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12 ﬁﬁ:‘m\/ ‘B‘]%Z]&m\%; ‘]I:'-I%jj‘;% (PEPS)

o E N A (Problem in target domain)

o EHL (Encoding) #IfFE =58 (¥ [E], cyberspace) HIiHHE A&

H AT IHRE 240 (System) FRHFEIEFE (Process) , fift ok | @i
o IMHERG = 115N FHik, B, IRESEBERESZE T EITRE

o RIS [E] F] H bR i
/ﬁi‘ﬂﬁ%ﬁ&i Problem Solving \
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HEIETE
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HERS
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1.3 M EBE4EK T/ ¥ #E: Acu-Exams-CP

P E&¥] T LA ER

(A): Automatically execution

(C): Correctness

(U): Universality

(E): Effectiveness

(X): Complexity

(A): Abstraction

(M): Modularity

(S): Seamless Transition
(C): Connectivity

(P): Protocol Stack
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1.4 USRS HI2 TREE5ER
o HFEAIT. 1EESETHEAL LIRS F AL U ST

o MAERHL. FAMBITEILE “VL%IES " KT
o BLARHNCYRE = RS

o 15 RIS K SUASTAF RS 2 EHER S TS LA
o FNLN HIRE PP an ] e AL B RA SCAF IR B AL B, BRI 1250
o i: WAFfitbase+index 8+offset FHMLRMIT LHHEIR, %R ALK

o MAAEM. BIF+SEITHENIN A (Bha& M 50
o WZEN IR W EALBI AN Tt HFREiZns
o Enil: MEAES; HFEMIICHZEM (DOM) , HifE#E, getElementByld




% k18 WA SCRFIEH

o LINEIAH

o fERIEUMEAY, AN HAFEEH I
o VIR

o JLZwACRSUNAT e B T 138 2 A8 5 A AR

o FAHSIEAUATEC S

fori:=2; i++ { MOV 2, R2 I/1:=2

Loop: MOV 0, R1 I/ label Loop
4 ADD M[R0+R2*8-16], R1
ﬁﬂ:ﬁi ADD M[RO+R2*8-8], R1

fib[i] = fib[I-1] ik

MOV R1, M[RO+R2*8-0]

INC R2 I i++
CMP 51, R2 /li<51?
JL Loop Il if Yes, goto Loop

11



EEBEASHAH

o LKA MM SRR 5 A

TR AL RO
o LRI HALYI T

IR AR U] Sk 1 5340 2 A8 5 ANAE

B S U ic &
TRl EALRA 7S Ak

e Address = Base + Index*8 + Offset

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

LA IEFRPUT =47 Go S
B A B sePforfEH (WHAER)

FHIEZER T
RNEfE “TER B EAE”, BIE I
fib[2] = fib[1] + fib[0]
fib[3] = fib[2] + fib[1]
fib[4] = fib[3] + fib[2]

fib[50] = fib[49] + fib[48]

PR ZL LA AR B TE A I 48 20 B
HhEZF AR 9ER0=24, KB HAEER2=2, LMK T=8;
W Bl (RUAMM R INEFAE)

0> R1
R1+fib[0]>R1
R1+fib[1]>R1
R1 > fib[2]
Pt 8 75 F)fib[2] = fib[1] + fib[O] 4k
MOV 0, R1
ADD M[RO+R2*8-16], R1
ADD M[RO+R2*8-8], R1
MOV R1, M[RO+R2*8-0]

MOV 2, R2 Ii:=2

MOV 0, R1 Il label Loop

ADD M[RO+R2*8-16], R1

ADD M[R0O+R2*8-8], R1

MOV R1, M[RO+R2*8-0]

INC R2 I i++

CMP 51, R2 /li<51?

JL Loop I if Yes, goto Loop
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EHRF| IR EF A

Fhb 7w A #RR0=24
Rl T F#R2=2
L5 X +-=8, [ Nfibli] 26447 B2 4L
B 5 ) fib[i] = fib[i-1] + fib[i-2]2k 3 Ak

MOV 0, R1

ADD M[RO+R2*8-16], R1

ADD M[RO+R2*8-8], R1

MOV R1, M[RO+R2*8-0]

— 2K INVEAE 4 L I0+fib[O]

R1+ M[RO+R2*8-16] > R1, EfI

0+ M[24+2*8 16] > R1, Bl0+fib[0] > R1
B8 4B A SEIL0+Hib[0]+fib[1]

R1+ M[RO+R2*8-8] > R1, B[l

0 + M[24+2*8-8] > R1, R[0+fib[1] > R1

L RAREBCIEA

address = base + index*8 + offset
ScRrdbhl = FEbb + RE*HHIEF + WBEE

iﬁ]\forﬂﬁﬁﬁ ’

WN— O

fib[0] =
fib[1] =

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

MOV 0, R1

MOV R1, M[RO] //R0=12 initially
MOV 1, R1

MOV R1, M[RO+8]

MOV 2, R2 /[i:=2

MOV 0, R1 // label Loop

ADD M[RO+R2*8-16], R1

ADD M[RO+R2*8-8], R1

MOV R1, M[RO+R2*8-0]

INC R2 I i++

CMP 51, R2 //i<51?

JL Loop /I if Yes, goto Loop

Memory Processor
Code ﬂ; 4\\
R1 ALU
R2
MOV R1, M[RO+R2*8-16] |
PC
0 //fib[0]
~1 //fib[1] Controller
FLAGS
Data \ /
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2.1 /R4

o LUAFIGEH B AL
o mAIZAR: amEll. ARIERCH. A/RRIEIN. AR EREL
o AREHEL £:{0,13" - {0,1}, By = f(xy, -+, %) = %, - Bxy,
o NERG MU EEFE )
TTE: WHOL. Bhxy, x5 MR

Bore FAEME (5. 86 4D
R A (AR EEANESD W LUE Bl A RAE ) A 3

HE R
o HEAERANHY)
o Vi BT
o ETWEARE AREAVIEERAD A B
o WTERLME “H” BB MEH, W e
RATE AR, Ea e, Eaehnle i Q: HEEES
vn € N [Even(n) V Even(n + 1)] R: SCHES

C: BHEE
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Samil: AT 53RN

PRI . Q:5FRIIF. R ASFRIEANHIE.

o HHamdl: Flawdift o 5iERZIE RN

H
AQ: S RIEFERHIFAK .

P
TR IERE ] B € X

JE: x =1 iff x=0. WHIRRX
—P: SRNZ
5, €Bl: xay=1iff x=y=1
- PAQ: S REFEATIBR
gk, #HE: xvy=0 iff x=y=0
- PVQ:S5RA, BESRERKR
S8 x®y=1iff x#y A HAVE — 1NN E
= POQ: SRAKRHERBKR, siE&S5REBARZHK
2 (Xx—y)=1iff x=00ry=1

. PLQARARY, HESKERF WA RIS, T4 KRR
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DIEERANTELZ, HEmEZ
o HAHEHIIAE X

S AP A Q) HARE
ovﬁﬁﬁmﬁmu@PAmma%%é

HIE AR

fi{0,1}* > {01}, Y =f(xy, %) = f(x1,x2) = f(P,Q) =P AQ

\
roee

= f(P,Q) =

HW PR oo
Q QOO

a-Haviiaviiav
1 1 1
‘Q _ O RO

Vs

tehtn = 2, iﬁu)\E NP,Q, HithA&E Y

R lrlolo]|™

ol |o|Q

~lololo]>
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DEERAEL, HEmEEZENERHRE

o HAERMIEAE X
o )l @ﬁﬁﬁﬁ‘ﬁ%@/\%‘]ﬁ@%
o HIHKREAM/RKINEP A QW HEIRIA
= {01} > {01}, Y =f(xy,, %) = f(x1,%2) = f(P,Q) =PAQ

(

- f(P,Q) =

RoLl
T | (|
s
QOO
T | (|
_, O R O

geliaciiaciiae

)

L

A 1H] 2% Sk f:{0,1}* - {0,1}, Hif:{0,1} x {0,1} - {0,1}
Y=f(P,Q) =PAQ

P Q |PAQ




PLEAER A EZ,

o FHAHRMIEARTE X
o )il @'ﬁﬁgé\ﬁﬁ%ﬁp/\QE@Efﬁﬂé
o HAHKZEAM/RNEP A QW HEFRIA
- {01} > {01}, Y =f(xy,, %) = f(x1,%2) = f(P,Q) =PAQ

a2 B AR

f

0,0 P=0,0=0
- FC.O =10 1o
kl P=10=1
ibn = 2, ¥INLENP,Q, HHAEANY
P P 4
P Q |PAQ P Q |PrQ
0 0 0
1 0 1
2 1 0
2"-1=3 1 1
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PIEERATL, HEWEZ

o HAHRHIFAE X
o . HEESWHPAQIIEAK
° E@%Eﬁd\ BRELP A QY HERIA

fi{0,1}* > {01}, Y =f(xy, %) = f(x1,x2) = f(P,Q) =P AQ

ﬂ
roee

= f(P,Q) =4

1 1 1
PR e
QOO
1 1 1
N

geliaciiaciiae

)

Vs

Hhbn = 2, iﬁu)\ﬂéﬁ P,Q, Wi AY

HIZE AR

o6 H 3 5k HHERY
P Q |PArQ P Q |PAQ

0 0 0

1 0 1

2 1 0

n-1=3 | 1 1

FHHEH AR
P Q A
0 0 0
0 1 0
1 0 0
1 1 1




DIEERANEL, BEENEZ

o HAHRINFEATE X

o M. HBEEMUPAQIIEER
o HIEREMI/REKEP A QW HEERIA

HIZE AR

= f1{01}* > {01}, Y = fxy, -, x0) = f(x1,%2) = f(P,Q) =P AQ

(0,

- fPQ) =1y

=
o AH/RERELI N Fh R R
o T/RFIEZP AQ
o HEE

avBiaviiaviiae
T [ |
L
QO
T [ |

-0 = O

® ﬁ—‘}iz PVQ; P—>Q’ P@Q’

R lr|lO|lO]|™

== L
~lololo]>

PAQAP,

PAQAR
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DEERNTEL, HEmEEENERRE

o HAHRIMFEAE X
o il MM FIEERE, RSP A QI EER

o P: 5 RIEW,

o Q: 5 REMK,

o R: 5 REFEAMIAR,
- ¥&: R=PAQ

R lr|lO|lO]|™
R lo|lr,|lo|S
~lololo]>

R lr|lOlO]|™™

R lo|lr,|lo|S

~lo|lolo|™

22



DIEERANEL, BEENEZ

o HERMAZEZ —: Mt
P Q |PrQ P Q |P&Q
0 0 0 0 0 0
0 1 0 0 1 1
1 0 0 1 0 1
1 1 1 1 1 0

P Q |PAQ |P®Q|P-Q
0 0 0 0 1
0 1 0 1 1
1 0 0 1 0
1 1 1 0 1

o W=AEfEREAA G, H 2 20gHHHL

Rl,r|lolo]™

== L

Rlo|kr ||
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HIFE AR

2, BfEmAE

=
e

-

PAEAERAN

Tai 1k
PAQ

o HIERMAZEL —:

P-Q

P®Q

X=PAQ, Y=P®Q, Z=P > Q

0%A%ﬁ§%:

Z

Y

0 | x

P

PAQ |P®Q |P>Q

Q
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DIEERANEL, BEENEZ

HIZE AR

o HAERNIAZZE Y —: fHfb
P Q |PAQ P Q | P®Q p Q P -
0 0 0 0 0 0 0 0 1
0 1 0 0 1 1 0 1 1
1 0 0 1 0 1 1 0 0
1 1 1 1 1 0 1 1 1
BINHIHETE: X=PAQ, Y=P®Q, Z=P > (Q TREINRARE?

E20PRf(P,Q) =P

P Q |PAQ |[P®OQ|P -0 P QP XY Z
0 0 0 0 1 000001
0 1 0 1 1 0100 11
1 0 0 1 0 1 01010
1 1 1 0 1 111101




DIEER AL, BEEmEZBNELAMS

o HHRMAZLZ . FBIREL#E
o T AR M

P|OQ P

|
QS
o

Q | P

LR |O|O
R |lo|r|O
mrlo|lo|lo|©
Lr|lo|lo|lo|r
R |lo|lo|lo|™
R |lo|lo|o
R l|lolo|lo |
L |lo|lo|o
Rrlo|lo|lo|>
Rrlo|lo|lo|<

O[O |O

~|lololo] !




DIEER AL, BEEmEZBNELAMS

o HERMAT L —: BIFH
o WETAINANLIEN, H—BIMBEEBP > Q (S T-PV Q)

il 5 (A=) 2% =mit, Well—ELMU=MF Vx,y [P(x,y) = Q(x,¥)]
Congruent triangles are also similar

Wagil: #HEMP=FME, Well—ErLesE =Mk Vx,y [Q(x,y) = P(x,¥)]

ol HAREF=MIE, Well—g AR =Mk Vx,y [2P(x,y) = =Q(x, y)]

WSl mARMU=AE, Well—EAkeFE =M Vx,y [=Q(x,y) = =P(x, y)]

If two triangles are not similar, then they are not congruent triangles

p | o | EEE | Wam | wem | es6em
P>Q | QP | aP>-Q | —Q--P

0 o) 1 1 1 1

0 1 1 0 0 1

1 0 0 1 1 0

1 1 1 1 1 1




DIEER AL, BEEmEZBNELAMS

o HHAEANAZZ = pirEwit
o ST AUREEGEE (BE, SfREER) > HER

o WEEE 2 (Multiplexer, MUX) SZEL—M7 /R R 4K
{0,133 - {0,1}, BIZ = £(5,X, V). EMREEHHASHE

FEXBY — A A AE VT Z -
c BEEEATRERRE, ol (D WAOEEER AL EX

5Y: (2 P EHMAZES: (3 —IERmAE

7 o H{S=0Wt, Z=X GEFEX) ; H_S=1Ff, Z=Y GEFY) .

Rl |R|R|lO|lO|lOC|O|W

Rk |lo|lo|lrRr|kr|lOo|lO |

R lo|lrRr|lOolrR|OlFR|O|

H
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DIEER AL, BEEmEZBNELAMS

o HHAEANAZZ = pirEwit
o Wit: M, BEMEE > A/RRER

o WEEE 2 (Multiplexer, MUX) SZEL—M7 /R R 4K
£:{0,13® = {0,1}, BZ = £(5,X,Y). EARIEZHIHASEEX
Y — B EE M AE A Z .

o BESANRIETE, 5 (D) PIIMEERATEXSY;
(2) —NEHIMATES;, 3) —PMERMmEETEZ. 4
S=0ff, Z=X G&FEX) ; HS=1rf, Z=Y GEFEY) .

S Z= (SAX) V(=SAY)

i

Rl |R|R|lO|lO|lOC|O|W

Rl |lo|lo|lrRr|R|lo|lo |

R lo|lrRr|lOolrRr|lOlFR|lO|

Rrlolr|lolkRr|[kR|lo|lo|N
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R /RRBA LT

L (HE— 1

>
b
.
2 N

A B3E X (conjunctive normal form, CNF)

o F(y . X)=Q, AQ,A Q... AQ.
o HA:Q=, VI,V .. VI, L=x3-x

FrERSE I (disjunctive normal form, DNF)

o f(Xy. . X)=Q,VQ,V Q... VQ
o HA:Q =L ALA . AL, L=x3-x

52 E RN SWRMMOMICER (—31522"=24= 1674)

[EE: m—EFNMmS. &, FiEs; HERREHER]

Y=X{ X+ Xy Xy+ X1 Xy +x1x,=1

y=0 [VF]

Y=X1 Xy + X1 Xy =Xq

X1| X2| Y X1| X2 Y
0010 010 |1
0110 011
110 (0 1|0 |1
11110 1111

Y=X1Xp+X1-X, +X1X, =%x1+ X

X1

X2

Rk [O]|O

RO, |O

Rl |o|o |«

Rk [O|O

Rl || O e
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DIEERANEL, BEENEZ

o HHAENAZZ = pirEit
o it WEBBIUER, BHRER
o HHFHRIE ZOBRA I M0 /R i R

7 = (=S A X A=Y)

Vv

(ASAXAY)
\Y

(SA=XAY)

Vv

(SAXAY)

A

RlRr|RP|[RP|O|lO|O|O|WN
RlRr|o|lo|lrRr|R|lo|lo|
RlOo|lRr|O|R|O|FR|[O]|
Rrlo|lr|Oo|lkRr|k,R|Oo|o|N

Z= (ASAX) V(SAY)

HIZE AR

} (ASAXAY)V(ASAXAY)=(=SAX)
}(S/\—.X/\Y)V(S/\X/\Y):(S/\Y)
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BT ORAT K B A

o n-H -1 th HUA /R R BOE B2 Rk f:{0,13™ — {0,13

o 1, f(x1; X2, "'rxn) — (V?=_11xi) S Xn

o WM/REREL CHi/RFIEFD St IR ENTEMHFEKHER

o HKhL: flx,y) =x2—y2Higlx,y) = (x + y)(x — y) 2 [F #2200

o — PAEREXHIM/KEE y = f(x)
o —ILPUA
x|y x|y XYy
0|0 0|1 00
110 1)1 1)1
y=0 y=1 y=x

AT R R PR RS
- HAHE

=

RITO | |

< |r|o
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MRRBHE— ]

AyTéA (L, +,,7,0,1)

WA FIE L

LRI /RFENES; 1, .., x, BRAREE; 0, IRMAREL: &+ Fev FFRENETF
o #MIWEE: 01, xq,...,x, EL; BIAMEEZZXE|HE: Ifx,y € L, then -, xy,x+y € L.

o FTHIHBRREMRE (M) ARENEAR

© ® N o o »

11.
12.

Associativity:
Commutativity:
Distributivity:

Identity:
Annihilator:
Idempotence:
Absorption:

Complementation:

Double negation:
De Morgan law:
Implication:
Exclusive-Or:

TRAREL

(Xey)ez=x2(y*2),
(X+y)+z=x+(y+2)

Xey=yex
X+ty=y+X

(x+y)ez=(x*2)+(y*2),
(Xey)+z=(X+2)*(y+2)

X+0=Xx,X*1=X
Xe0=0,x+1=1
XeX=X,X+X=X

(Xey)+X = X, (X+Y)*X = X
X+—X=1Xe—x=0

X=X, Eﬂ—u(—'x) =X
XAy=XVy, xVy=XAYy

x®@y = (XAy)+((xAY)

(HEITEZAERET

Ej%ﬁ%{, WX, y,2=2,3,5

(203)e5 = 2¢(345)
(2+3)+5 = 2+(3+5)

203 =302
2+3 = 3+2

(2+3)05 = 2054345
(203)+5 # (2+5)*(3+5)

2+0=2, 2¢1=2
2:0=0, 2+1#1
202 £ 2,242 £ 2
(223)+2£2, (2+3

)e2#2

In N TEERIL?

eI —X)

T

AT
HT e
BEE
Ly EE
A
WEREE
BERERE
B
FEHE



A BERHRRERN

o B b, WAMAE RILAE, L6
L={0,1,%,%,%1,%; }

o WM. M SECIERISE —Feai R, AR, JL8AHRA .

X1 + %, X1 + %, X1 + X, X1+ X
X1 * X3, X1 * X3, X1 * X3, X1 * X2
o H=H. MHEEARRE ZHRIAN, FHAHEM, HoFRiA:
X1 Xz + X1+ X, X1 Xy + X0 X;

o W%, MHSECIERIS =R RIA, EHAHEH, FLoMHRAN. E2HE.
L — { O) 1) xl) xz; x_l; x_Z)

X1+ 25, X1 x5, x1 + X5, X1 + X5, X{ X9, X{*Xp,X1 " X9, X1 * X,
X1 Xy +X{ X9, X1 Xy +X1 X, }

34



Kleene Algebra (BF#fm/REEAVHEPE)
o MISEREREL (L, +,+, 7,0, 1)IRSHK

© © N o O

L is the set of all Kleene expressions.

e 01, x4, ...,

X, € L;

o Ifx,y €L, then —x,xy,x+y € L.
B TAE (ATRIAEBRFNFRIERN)

Associativity:
Commutativity:
Distributivity:

Identity:
Annihilator:

Idempotence:
Absorption:
de Morgan:

Double Negation:

Product:

(<+y)=2=x+ (),
(+Y) + 22X+ +2)

Xey=YyeX
X+y=y+X
(X+y)ez=(X*2)+(y*2),
(Xey)+z=(X+2)*(y+2)
X+0=x,Xxe1=x
Xxe0=0,x+1=1

XeX=X, X+X=X

(Xey)+X =X, (X+y)ex = X

—X+y)= Ko7y, HX e y)= X+
X=X

PeXj+pe—X; = PHpPeX;+peX;

A RIAT

where p is a product containing —; «x;

R RE
BIAEZEE A
e

g v

S

BRE

R

L ges

EERE

EE
AEmRRE S,

PeXi+pe7X; = p
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HEHERIAN # KleeneF I

An n-variable Kleene function (# Kleene expression) X x XX X+ X
o f:{0,,1}* - {0,],1} 0 1 0 1
P~KleeneZk ik AT | | | |
o fHEMKleene A FAEHEH EAITMSE 1 0 0 1

— N N2 X Kleene R ik 1

o —ILAAN

F—®. BERANTERHIE, H41MFRIEK: 0,1,x,% (FaRiBiEF, BZAETHE)

BT, NASIERIE—RER, FRAEEE, HoMFHFKIEAN: (HBREBEH, XAENMRIERTZH)
XX, X+ Xx

B4, MASSIARBIE T RRIAN, EHAEREE, H0MHRIEN. KEIHE.

x|y x|y X |y X|y X |y X |y x|y
00 01 00 01 00 01 0|1l
| | O | |1 | || ||| | |1 | |1 | |1
110 111 11 110 110 111 1] 1
y=0 y=1 y =X y=Xx y=x'X y=x+Xx y =1
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HEHERIAN # KleeneF I

e An n-variable Kleene function (# Kleene expression)
o £:{0,1,1}" - {0,1,1}

X X XeXx X+x
o M ~KleeneZKisUAHA: o | 1 | o | 1
I I I I
o AMFMEER 1 : O |
o fEMKleene /s FHAEHEH
o N —1ZENKleeneF il ngggﬁ%mﬁ
® _‘/\/—\\‘/l\ )
X1y x|y x|y x|y x|y x|y
0|0 0|1 0|0 0|1 00 0|1
1|0 || 1 || 1| || || f\/
1]0 101 101 1]0 1]0 11 11
y=0 y=1 y=x y=x y=x-X y=x+%x y =1



T RAUBLE32a R T i /RZH

o MMERFEMAM/RRE (/REIAHD A2
o fll: ~(ox) SxRHAREIER, AL
(DFEFAFD i (@B AT S A%

o m=0: 24 (OFI1) ; =1: 44 (1, 0, x, ~x)
® =1 22

ANAR Y e SR R R R T 2 /DA
o FHIbHEPRE
o A3 MARLBIMEAN, HEE < 287

n THREFNH 22 MARFIERM 22"  FREFRERIH
1 22'=4 22'=4 6

2 22°=16 22°=16 84

3 22°=256 22°=256 43918

4 22265536 22265536 160297985276

E—/REEBEBAME—BI M RFTIEN
SAES

MIRFIENFM L= REH=-EER

AFERER
TEX N ARIE 2

fAERAESR
ToxF MR IA 5

52 3 B ek B A 8 3%
33'=27
33°=3°
333=327
33%=381

38



2.2 FFEER 2283k (arguments) K
Bl ELO IR, VIS E 6 O BB AR 5 Ak




TRBERAEE
Z 14119304 H
o M KIEM (FF
“Ihig R s S 2 H
JTﬁmA — MBI IERE 2% .

N—

/

AL RSN R IV
(Fr&e) TS R

=N
T

I\P

-ANBERSIE logical argument?

Z) W) “HIM NS e T AU EA )

E" /\ /\

) T e

S HA L.

40



TRFRARE

Z 1131930 F
i K ZEM CiRF

L
L]

ll

N—

“%Wﬁﬂ?@%(ﬁ{ﬂzz

R RSYNEY it
M EFANF:

H

=TT
2Bt Il 1)

JTlﬁl—J/\

e E— 2

2

CH R AT
R 2
() FERE, SREPEAER. X

1E logical argument?

BB A

2 J& W\ 18
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TiRBERAES AR —NEEILIE logical argument?

B 19304 H24E T T UK

o MM ZEMN (FFEY W “WIm)RERS Y » 57 i EN s “mhm)”
o “MIMNENS TR S 2HM “ET BT S
KK Et R T ES R, — MBI ERNZAY).

[T

[}

N—

® )
oM A& A\ =. ((EZAN In=p U H S E AR  rdl FEEHIEm I\ g
e e B N e 4 A== mu/qums 5/ = a5 7 SE-2 S O S HH S S R S Sl 2o vy Lo n /R i e =

ZMIt T E R, 2% T Bt (NE&207) —PBHNE.

o WIkAGHIIHIEDL, EZML, HAGRME GErT) 2UHBin 4.
BT =R AR, 51 T ORRMERT “m Al Bk,
BT AL R AR, AREE.

N—

N—

N—
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ViIV=E- SV,

=

IAEIMEIER B T73 |
SRS, B3, S8t SISO, RRRIRR, KRR
5 EE—E, LKCFHE, St B2

X5 EEQETER RS, K, BITL.

N7 BBEH, =k (ZK, ¥z, 7J&) , a8BE—K (ZUK, P+,
L8) o LTERLLGERZ, BA#R, 1BA=H. RREIIR—FL. A~LE, E5—H.

N75: BUASR—, PEFEZE, EFLIEM, IARINTIEETE,

N75. HmdR, RREBEBHE, FIEKEE, HHEXF, S35, UBSEEERES,
FLE, XAHEL, SFH%, B, 88, BXZM, <EMIE, TR, RME.
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TiRBERAES AR —NEEILIE logical argument?

BT T VR R, R ERII A
EMMt AT B R, 2% &5t (NE&E07) —BHNE.

o miftlErtiiE L, EEMA, HACGRME G Ui+,
EM AT A E E R AR, I S URRME R el BB AR
EHMIAT UE E R AR, AREE.

o ERBAANIZMHFTE R

N—

N—

N—

N—

e The Nobel Prize in Physiology or Medicine 2015 was awarded to
William C. Campbell, Satoshi Omura and Youyou Tu.

o 20155 [ ig NUREBFEMEZRER T =AM E . e —FRTEER - KIURNANE, &R
AR TEE QT B R DTk, R TR, DUR MR e IT EI TR, ..
JEM I R T TR AR, XY BRI TR B AT
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FERSEERIULT S, DEPEE

e Deductive reasoning J&ZE P
o MHETIR (premises, AR NI M4 HEFE N

(inference rules) #ESH 451 (conclusion)

o IFRNEAHMEI IR UER YA RH) (valid)

o AREIRIUESS R IE IEHHH]

o WURFIRAZ LM, Z50H € B2 LR
o WURATHAHNR, LT IRK

e Inductive reasoning V44 #
o MNIEFEARMGR, HEFHIZIME L

e Abductive reasoning i

A

FHEFE

o R EL VR AL S M H sy B

o AURFEIREET] H BIHAT AT SR

ECBD Pathway to Convergence, 2017

=fpER (Reasoning)

Formulation of Hypothesis
as Mathematical Model ‘iﬁ % ?&@
Theories DEDUCTION

(Drawing necessary conclusions)

Execution of Model to
Generate Predictions

Generation of Explanatory

Hypathesis
| M“gPUCTIOI\I:@)% R Predictions
aKing guesses
INDUCTION VI GNFEEE

(Inferring generalizations from sampling)

Assimilation of Predictions &
Data to Evaluate Hypothesis

Discovery of Patterns
and Anomolies

Observations

From Instruments, Sensors, Records, Visualizations etc.

REALITY



243 (Inductive Reasoning, Induction)

MINEHEARPIER, SRR

Inductive Generalization

Formulation of Hypothesis

. o . as Mathematical Model 3 ?&ﬁ
Mg NA LK, KEFRE EMKRTTTHE Theories b

(Drawing necessary conclusions)

'TE,%U‘E ﬁﬁalu\xiiE‘L}Azfﬁﬂi Egecunotn%fﬂcxffp?e/ra
:T-')ﬁ\ ?Ij\lu . jxt IZEI Eu% 9{ $‘ J: /2% }‘A ;Jj\ 75 ﬂ i Generation of Explanatory

Hypathesis

Mg NTE B RIGHR 2 B R agpucron B Predictions
(Making guesses)
. RIGEEEE INDUCTION =1 4 2

(Inferring generalizations from sampling)

. B R IR 2 R A B A Rt B A and Anoles fsiiatonofPredctins

i& JEI Qljil /z‘)% ﬂ: /\ / ﬁ }E ! From Instruments, S?a?ssoerg,v F?J(I:gr'!ig Visualizations etc.

N N N N N

ECBD Pathway to Convergence, 2017 REALITY



#IR#F (Abductive Reasoning, Abduction)

o ARV RIS A I L A o ) AR i

Formulation of Hypothesis

o MEAMRLKRITE, RIKERAHIES e
}i T ﬁl:i@j ﬁ ﬁ %I jj ﬁﬁ% Theories (Drawing necessary conclusions)
o BUL1: AW TA 5| 1 EE LK e o

Generation of Explanatory

o RUL2: KFHRAFAER/\FITA oo

3 Predictions
| hﬁpucno/@? X1
S NN ) I N N aKing guesses
o fti)E, RHEZKIRIEMU2IRMMALIE, KN T  INpucTion VAR
= _ (Inferring generalizations from sampling)
35 Vs Disgg;e%g;ﬁgims Assimilation of Predictions &

Data to Evaluate Hypothesis

Observations

From Instruments, Sensors, Records, Visualizations etc.

NN N N N

ECBD Pathway to Convergence, 2017 REALITY



RE /NS

44 g

PVvQE —Mh/RFIER, BEWIMHREZEP. Q.

—((=P)A(-Q) £ 7 — M /RKE, FEMTPVvQ.
EANAE 8T — M /R FRIE X FN K.

BANAMIRE R REAREN KA ELA? O
A 1 x (22"
B (2x2)2"4
C 2@D"A

D. 22(2><N)/l\


https://course.things.ac.cn:10088/questions/?title=测验

SEE

113X

.

WIEARE (not truth preserving)

o {RE (truth preserving) , RN EE L.
o ITAETHNE, WEiL—ENE,
o AWTEEHIL “PrAArRENEG AR BITEM.

o HYNHEFEH|F (M 20154 DL WURBHEIFEARZ AL)

- W DURBLF AR TR TURMIEN . (2, AR ai R s, AR, PR, &5l

o HIHE

o 19014FABEE,

o 2014ERAE . REFIE. ARG SRR B VAT

S{ER 2T NN NPSE SR I W 7R S

R E2AIE TT AR SRR

o ZiiR: i VURRLFARAT E IR

R RER. HE

49



:rE.

>

l

]

Z4

113X

HEZHEISIFRE (truth preserving)

o fRE C(truth preserving) :

o FrAHIRNE, WZE—ENHA.
o ANATREHIEL “Pra A NEG N HITEH.

P: i DURRHZ G LRI TR IR K
Q: By it Ul /J\ﬂ”“ﬁ (SEE
R: My 53 BUR & B 220 7T R

AFTREH I “RABIEZ(PAQ)NE” HITE N
o RAMR: BWIM)FIERE RN ZRA IR FINPNEHQNE

HAHERIRE, Rk a R (valid)

o ENN LRI NE, AR{RIFEES NE., E (valid +EfHEANE) , W IERTEER (sound) .
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anAe] i 2 PR EL e ?

o RS, RAEMAZZH N HEBEMNERZ TR 54518

o JEBLMNE)—M Atk

P1  pi#tl (f/RFHER)
P2  HiE2 (Fi/RFTER)

Pk ik (i /KFEIER)
0 Gt (iREER

i R FER[(PLIA... APK)DQIZ/KE I (tautology)
wan, [(PAP>Q)> QHELT1

BAREN S

PAP-Q)~-Q

Rl~rlolo]|™

RO |Oo|Q

Rrlo|r ||

RlR|R R

51



AR (RRERAA/RES) KN

ZF# (Substitution) , BIFIHAA/REHERMER, ZEATZEI, X2 mEnli ),
win, P>Q = (—P)vQ . ik, FEHEHINFES,

P>Q (PR, BATRHITEN ] E#HN

—PvQ (EATEXYIE gl AT END

BRI (I\/Iodus Ponens) B FEHR (Modus Tollens)

P AL AT -Q A H I EAL

P->Q &?ﬁ%’?ﬂ %‘éﬁﬁfrﬁm P->Q WP gmiE 2 1 E AL

Q WHTHEAHL —P PIAE 7 T Az
=B (Disjunctive Syllogism) BE =Bz (Hypothetical Syllogism)
PvQ WA P gm iR aE T H THHEAL P->Q W gmiEE HiHE Al

—P WAL 7 T ke Q->R T EALEAT L 5%

Q T AL P>R o g B EE AT FL DY
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AN &k &

WA SRR SR 104 70

“Lﬂ
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2.3 BERE EM

o E RAIMA YRS, Bl &5 82 oL ?
o WL FrE LIRS IR R AR GO & .
o B2 FALHIEGOWE & MR ¥ AT BN T —4F IR IRBI
o il AL ISR R AT RO T AR F IR




BT P

o 47E NHIMIANRTE, REFEM A58 ALK ?
o WL FrE LIt RIRIIEFHFGEGOE F .
o W2 FLKFIEGOIE T WFEIF A BN T —F it B2 R
o Ziik: FL L iHRLFMIE R BN Tt RHRIRBEL
o EX NMIWIFILT
o CS101(x): [A%x biditkl&
e MasterGo(x) : [FA*xf5iEGOIE S

o TA(X): [%xrl SN N —FiR R

b b}




T B

Panii

b h)

o 437E NAIPANIRHE, REHE 450 R oL g ? iR KRR
o W¥E1l: PrE BRI RIFFZEFEEGOIES - Vx[MasterGo(x)]
o WHE2: FULFEIEGOIE T MR BON N — & 1R FIRBIZL Jx[MasterGo(x) - TA(x)]
o Hhiik: AL EIHRLRHIE A O T —FE RS IR 3x[CS101(x) = TA(X)]

o AN &R
o CS101(x): [A%x biditkl&
e MasterGo(x) : [FZxfHGOIES

o TA(X): [%xrl SN N —FiR R

wIE 2115 17 R8N 1% /2 Ix [MasterGo(x) A TA(x)]

MasterGo(x) TA(x) MasterGo(x) — TA(x) | MasterGo(x) A TA(x)

0 0 1 0

0 1 1 0
1 0 0 0
1 1 1 1




P e A

o HUE MU IESE, Hedl Sl T RO
o B Fﬁﬁiﬁfrﬂ%ﬁéﬂﬁﬂ%ﬁw GO .

)ﬁ'.ﬁ

L}i

o B¥E2: RGO F WA Al oy N — SRR IR

o Ziit: AL ENTHRIFIE A SO N SRR IR

o FEW»%ﬂM’J VG R IA T s FH SR )

mﬂﬁiﬁﬁiﬁifﬁé Lo SR P A B 9] IE A 1
R, ks e ¥ 2 1B

o EX?ﬂ%mﬂ?
e CS101(x): [F%Fx biditFlF
e MasterGo(x) : [A%xf5iHGOIE S

o TA(x): [EI%FxAIBCA T —FitRHRIRIIZ

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

V[z‘i‘El: Vx[CS101(x) — MasterGo(x)]
wH#E2: Ix[MasterGo(x) A TA(x)]
Q;:ﬂt; 3x[CS101(x) A TA(x)]

W?ﬁémnT XF, gk A
WHIAE: = 3x[CS101(x) A TA(x)]
’%%FF Vx[-CS101(x) V = TA(x)]
R B — A [R) 742 S FLBLp,
/Wi& LA, HASREA R A
~CS101(x)
1% —TA(x)



A R B R
o %5 ET?J%/I\L@%E, eAfE 4 51:}5524[3’1“%‘7 xR
o WL FrE LiitRFRIRE H%%M‘ HGOIEF . Vx[MasterGo(x)]
o W2 FLKFIEGOIE T WFEFA BN T —F it B2 IR Ix[MasterGo(x) - TA(x)]
o Zhiik: AL EIIRISMFESE AT ECON T RS IR Ax[CS101(x) —» TA(X)]
wPE1l: vx[CS101(x) —» MasterGo(x)]
® Pl%f@ﬁ’]i_lﬁfji%ﬁfﬁ A5 R FHE R R D) w#i2: Ix[MasterGo(x) A TA(x)]
mﬂlﬂz‘iiﬁﬁiﬁifﬂé G SRR HEAS B B IR Z5i:  3x[CS101(x) A TA(x)]
B, i e e s & Emim. e
’ EX?W’EME? mjégllll;mﬁ’af[?s%{?(x)/\TA(x)]
e CS101(x): [F%x biditklS N SEHTF Vx[=CS101(x) V =TAGX)]
e MasterGo(x) : [Fl*xf5iHGoIA 5 R 3 A [F] 224 R LR,
o TA(x): [FI%ExAI AN T —F it RHRIRIIZ Wi e, HASEAERX
~CS101 (%)
. E‘Z —|TA(X)
o ZHiAXT, FRfaH A
o WIRFERAGMWAFE%a, b, HBPFIT
o [A%a: CS101(a) = MasterGo(a) = True, TA(a) = False —-TA(a)
o [F%b: CS101(b) = False, MasterGo(b) = TA(b) = True —CS101(b)

o B HEIEWHEIM2E L, HEE WA AL



by

3. PR LB A A = BR A

o B RMLEENS KMAT I vl v 5 ]
o IfEF-F R (Church-Turing Hypothesis)

o [ERMARTHILE B RYLFM
R RAFE AT D) S K =2 T AALS B R AL

o [EAEANA] {1H n] il
Bilhn. A=A A

59



O Iiﬁ‘-

RHLEIE

b3

b

114

.
=

—1

A,

]

o EEMMBITHENS
R RAFEZ 1)) SR 2 HEILS B RPLEDT

PR 4

X

b

R (Church-Turing Hypothesis)

R

o JLAR <A RATLE L2
XS

o HitH
o SKHE M EAZEN

BN
E
;m\

o Mink 2 M EAT,

- ERPUIIEARR Z 81,

K RHLA 2
HGofE T R FEHE —4T: X=1024 + 512
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AHME/RA 7B 4% e B — AL

AHERA SR B AR DMEEYSEEARNEERG T, FEREA TR oy
IR N | A% /N B TEERTAR

(5l B RSB E B4 19)
o MINEMBAEMNETEERRGE AT UE? 1. Zero is a natural number.

-~

Tt BN
2. Every natural number has a
Goodstein Theorem, 1944 successor in the natural numbers.
: FEE BRI — Rk AR
o Every Goodstein sequence approaches zero 3. Zero is not the successor of any
natural number.
v > N Vb et I . FARATA B R E J5 4%
J\ZA{%/E iﬁﬁ}i% Hgﬁﬁﬂlﬁﬁﬁ% é}ﬁ Elj IE Eﬁ 4. |If the successor of two natural
° Kirby & Paris, 1982 numbers is the same, then the two
_ original numbers are the same.
e Cichon,1983 J& AR TR R PR B SR BB 55
e Caicedo, 2007 5. If a set contains zero and the
successor of every number is in the
o Zankletal., 2014 set, then the set contains the natural

numbers. 44/ B

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)oy, (N)y, ..., (N)gmy » 0, --.
e E.g., for n=266, the Goodstein sequence is

(266)g = 22 422+ 42 — 266

(266), = 3% +33t1 431 ~ 4.4 x 103
(266); = 4% 44t 421 ~ 3.2 x 10016
(266)s = 5° +5°Fl+1-1 ~ 2.5 x 1010921
(266), = 66°7 L g6t — 1 ~ 3.5 % 10217832

B3l BEAORL T4 < 1090

o HERIMKRMR. (HZ
e Goodstein’s Theorem: For any natural number n, its Goodstein sequence
(Mo, (N1, -+, (N)g(ny » --- @approaches 0.

e G(n) #XAGoodstein function. The first k such that (n), = 0.



Goodstein sequence for n=4

® 273!}%:
® 37\7}?&%:
® 47\7}&%:
® 57’\7}%:
® 6?’\7}&%:
® 7?’\7}&%:
® 8?’\7}%:

(4)g = 2°
(4),=33-1=2-32+2-3+2
(4),=2-42+2-4+2-1
(4);=2-52+2-5+1-1
4),=2-6°+2-6-1
(4)5=2-7°+7+5-1
(4)=2-82+8+4 -1

* (4)gu=0
G(4) = 3.2402653211_2 ~ 6.895X101212]‘O694

o REBBMCEEITA (4), 152

=109
=139

BT AR T H < 10%

63



T AR (p. 121)

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




4. Rt EHE? Acu-Exams-CP

e Effectiveness = Constructiveness + Finiteness

(730 MIEME = (PR WIETE + 7551

o ERIHIIENRE M A AN EH, AelideH
g7

v
\ i H :C) é ﬁ—‘y
B (%) —| FEFRC [— =& FRERHE




A2 R Bk X HIE T

e Effectiveness = Constructiveness + Finiteness

(J7 30w

o FRWBTHERKR

= (R3O WIETE + G951

R BRAREE R, ARG e

H%E
e 2 . ) f? 2 1EiﬁDH<:C’ ﬁﬁéﬁﬁ—‘nj’
{ﬁﬁ (ﬁ%zH ) — {EJE’Q"%C — 11:113 ;fm%%/ﬁ%\’f?@

WEIE
i_ L a 1 N T =N 1 =N H, __ 1k I
—l| LY S . & e ||
: 1st Step Current Step Next Step Final Step i_> ﬁﬁﬂj

O |

TEARS

66



a4 H 55 1H?

e Effectiveness = Constructiveness + Finiteness
(7)) MagEtE = (B3O WiErE + 7551
o MEHHE
o HEMTIHES I BHIEENEG I, ZOF(N));
o HEMTIHES M EMHENTLIRK, 2£0(1)
o ;H\:EP’ Iﬂ%ﬁﬂ%‘iNﬁfU\E%ﬁ, 'fﬂﬁ%%%ﬁ

67



HAREFHE?

e Effectiveness = Constructiveness + Finiteness

730 Mgk = (O W&t + 795 1%
o PNRAIM: HREMENAIRKOR(N)); 5REMBENILIKOL)

o (A TITE: SHEMEE I, ARE R
EILAR N, SRR, R A
R KA RN A, 5 KL

O(f(N))

B |B

O(f(N)), NfEEK
O(1)
O(f(N))

MFESE | /O’

TS o

O(f(N))
Hia K SR
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HAREFMHE?

e Effectiveness = Constructiveness + Finiteness
(70 W& = B3O MigEtE + H 951
o MEETFME: SEMBENAROMRN)); 5N TLIRO1)

o AT B @A I, FAEEIRE O(f(N)), NIFEE X
o AWM, SEIRNAFEY, BNAIRMESE R O(1)
o (EWKMAFMAEERD) ZEidAHMN, SERIEN O(f(N))

o FETAHIIM: FBEFATES M BRI TG R O(1)

o MAMRTEFFRIEIELRE
Adaiz FLike 7> 1 e 7

o (EMERHAVREHSE R AR
INEE R JLAT

o) |KEE | IOKF

FhiEes '
___________ 1 O(f(\) O(f(N)) . LI/
B|O0O |1 |B|B
--------------------- - BERKERE



5. HiE.

SUEWTE AL ?

o HIEMEAHITTIE X (RfEgh L rizg X
o fHVE. WM. "iEHE

o vk

A RAV e SR Boit, IR HAS R = fE g e X

70



LB gEWTEMAL?

o FIAMEHIIIWE X (RS 1Lz 30)
i B TR
ik P RL e v

o WHINCR K E (Ko, O, Q, Oil5RIE)
BHSREEAY, HAT S
PtsrE: BRSRIEOM?) . FEAIE0(nlogn)




BB IDTERAL ?

o HIAMIZHITIRE X CREFEgh 1o i O
WiV @EH. TA
IiEE RV T2 FiEwot
o WM EFEE (ERKEMo, 0, Q, Oid5KE)
RUEA B LA, FATHEILD
PudHER: M EREOM?) , FIHEIREO(nlogn)
o IS T7vE (algorithmic paradigms)

YA

IME BIAHRL. Bl BEHL



HIE B YETEAL?

o SUEMERMIITILE X CREAN LA 5E 3O
g, . TR
o LK RHL BT HIL BT

o YRR ERE (EKKo, O, Q, OiId5RIE)

WG A E AT, AR
o PRIEHT: BIMEIHREOM?), FHEIREO(nlogn)

o IGUbIE T (algorithmic paradigms)
Sias sIESHLRI. Pl BEAL

o IUWPHIARZE, &N [F] Bt

i

A

FALEE T H70.6181:, A2 i ki

o HHEML
o "EMIERIE~log sn, >logieign
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5.1 R FEMNFIHEERE X

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

O HRME: RSB G0WREXL L, ~n?
@ HEME: BRI B EREL AU R R HA T UH) 8 L.
® AN: FHiEAEN RN, EEFEH G H R3S E .
@ Fid. BEH - NEZ M, SRR SWAERERAREUE.
®  BeATME: BEVEMIFTAEAE LIRS LA, RN E—A N Beh% F2E FIARE A TR
TR N RS b e e
e iNE P
R S
18 o HIN: RHERIOBAA, BUANKEn.
A e . HH: HETRERIRALA.

DhRe e & . BBk
NI fori=1ton—1

) forj=1ton —i

if A[j]>A[j+1]

exchange A[j] with A[j+1].
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o 1o RITREE
— RN AR, 25 HOR AR Ry e SR
R BB, SRR S AL

@ ®» ®© OO

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

N BIEAENSZ AN, ERIEHEEL
HIRBIASHLEE E

Wil BEA - NEEZ L, M ESEA
HHFE R RAMEE

BeAT . BRI A B IS T A B AR Y,
JFE I —AN N Rei% FH 28 AR 7E A PR B [a) N A A
e R EAT.

=Rake Tn o k7
. ﬁk:%ﬁ?%ﬁﬁA,ﬁﬁMM£
ZNo
o it FFERIEAA.
¢ fﬁ/ﬁiﬁ%ﬁ%@
fori=1ton—1
forj=1ton—i
if A[j]>A[j+1]
exchange A[j] with A[j+1].

HAPRHEIA?
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B EAEEMREEE N
o V1 E —Fia 55 M

A AR AN, 46t SRARAEE R 270 i
BHRIE RS, & A M

O HRM: FIEAEFRPERE G BIREL L,

@ WM. FIENEA DR IURE O™AgH
LB HD E X

@ HAN: BEAEANHZ MmN, EEEIT R
R EHLLE E

@ fidl: FEA AN, b ERSRAE
¥ 5 R R IEUE

®

REATTE: IR A BAE LIS TR AT, TR
gi;ﬁk%%%%ﬁ%ﬁﬁmﬁﬁW%%ﬂ%
(e

B R
o M PP RIEALA, HUHAW

KiEn.
o i HHFRFRIEAHA.
o BORDIRINIA:
fori=1ton—1

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

A RRRIR?



=

B

=RITkE e A7
o FN: fFHERFIBALA, HAHAN

o VR FIA T e

- farth: HEW R RIEA.

— AL HARRSEIN, 25 HOR g e 2R . VR IRHA.

R IR A, )

@ ®» ®© OO

A ANRHIE fori=1lton—1
GRRM: FEAERRD R WIREZE, forj=1ton —i

M. EVEMREAN S5 IRET A IT AQ]>AD+1]
Eﬁ%%ﬁi%?ﬁ%i/%%ﬁ 2 exchange A[j] with A[j+1].
AN, BV BT L NG N, {E 2 5 ;
iﬁ%z@ﬁ?g%' 2NN, TEFEIEFIRER ﬁﬁ?%ﬁ;ﬁ?

\ . alaHy D%
it S ARE ML B S B SO T

BHFERAZPEUE.

BeAT . BRI A B IS T A B AR Y,
JE U _F—AN N et 2B AN ARAE A RR IS 18] N A
e R EAT.
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= = YA = g —_— N X »
EHFUEEPANFEIEE X
E?@ﬂk}?ﬁ% Fr 1% A
o FiN: FFHEFRIEAHA, BAHAR
VYL S ——a e
o R =AM IITE : gifloﬂtﬁf?%%ﬂm
AR SR AU, 4 SR AR s 2 ) VA s
HHEAERFE S, RS TP AN fori=1ton—1
O HRM: FHERRS R FLREAL. orj=1ton
O WEtE: EIEIEASDIRE L AU i R TAIPAD*L] -~
AT TE I S b)) 52 3 exchange A[j] with A[j+1].
Q) #AN: FiFgENSBEZ AN, EHES /) B A2y 9
P A ﬁ}iﬁéﬁiﬁ;
@ . BHEAE - NEEZA R, fEESEA . TEREATHL RS [ BRI T 5
RS R MW e
®  BeATH:: BIER A EAE D IE R SR AR,

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

5

»

T

HAL R TR IRI SYA R X

1= = Fha 55

—ANEIER - HA RSN, 25 H SRR e 2R

IR, IR RN AR :

@ & @ ©06

ARVE: FIRERRP R R IR B,
FErE: SHARE D IRE L IUE T O™
RIS € 3

Wi FEAAEFANSREZ A, EEEITE
oI B S HZE E

Mith: SR e A, e S
ANAHRFRE R R IHUA -

REATTE: SIRRI P BRAE L AE T8 0 A,

B HEE
o WA FFHERRIEALA, BAHAR
KEn.
o i AR RIEHA.
¢ ﬁfzﬁi}/}:%ﬁ%fﬁ
fori=1ton—1
forj=1ton—i
if A[j]>A[j+1]
exchange A[j] with A[j+1].

AR REIE?
o AdafizsHRET
o FEFATEN 5 ARG <
LT A AL
AR (=

JFE I E—AN N Reis 28 AR 7E A PR AR A
L SERCEAT .

TR EMFENEL. )
A7 PR 1] 5E AN K !
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[(mly

L HTH AL R R HL IS X
Y P B
o A LA, R
R =M I ik R,

—NEEE —HA RN, 25 B SR AR e 2R 1Y o FIRPBRIR:

R R A, IF

@ ®» @ ©06

Jﬂ/\fFiﬁ fori=1ton—1

G B TR Y R B L m&ﬁi&ﬂ

@ E)%ﬁﬁﬁ% gi SRR exchange A[j] with A[j+1].
MiIN: FIEEEANWNZ NN, EEE WA 55 1

 FIREh A 25 e HARIZATEZ0(1), Snkk
it S —AEE M, HR e

NA KR E R APEUE ”%g@%m‘gnﬁ
BEATIE: BEULI TG R FUR 75 4 BE A, SRR R R

JE ] E—N N Getg FH ZE 47 A FR A e AR, 8 1 B 4T

b 52 e AT A TERetT

E—BAE R T EAN,
Pt it I 18] 5 5E 24T PR A
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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

@
@

@

GIRM: FIRERIRPIRZ FBINEL L,
M FIikBEA D IRES LIRSl O™
AT ) 58 o

EUAR S M !
AN BEIEAZENEZ AN, ERIEHIEEL
HIRBIASHLEE E
Wi BEA - e, 2SR
B E R RAMEE
BeATME: BIERI A BB L AUE 78 7 AR 1Y,
JA I E—AN N Rei% FH 28 FNARAE A TR B 8] Py A A
H5EBCEAT

BWHE P HEIE
o fA: fFHERRIEAHA, BAHAR)
KEn.,
o f: HHE R REAEA
o BNRPRFIR:
fori=1ton—1
forj=1ton—i
if A[j]>A[j+1]
exchange A[j] with A[j+1].

AP REIE?

A5 I E LR S HE AR E 2D R
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B HEMEEARIEIEENX
T
X o HiN: FRHEFRIEAHA, BAHAR)
o BETERT 4 RE? R
R AT TR AN, 4t SR A s e L T LR
IR R A, R R AN E forizlton -1
D WM EPEE IR BRI L forj=Lton
2 gﬁ%%iﬁﬁgiﬁ LA exchange A[j] with A[j+1].
9 N HEHESREARN, T LA 9
Bl R A A fﬂ;ﬂ;§§%£‘
D Wi EEE— AWM, i C BT B KR
NAFFERZPIEE If R BLAK E==2BBKT {...}
©  RATHE: TR R 74 A,

JE > N e H 2B A ARAE AT BRI TB] Y RS
e e T,



5.2 FIXH R RE T
o SRAFEWIIIHA I 2 A LGOI ALHERT £ /b 2

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

}

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

FE i O SR A A ) 0 A 772D
T(n) =T(n-1) + T(n-2) = T(n-2)+T(n-3)+T(n-3)+T(n-4)
2*T(n-2) < T(n) < 2*T(n-1)

T(n) < 2*T(n-1) < 4*T(n-2) < 8*T(n-3) ... < 2"

T(n) > 2*T(n-2) > 4*T(n-4) > 8*T(n-6) ... > 2™/2

Vi

o B

212 < T(n) < 2™
e T(n)=Q(2™2), T(n)=0(2"), IEEIEE!



BEEZXENKIEE RE ! 10x10HE 2

PR R A, AR ZORBIEAZ AR

FE10x10AE A% o ok -

FURTLIRIAK, SH22RGT2RK, 5384

RK, ... SKIETR2MRIK

BIE1Z A% ?




TREE B K IR AE ! 10x10H %

FE10x10MH £ F Al Aok
FARETNLRK, FE2M 20K, Z538% 74
Kk, ..., SkI&2kk k.

Rk K E=0.0277 (50%iK=177)
MO ETLOAME 7, ML F Rk 4203k 50

PRAE E RO RE K B S 2 TR K
K100/ ME T, B AL 21011 K

HUBR ) JT B K2 /e 6X224 T 77,

B¥§&m—?;%ﬁ’~ﬁ§}[<:é:g$ﬁé’|? il 1 2 4 | 8 |16 |32 |64 |[128 |256 |512

84\21:&}5]%! 5% 0.02 0.04 0.08 0.16 0.32 0.64 1.28 2.56 5.12 10.24
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A

/ho, KO, Q, OIE% Bk MnRex i)
SERBEFN, FATHESE M g(n)
nt58=0(n?), ni%8=0(n%, {HO(N?)% O(nd)

» N

o T(n)=o0(g(n)) Lim £(n) / G(n) = 0
o N1%8=0(n?), nl58x0o(nl%8), n2s% o(nls8)

o f (n) = O(g(n)) IEHc > 0, £(n) < cg(n)
o N1%8=0(n?), nl%8=0(nl%8), n2= O(nl58)

o f(N) =Q(g(n)) A& c > 0, F(n) > cgln)
° n1.58 + Q(nZ)’ n1.58 — ﬂ(n1.58)’ n2 =0 (n1.58)

o f (N) =0(g(n)) f (n) = O(g(n) I K. (n) = 2(g(n)

® n1.58¢ @(nZ), n1.58: @(nl.SS), n2¢ @(nl.SS)

86



/ho, KO, Q, Oi1E%
MR Yok, o2 Lo . EHO . THQ. &Hro

- 1(n)
ef(n)=o0(g(n)) ormm™HELR B %Ej}) ) 0
n1.58: O(nZ)’ n1.58 ? O(n1.58) , n2¢ O(nl.58)
o f(N)=0(g(n)) £x IFH-c > 0, £(n) < cgln)
n1.58 ? O(nZ)’ nl.58 — O(n1.58), n2¢ O(nl.58)
e f(n)=0(g(n)) F& I=m®;c > 0, f(n) > cgln)
° n1.58 ? Q(nZ)’ n1.58: Q(n1.58)’ n2: (0) (n1.58)
of(n)=0(g(n)) =m f (n) = O(g(n)) I H. f (n) = 2(g(n))

n1.58 ? @(nZ)’ n1-58=®(n1'58), n2¢ @(nl.SS)



5.4 BB AHE (Algorithmic Paradigms)

o i EME
o K FlHEFH:
o BRRMIEE, 17T 40k
o KEHR:
o HEFEET:
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VAN
ﬁj\ H JEIEI\ ZI;E

o NAHEFFSIA

o HNZMIEVEL, T ik
o REHRIL

o FHFFIeIL

o KIRIZIIHTH)— M HE 2 2

BEg% (Algorithmic Paradigms)

W HEABE Sy A5 e 1] S8

g3 Na 1 1A,
FAST I R A/ b

A I g RIGTTFEE N0 (nd)

INN TR A BUEE /NS WA
n
T(n) = aT (B) +0(n%) n>1
0(1) n=1
R HE AT, R E RN
0(n%) d > log, a
T(n) ={0(n%logn) d =log,a
0(nl°8r %) d <log,a

HIFHET: a=b=2,
d =log,a =1,

T(n) = 0(nlogn)
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BT

oyin A

o FAHET S

o BEFRME, F T
REHTR

o HIFFTRI

o OYHTLARIE M4 At

HAR 5%

o BHTHUELL Foo BEbL

o BOEHE

e fastsort.go vs. quicksort.go

4

package main // fastsort.go
import (
“fmt"
"math/rand"
"time"
)
const N =1*1024 * 1024
func main() {
rand.Seed(time.Now().UnixNano())
s := make([Jint, N)
fori:=0;i<len(s); i++{
s[i] = rand.Int()
Il si]=i
}
fastsort(s)
fmt.PrintIn("s[0]=",s[0],"s[1]=", s[1],"s[",N-1,"]=", s[N-1])
}
func fastsort(A [Jint) {
iflen(A) < 2{
return
}
lowerA, upperA := partition(A)
fastsort(lowerA)
fastsort(upperA)
}
func partition(A [Jint) ([Jint, [Jint) {
I/l pivotindex := rand.Intn(len(A)) // randomly select a pivot
/I Alpivotindex], Allen(A)-1] = Aflen(A)-1], A[pivotindex]
lower ;=0
fori:=0;i<len(A); i++{
/fif Ali] < A[pivotindex] {
if Afi] < Aflen(A)-1] {
Allower], A[i] = A[i], A[lower]
lower++
}
}
Allower], A[len(A)-1] = A[len(A)-1], A[lower]
return A[O:lower], Afllower+1 : len(A)]

}



Ra BT
4. The file abstraction XHEXHRS

o FFAMFMEIARER A, N HEIEAFAE

| _root directory
o 1R G — ik Il N
o WHFH A O, HEE A (HF) ,/47\\\

o WA (B§F) 5 HEXERIE, AHXTERAE
® EEZKL, bﬁ%%ﬁ%’ %ﬁﬁﬁ%’ QEEZKL’ *EEZIZKL hideOgﬁt\\bmpdt redUCAS.bmp

o ¥R 5 T

o SCHEREIR, STEERN, i RIALR
o UnfAfisE N\ 3

o HFIT e M R AE
o WA SZFFIEIA

o IEREAMECH TR

Richard Karp.txt ~ Autumn.bmp  doctoredAutumn.bmp



4.1 XHEXHRS

o NfFRGLE M

o Leaf nodes are files X f; internal nodes are directories H 3% (special files)

o FDUIREA (OURR NI ERAE, TRIARESIE) FRUIIE— XM

e Absolute path Z&xt#&42: all the way from the root (/)
e Absolute path of Autumn.bmp: /cs101/Prj2/Autumn.bmp

o Relative path #X}#4 of Autumn.bmp

e Related to the current directory 47 H 3%,
i.e., working directory TAFHx

® ./Autumn.bmp if the working directory is /cs101/Prj2/

® ../Prj2/Autumn.bmp if the working directory is /cs101/Prj2/

e Home directory #t4 H%

¥ HxR/cs101/
>pwd
/cs101/
>cd Prj2
/ >
math101/ physics101/
Prjl/ Prj2/ Prj3/ Prj4/
hide-0.go ﬁt.txt ucas.bmp doctoredUCAS.bmp

Richard Karp.txt ~ Autumn.bmp  doctoredAutumn.bmp

e The default directory when log in. Assume /cs101 is the home directory
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Hide text in a picture

e Write a program hide-0.go

e to hide the text of Shakespeare's Hamlet

e in a picture file Autumn.bmp

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 After careless hiding

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

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

ACT ISCENE | Elsinore. A platform before the castle.

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]

] /7 H0X0A




4.2 B3R5 e

e A file is a group of bits and may be structured
R —HLR, FTRRRFESEMN

ToEEHFF: F(500) = 1394 2322 4561 6978 8013 9724 3828 7040 7283
9500 7025 6587 6973 0726 4108 9629 4832 5571 6228 6329 0691 5576
5887 6222 5212 94125

o HZHHF: Data and metadata of file Autumn.bmp

Data: bits of the actual picture (Pixel Array)
Metadata Je %47 : data about the picture data C44% 0

BMP format in the file: File Header, Info Header 1
Other data associated with the file

13
14
15
53
54

55
56

Addresses 0~53 hold
metadata

The pixel array for
actual image data
starts at address 54

BMP File Header

BMP Info Header

Pixel Array

Autumn.bmp The extension (¥ £44) bmp says it's a bit map image file
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Other types of metadata

e Can be seen by running “Is -I Autumn.bmp”

Is -| Autumn.bmp, &ML, A& K5I
> -rw-rw-rw- 1 zxu zxu 9144630 Jul 22 2020 Autumn.bmp

e The file name, the file size, the time of creation (last modification)
o Access permissions =25 =R

e Rights to read, write, and execute a file by the owner of the file, by the group the owner
belonging to, and by other users

e Example of access permissions

loutil. WriteFile("./doctoredAutumn.bmp”, p, 0666)
Every user can read

and write, but cannot Owner Group Others
execute r |w| e r |wle|rr |w]|e
® -I'W-IW-rw- 1 1| - 1 1 -1 1]1] -
e 0666 = 0110110110 0666: HA#H AR o 4l fMAWE. 15, R

X — N S, AR SO
0700~ AR ?
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b

4.3 qAfAT 3T H

o FHHUIAIEIIME R NAE, HT e
o JEBEHERAETT (g A B A P X 3T A P
X 35 1) 2 P
o e fidElIgile?
o BFFVIR (byte slice)
o (HHGOIE T TRt I R 4L

e p, :=ioutil.ReadFile("./Autumn.bmp")

o K471 H F i Autumn.bmp B S N 1E
(ISP ke

o MHFWNBMEIENAE, A 591446301
TCR A, BN R pHIJREEA

p| &

9144630

ey

MRKE

13
14
15

53

54
55
56
{ 85
86

87
88
89
90
91

92
93

9144629

BMP FILE
HEADER

BMP INFO
HEADER

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

10th Pixel-G
01111011
10111011
01011010
10100111

Pixel Array
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How Is the image of Autumn.bmp
stored in Pixel Array?

e Pixel = Picture Element

e Pixel Array holds the pixels of the image,
starting from the low-left corner going right,
and then up,
row by row

e Each pixel has three bytes for

e Color depth values of RGB, i.e.,
the primary colors of red, green, blue

e BGRvalues = (0, 0, 0) - Black
e BGR values = (255, 255, 255) - White =|
e BGRvalues = (0, 0, 255) - Red
e BGR values = (0, 255, 0) = Green
e BGR values = (255, 0, 0) = Blue

e The first pixel is the Oth element of Pixel Array

e Uses addresses 54, 55, and 56 to store its three BGR
color depth values

9144629

BMP FILE
HEADER

BMP INFO
HEADER

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

10th Pixel-G
01111011
10111011
01011010
10100111

Pixel Array
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4.4 GnfAIE B R 3

4

1R AE )

=

o HATEE B F S Autumn.bmp g S A S04
hamlet.txt[f] & /&

e p, :=ioutil.ReadFile("./Autumn.bmp")
to read the image file into byte slice p

e Recall that a function can return
multiple values

This function returns two
values, the second of which is
not needed by this code

Use a placeholder symbol * '’
Also called the blank identifier

PO

13
14
15

53
54
55
56
85
86
87
88
89
90
91
92
93

Autumn /o
Origin

3 p
BMP/FILE
HEADER

MP INFO
HEADER

Ix

h Pixel-B
th Pixel-G
Oth Pixel-R

10th Pixel-G
01111011
10111011
01011010
10100111

Pixel Array
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How to hide the length of a text file In
a picture?

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

to read the text file into byte slice t
Length len(t) is a 64-bit integer

Autumn.bmp

e Hide every 2 bits in a byte of p Originalp
« Need 32 bytes 1|  BUPFILE
o S=54,T=32 1431
modify(len(t), p[S:S+T], T) e— o BMP INFO
. . HEADER
to hide len(t) in p[54:86] 53
o4 eth Pixel-B
55 Oth PixeTer
56 Oth Pixel-R
85 10th Pixel-G
86 01111011
87 10111011
88 01011010
89 10100111
90
91
92 Pixel Array
93

13
15

53
54
55
56
85
86

88
89

91
92
93

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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How to hide the length of a text file
In a picture?

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

to read the text file into byte slice t

e Length len(t) is a 64-bit integer
e Hide every 2 bits in a byte of p
e Need 32 bytes
o S=54T=32
e modify(len(t), p[S:S+T], T)
to hide len(t) in p[54.86]

func modify(txt int, pix [Joyte, size int) {
fori:=0;i<size; i++{
replace last 2 bits of pix]i]
with the last 2 bits of txt

repeat with the next 2 bits of txt

13
14
15

53
54
55
56

85
87

88
89

91
92
93

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

13
15

53
54
55
56
85
86

88
89

91
92
93

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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How to hide the contents of a text file

In a picture?

p, _:=ioutil.ReadFile("./Autumn.bmp")
to read the image file into byte slice p

t, _ :=ioutil. ReadFile("./hamlet.txt")
to read the text file into byte slice t

t[0] holds the 1st character ‘H =72

modify(int(t[0]), p[S+T:S+T+C], C)
where

e t[0]is ‘H’ =72 = 01001000

o S=54,T=32Cis4

o p[S+T:S+T+C] is p[86:90]

Original p[86:90] Modified p[86:90]

86| 01111011 01111000
87| 10111011 :> 10111010
88| 01011010 01011000
89| 10100111 10100101

13
14
15

53
54
55
56

85
87

88
89

91
92
93

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

13
15

53
54
55
56
85
86

88
89

91
92
93

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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How to hide the contents of a text file
In a picture?

e p, :=ioutil.ReadFile("./Autumn.bmp")
to read the image file into byte slice p
e t, :=ioutil.ReadFile("./namlet.txt")
to read the text file into byte slice t
® ﬁﬂ%ﬂﬁ%%/@ E%ﬁt[l], | = O~Ien(t) Autumn.bmp doctoredAutumn.bmp
Original p Modified p
for i:=0; i<len(t); i++{ g BMP FILE ; BMP FILE
._ HEADER HEADER
offset := @ @ ) i 3
modify(int(t[i]),/p[offset:.offset+C], C) 14 T
15 BMP INFO BMP INFO
} HEADER HEADER
T EPIIAN T . XA S E 55 Oth Pixel-G 55 | Hide 2 bits of len(t)
ARE0. 1. 2. 3. %Oﬁ\lﬁﬁiﬁhﬁ 56 Oth Pixel-R 56 | Hide 2 bits of len(t)
modify(int(t[0]), p[86:90], 4), &k 85 10th Pixel-G 85 | Hide 2 bits of len(t)
P[86], P[87]. P[8s]. P[89] 57| Soition a7|  loiiioio
88 01011010 88 01011000
89 10100111 89 10100101
SE+ 2 5] A+ R o @
92 Pixel Array 92 Ixel Array
o [HIMZSZFFEIA I EIE+R 5|+ &= 03 9

FUERLE
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How to hide the contents of a text
file In a picture?

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

to read the text file into byte slice t
e To hide all t[i], 1 = O to len(t)

for i:=0; i<len(t); i++{
offset := S+T+(i*4)
modify(int(t[i]), p[offset.offset+C], C)
}
e Each iteration hides t[i] in
P[S+T+(i*4):S+T+(i*4)+C]
e WhereS=54,T=32,C=4
e Thatis, t[i] is hidden in
p[86+(i*4)], p[86+(i*4)+1],
p[86+(i*4)+2], p[86+(i*4)+3]
e E.g.,t[1]='A’, is hidden in p[90:94]

13
14
15

53
54
55
56

85
87

88
89

91
92
93

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

13
15

53
54
55
56
85
86

88
89

91
92
93

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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Check results

e Write the complete hide-0.go

e Execute and display result
> go run hide-0.go
> display doctoredAutumn.bmp

Original Autumn.bmp

e The Text Hider project
e Produce hide.go with good coding practices
e Also need to write show.go

doctoredAutumn.bmp
Modifying rightmost 2 bits

e Change hide-0.go to hide-1.go

e by modifying the most significant 2 bits (the rightmost 2
bits) of each byte of Pixel Array

> go run hide-1.go
> display doctoredAutumn.bmp

doctoredAutumn.bmp
Modifying leftmost 2 bits 104
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