI PO SR :
BXRHEHE o~

o ST TR T B FE LA B B WIFi U ) 52 T34 O [l i 55 4 —t

“HiMieER” B,
o ZEICAHMIPA192.168.1.101 , 5521 EHLIP410.208.104.3, Kl JyihhtA:

e 10.208.104.3 2 N MIPHhHE (***) GeT *0555.0pc| HT TP

Src Port Dst Port

GET *r0555.Jpc| TCP

Y @K*Eﬁ%lpﬁﬁg? Src IP Dst IP

B =1 = N R,
o W EXIEIP@% : 192.168.1.101 10.208.104.3 GET */*0555.JPG| |P

Xt N
O O
Ewmi EEther
1P 1P
TCP TCP
HTTP HTTP
Host WiFi Switch  Routerl Router2  Ethernet Switch  Host
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HRHER

o A SCHITHEL AT 2B 1O AR Fi I B WIFi 7 19067 T PR IR Bl iR 95 s 1) “ 3527 B s
o FILAHMNIPH192.168.1.101 , k55#51P¥10.208.104.3, &)y Hiuhik .
http://seafile.solid.things.ac.cn:7019/kitty band/*0555.JPG

o BlEEMZ: M—BoElk, H—BRUAK?

192.168.1.101 & K2 IPvA b
f8:8¢:21:32:84:3dE2 AN IPve il 2

Src MAC

ab:bc:32:86:ee:13

Dst MAC

£8:8c:21:32:84:3d

Src IP

GET **/*0555.JPG

Src Port Dst Port

SRR R GET **/*0555.JPG

Dst IP

192.168.1.101

10.208.104.3 SRR ORE S GET *4/*0555.JPG

192.168.1.101
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