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EX 2.9.1 (Peano ~H). HRET) Peano AFEA T JL4:
1. 0 & B
2. W n &ARE, WEKE4E Sn 2 ARE
3. 0 ANEAEAT B SR )i 4%
4. BN BARBORSE Y BACS SN 5 4R AH 5,
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— _EBTIEHE E’]H/ﬁ

3. HFFAME

(2) BRI (well-ordering principle): BARNENTEIET
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(3) E—RAFVANE

EIE 2.9.1 (B —HEEHG: (The First Mathematical Induction)). # P(n) &1 HRET
— AN, AR

1. P(0) J%or;
2. ML AVREL n, W P(n) WAL, W) P(n + 1) WAL,

W2, P(n) X AT HRE n KL,

X T ERNSFHMFI. ..
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3. XA
(4) B EREPIRE

EIR 2.9.2 (O HEEAN: (The Second Mathematical Induction)). ¥ Q(n) A GT FIIR%EL
() —ANPE . R

1. Q(0) B&AL;

2. AT FARE n, W Q(0),Q(1),..., Q(n) #RLAL,
W Q(n+ 1) KA.

M2, Q(n) XHTAT HAREL n #REKAL.

Q(0) ¥n € N. ((Q(O) A A Q) = Qn + 1))
Vn € N. Q(n)

(S 2 HANE)

(Q(O) AVn € N. ((Q(O) A AQ(n)) — Q(n+ 1))) —Vn e N. Q(n).
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KEEMIETEER “ERRma”
31B8 1.1.1. 45 ML AANEEL A B AN

WERA . ELIEE IRECH AN, AR — ANl F L AL F(Y) X (F(L)AF(2)A---AF(n)) =
F(n+1), WH Vk € NF(k) . B4, TAITLIERTS G(n) := F(1) AF(2)A--- A F(n)
. B, Gn) = Fn+1), X5 G(n) = Gn), WM Gn) = (Fn+1)AGn)) , Ma#H
I Gn+1) . ¥, d0dl G st —RECAHNERI S5, bl VE € N . G(k) AL 1M
Gk)= F(k), ¥ VkeN. F(k), WRIZE —S8HF A9 1T ]

|38 1.1.2. 5F B IHaN AR &S — B A gk,

IEBA. SRS RECEIAGNE, WRMES A F o, e F(1) & F(n) —» F(n+1) , W
H VEeN. F(k). B, F Zes SRECERNEREIER (R0 1 4&PELE 2 55), #iR
o RBUAADNE, F(k) XA IERE b Bor, RIS —SREU A AR kAL, ]

4

10



—. —EUEB AN A A
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Blue Eyes:

The Hardest Logic Puzzle in the World
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ja)#k 2.9.4. Of the 1000 islanders, it turns out that 100 of them have blue eyes and 900

of them have brown eyes, although the islanders are not initially aware of these statistics

(each of them can of course only see 999 of the 1000 tribespeople).

One day, a blue-eyed foreigner visits to the island and wins the complete trust of the
tribe.

One evening, he addresses the entire tribe to thank them for their hospitality.

However, not knowing the customs, the foreigner makes the mistake of mentioning eye
color in his address, remarking “how unusual it is to see another blue-eyed person like

myself in this region of the world”.
What effect, if anything, does this fauz pas (%6%L) have on the tribe?

FRIZIX T BUSHIAEF SR ZEIRIE. .
BT AZBBEARBERE?

12




— _]H:'IIEHE E’Jjj_li

5{ El ?W JYAY

EI2 2.9.3. Suppose that the tribe had n > 0 blue-eyed people.
Then n days after the traveller’s address, all n blue-eyed people commit suicide.

WEH. R R I HCE A a8

o JEHHCER: n = 1.
IXANE—REEARA MO E: “RERESIR S IER”

o HMEE: 17 n NEIRAR, 1T n— 1 REANAR, B n KEAEAR.

o HHIWER: FHIBWHAT n+ 1 DNRIRARIN .
A ERAM I HER: R T n NEIRAN, MAINAZER n KUK R K.
(HE, FEANEIR AMZESSILE n AR A%, R, 3 n KEA AR,
MR A LR AEHER: —EALE n ANEEIR A, 1H IR 3 (F) 2 AN A & AR,
B, “NHBRRES”.
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1. PythonZE —2z3

A T AR z3 /& K g — 12U,

https://shzaiz.qgithub.io/lecture/PythonPSolve/
code/1-sd-py.html

X[i][j] == dinstance[i][j]) C
for i 1in range(9) for j in range(9) ]

..: s = Solver() # (1)
..: s.add(sudoku_c + dinstance_c) # (2)
..: 1f s.check() == sat: # (3)
c.t m = s.model() # (4)
c.t r = [ [ m.evaluate(X[i]J[j]) for j 1in range(9) ] # (5)
ct for i 1in range(9) ]
c.t print_matrix(r) # (6)
... else:
c.t print("failed to solve") # (7)

[[5, 3’ 4’ 6’ 7’ 8’ 9’ l’ 2],

[6’ 7, 2’ 1’ 9, 5’ 3’ 4) 8]’

[l’ 9’ 8’ 3’ 4’ 2’ 5’ 6’ 7]’

[8, 5’ 9’ 7’ 6’ l’ 4, 2’ 3]’

[4, 2’ 6’ 8’ 5’ 3’ 7’ 9’ l],

(v, 1, 3, 9, 2, 4, 8, 5, 6],

[9, 6’ l’ 5’ 3’ 7’ 2) 8’ 4]’

[2’ 8’ 7’ 4’ l, 9’ 6’ 3’ 5]’

[3, 4’ 5’ 2’ 8’ 6’ l’ 7’ 9]]

In [2]: [] 14


https://shzaiz.github.io/lecture/PythonPSolve/code/1-sd-py.html
https://shzaiz.github.io/lecture/PythonPSolve/code/1-sd-py.html

HCodingE{T AKX FR?
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In the early 1960s one of the American spaceships in the Mariner series sent to
Venus was lost forever at a cost of millions of dollars, due to a mistake in a flight
control computer program.

In 1981 one of the television stations covering provincial elections in Quebec,
Canada, was led by its erroneous computer programs into believing that a small
party, originally thought to have no chance at all, was actually leading. This
information, and the consequent responses of commentators, were passed on to
millions of viewers.

In a series of incidents between 1985 and 1987, several patients received massive
radiation overdoses from Therac-25 radiation-therapy systems; three of them
died from resulting complications. The hardware safety interlocks from previous
models had been replaced by software safety checks, but all these incidents
involved programming mistakes.

Some years ago, a Danish lady received, around her 107th birthday, a computer-
1zed letter from the local school authorities with instructions as to the registration
procedure for first grade in elementary school. It turned out that only two digits

were allotted for the “age” field in the database.
17
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1. —LERIRZEH4
(1) b= %5+
Bl E—mittFPEMRAAFASEN R EERTE
o EH—IKfK
o ZH—IRZE T THRENNE
e HIREXE B ENRSB
o HX/Th

MRBANNNLEE—f, EEIFZ00E?

18



=. EFHNEREGH

1. —EEREM

(2) BG4

D FRFHREE

HlE=: 511010

o ITHIFEML: BRIFORE T 1L

@ YT BRI EMEE: BIAARLE

EIE 2.10.1 (UEBHIESAAER X IEATTE). (1) Initialization. It is true prior to the first itera-

tion of the loop.

(2) Maintenance. If it is true before an iteration of the loop, it remains true before next

iteration.
(3) Termination. The loop terminates, and when it terminates, the invariant — usually

along with the reason that the loop terminated—gives us a usetul property that helps show that

the algorithm is correct.

19
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1, —LEE $%ﬂ

3) G — X—EoMIZEERKXRT

2. NGB E AT

o FHE

o B E
FOR LOOP 1 FOR LOOP 1
D LOOP FOR LOOP 2
FOR LOOP2 6 LooP
END LOOP

END LOOP

2
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2. BAGMNASHH

[E)&2 2.10.4. H] EHIRgdER) (rTLLEd i ) RS SIRE, S el i in)
(1) fN\: KEEN n B HAREUFS S (R A EEILR).
(2) fth: P4 S, Hotz s S 584, (HE MM BIRHLS Fr.

—_——_———— e —— e —— e

| |
| v |
| n |
| A SUISli+1] 7 >— |
| |
| ) |
| Iy |
| |
| |
| |
| |
| |
| |
| |
| |

Jegtl A e S|j) Fl

Stitt

Known as Bubble sort
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REGMNHEHSH IV

R i (R IFUAT, 1 S R ¢ AR (B i = 0 4h, B S[n— 4] % Sn — 1))
e S HRRT i AMEKITEE, HEMNBICHEE; FEAlh e g LT Rl S hIE n—i
ANTEE.

FEHRIE LT = A 7040

e M i=0, WA,

o WM i =k >0 W Edlar@kar, B k fE¥HIFEET, S T EKM k& ANIcE S B 2
Sln—k| 2] S[n—1] ; 7& k 554, $5%F 7 MACE 0 HERRIME n— k — 1, FPRIERIAN
RATCEREHRE] Sn—k—1]. WY i=k+1K,S P KM k+ 1 DR, A
£ S[n— (k+1)] 2| S[n—1];

o Y i=n, FIEZIL, Bl n 53 CRPAT) #1, n A S PO EAL P, HBCESE S[0] £
Sln — 1] WALE L.
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3. FU%E — UEMR: MTF—18FH “money” BRI TEUTEN

¥ Z= “money” —id

/

B RAFEERIC

RENRAE, sIfEfRZE—=
1Y, BrEER fEh—R157?
o« —INEN
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3. FidfE —

imitialize
coumter amnd
poander

TSR 3=

- /V
”
g 4 check next
¢ | few symbaols
’ k
l' \\_

Loand
“money’”

L3

acdvamce pointer

{incladang check
w end of exit)

. . -
. YES
~
.
Y
Y
-~
.
-~
-~
-
-
-~
o check next
P few symbols
¢
;
¢
'
B
i
f !
[
A
AN
. —
" YES
Y
\,
~
-
-~
~

1DCTO&RSe

" for emd of text)

INSITDE ~
TEXT ~

advance poanter
(including check

T
END OF TEXT |

outputl coumlor

-/

coumnber

¥Z “mone

1R FERARIC
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-— M) Fep

‘money” B9

woutine
search-for X

/ INSIDE "
: check next TEXT S
K Iew symbods
Naa P e Y
1 P 3
|

4 dvance poiner
~NO ) (including check
\ for end of wxt)

, P P

Il- NDOETEXT

vulpul counies I

e '

stop

A

Subroutine

Bt

mmitialize
counter and

t\viuh.l

wall
search for “moncy”™

\/ l
¥
I\
/ )
call
sealhefm ©

INCrease

coumlcer

Main algorithm
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“YRAN7IX ML k-1Z2ALRY, FIXEER EXN KT ERIL

i .
NRBANE T, FALUARN (BARAZTERIEER”) IEEN
INFEEENB ARG ICE AL,
el

1Ex§ZI] BN BEB B AR NK-189[a) @“STHI”, FFhid
BN 25 SRR Rz 0] RAIAR 79 kY “ SE 451
9[%@21& 17, FMiAIBAOAAR (BAMLEFELS 1 “base case”H
fRR) FahE 7 X (o)l
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B3 — BB B S EtE
{5l %: Tower of Hanoi — EBEINEEAHITEY?

- -
.-'E '
- )
,f:_ b ____'3%
— > >
A 8 O

subroutine move & from X to ¥ using £

(1) 1if N 1s 1 then output “move X to ¥

(2) otherwise (1.e. if N 15 greater than 1) do the following:
(2.1} call move N — | from X to £ using }’;
(2.2) output “move X to I
(2.3) call move N — | from Z to ¥ using X

(3) return.
M2V AMEA RN XER/4T
S

28
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33 — BB CNFITFE
{5 %: Tower of Hanoi

4.

3N B ARITRY?

Figure 2.8 (

)

| f_,-m WEEQJ

structured rurj of the %7‘21;
recursive solution to  |move 3 from A to B
the Towers ofjHanoi. ) using C K
— - - ~
!'/- \\
': |
T N /
\" move 2 from A to C | Tha A— B + move 2 from C to B!
S<' using B . : .- using A >Z
' N ™
|
| '| l’l I
‘ /N 1'
move | from A to B |~ o & |move | from Zto Cf  |move | from € to A} c— g la|move | from A to 5]/
'I using ¢ \ — .'.] using A h: ”.f using 5 k i 4 using C T

I
A—RB A

L

|

I
k

C

\

X

=1
E

HEX" NATERE!
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FRIERFMSFM

: 2N EA— T EIEFT AU ERY

algorithmic problem P;
algorithm A

Y

“NO: algorithm A
is not correct with
respect to P.

“YES: algorithm A
1s correct with
respect to P”

(the errors are: ...)"

HNRIENMFEF ARZE
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One of the 1ssues relevant to both synthesis and equivalence proofs 1s that of pro-
gram transformations, in which parts of an algorithm or program are transformed
in ways that preserve equivalence. For example, we might be interested in such trans-
formations in order to make an algorithm comply with the rules of some program-
ming language (for example, replacing recursion by iteration when the language
does not allow recursion) or for efficiency purposes, as illustrated in Chapter 6.

Research 1n the fields of correctness and logics of algorithms blends nicely with
research on the semantics of programming languages. It 1s impossible to prove
anything about a program without a rigorous and unambiguous meaning for that
program. The more complex the languages we use, the more difficult it is to
provide them with semantics, and the more difficult it 1s to devise methods of
proof and to investigate them using algorithmic logics. This 1s another reason why
functional languages are more amenable to proofs of correctness than imperative
languages. -
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