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FF&#: Introduction

BICHEAOBA— I DR E?:

Do we need more powerful automata?

o PDA Tld. {a"b"c"|n € N} ZRIBTE L)
o XA WU DEIKIN 5: Based on the restriction of stack
o ZODNRARAYVIRSIFTEE — BRHICHAZITEFBR XML
[E%F: Two stacks enable to handle. However, they are
equivalent to a list that can be read and written freely

o HHICRAEZEZITES IXEV1 ZEFTILL: How to model a
“memory” that can be read and written freely
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FF&#: Introduction

Church-Turing thesis

o STHTZT BRI, : A function is computable if
o TORMZFET D Turing ¥ U HMFTE: there is a Turing

machine that computes the function
o 7LV XLDTFETE: there is an algorithm

o FISMIFN SN TULVELY: No exception is known
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FF&#: Introduction

Alan Turing (1912 — 1954)

o 1) AMEFE: British mathematician
o F2RMAKEPIC, BESHEFICHE: Engaged in code
breaking during World War Il
o Manchester Mark | & £ DFAFEICTESE: Engaged in the
development of Manchester Mark | and others

o Turing Test: ATHIgE& A%Z RT3 Distinguish between
artificial intelligence and humans

o HIREMECIERIGICHED: Interested in mathematical

biology and chemical reactions
o Turing pattern, etc.

o =7 —>3> « 4 —L1 : “The Imitation Game”
https://www.britannica.com/biography/Alan-Turing
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Turing ¥ >: Turing Machine

Turing machine

o RAEZT TETBILAICERRKRDT—: Infinite tape on left and
right that can be read and written

o $IF. FOAMEICIXFEmBEVWVTULWAEWVWI L EZRTEES: $

represents that nothing is written outside

o T—IAY RIIERAICEIK CEHTFS: The tape head can

move left and right

[$]a0jai]ast--an|$| EAHICERICRWT—7
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Turing ¥ >: Turing Machine

W= <Q,F32757 QO7$7F>

Q: NEPIREEDBIREER: Finite set of internal states
I 7—7LE®D7IL7 7~y k: Alphabet on the tape
YCI': AAAZILT 7R k: Input alphabet
§:QxI'—»QxTI x{L,R}
o XFEFRATIBFRICNF%Z LEF: Overwrite a character at the
current location
o {L,R}: T—=TF Ay FOEBEANDIEEN: Move the tape head left
or right
Qo € Q: FIHAIKEE: Initial state
$el\X: EZDOMAICIKABBIVWTULWEWLWC L ZRTES: §
represents that nothing is written outside
o F CQ: FIBIRREDMESR" Set of accepting states
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Turing ¥ >: Turing Machine

B 2.1: L ={a"b"c"In € N}

Q = {QO7 q1, 42,43, 44, g5, Q6}

F={g}
F = {a7 b7 C’ X’ y7 Z7 $}
Y. ={a,b,c}
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Turing ¥ >: Turing Machine

a/a,L y/y,L qo0 > g4
b/b,L z/z,L

b/ bzz 3&/ VR
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Turing ¥ >: Turing Machine

Z1E: Motion of the Turing Machine

goaabbcc - xgiabbcc F xagybbcc

CC_&EXTT. av bs
CE—DDDXe Yu
ZICEEHZ
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F xaygsbcc F xaybgscc
F xaygsbzc F xaqsybzc

F xqszaybzc F g3xaybzc
é_c D. a. b. ¢ %

F xqpaybzc
X\ y\ Z ‘k— %?ﬁx_

F - B xgsxyyzz
F xxqoyyzz F xxyqsyzz
F xxyyqszz F xxyyzqsz
F xxyyzzqs - xxyyzzqs
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Turing ¥ >: Turing Machine

F{ERB: Failure

goaabbc - xg;abbc F xag;bbc
F xaygobc = xaybgoc
F xayqsbz F xaqzybz
= xqsaybz - gsxaybz
F xqoaybz F xxq,ybz
F xxyqi1bz F xxyyqsz
= xxyyzgs b xxyyzqe
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Turing ¥ >: Turing Machine

ANDZIEE R IR

Function to indicate acceptance of input

o AN=EZELIS, T—TRIGICREZRIBFHALGNFZET
IAL: Write a special character at the end of the tape to indicate
acceptance

o ANZRIEBLAD S5, T—THIRICKMZERTIFHREXF
ZE ZFIAL: Write a special character at the end of the tape to
indicate failure

o ANZHEL. ERZE RIS L 7 Turing ¥ >
Turing machine calculating a function that returns True or False
for input
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Turing ¥ >: Turing Machine

Turing Machine E NAND ' — bk a A'D

TM A T5HE1 TE 3 Z ¥: Turing machine can “compute”
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Turing ¥ >: Turing Machine

Z{E: Operation

qs00 = 0gp0 = 00g2 = 001gp
qs01 = 0gpl - 01ge - 011gp
qs10 F 1¢,0 F 10ge - 101gp
gsll - 1g;1+ 11g3 - 110gp

3 ol Rl Nl S
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Turing ¥ >: Turing Machine

Turing Machine € NAND %' — b (a A'b) A ¢
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Turing ¥ >: Turing Machine

Z{E: Operation

qs000 F 0go00 F 00g20 F 000¢g5 = 0001¢gp
qs001 = 0go01 F 00g21 F 001g4 - 0010gR
qs010 F 0go10 F 01¢o1 F 010g5 - 0101¢gg
gs011 F 0gol1 F 01gal F 011gy - 0110gs
qs100 = 1¢100 F 10g20 - 100g5 - 1001gg
qs101 F 1¢;01 - 10g21 F 101g4 F 1010¢gg
gs110 F 1110 F 1130 - 110g5 F 1101¢p
gs111 F 111 F 11gs1 - 111¢s - 1111¢gp
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BIHBIESLE: Phase Structure Grammars

A)FBIEXE: Phase Structure Grammars

o Turing ¥ VX IGY B3E: Grammar corresponding to
Turing machine

o “ERKRAI: Productions
P:(NUX)'N(NUX)" - (NUXD)®

o XARMKTE: context-dependent
o N N ZMATIL N £71E X DF: LHS is a sequence of N
or X that must contain NV
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BIHBIESLE: Phase Structure Grammars

B 3.1: L ={a"b"c"|n € N}

N ={S,A,B,C,D}

¥ ={a,b,c}
S — aAD, A — aAbB, A—C,
Bb — bB, Cb — bC, BD — Dc, CD — bc
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BIHBIESLE: Phase Structure Grammars

B Derivation example

S = aAD = aC'D = abc
S = aAD = aaAbBD = aaCbBD = aaCbDc
= aabC'Dc = aabbcc
S = aAD = aaAbBD = aaaAbBbBD
= aaaCbBbBD = aaabC'BbBD
= aaabCbBBD = aaabbC'BBD
= aaabb(C'BDc = aaabbC Dcc = aaabbbccc
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5lJ%: Enumeration

IEORBHRZINET B:

Enumerate positive rational numbers

o ETHNEEBMICELZBMABEZXNRIITEZ_ENTES:
Different natural numbers can be associated with all rational
numbers

eneumerate rational numbers
12

10 A
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5lJ%: Enumeration

HIBIIFETET RN

Irrational numbers cannot be enumerated

o x€[0,1) DHUFETE B LIRE: Assume that z € [0,1) can be
enumerated

1 < 0.ana12a13a14 - - -
2 <> 0.a21a22a23024 + -
3« 0.&31&32&33&34 v

4 < 0.0441042043044 - - -
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5lJ%: Enumeration

QY= O.blb2b3b4 cee (bz 7& au‘) (35']? LTC U A l‘ ‘:E intﬁ‘/\ y
is not included in the enumerated list
o FIETEZHHSIE. ERBVXMIZEENTLS: If irrational

numbers can be enumerated, y is included in the list

o FIETEFBLWSIRELFIE: Contradiction with the

assumption that irrational numbers can be enumerated
o WAMRERE (diagonal method)
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5lJ%: Enumeration

Godel numbering

o Turing ¥ > %559 %: Enumerate Turing machines
o ZILT 7Ry b, REZEBHERBITIT: Mapping alphabet
and states to integers
o EMRRIMIK. BHH SBHMADEMR: Transition function is a

mapping from integers to integers
o M = <Q7{071}7F3275QI7$7F>

o Q:{QLQQ,”'}
o I'={zy,29,- -}
o D={L,R} ={D1, Do}

® 0(qi, ;) = (@, T, D) WXL T

0°10710%1010™
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5lJ%: Enumeration

J8E Turing ¥ < >: Universal Turing Machine

o EE®D Turing ¥ > DIMMEZIREM T D 5EE Turing ¥ U HiTE
£ TE %: There is a universal Turing machine that mimics the
operation of any Turing machine

o Turing ¥ VIEFF51LTE %: Turing machine can be encoded
o FEE Turing ¥ id. FEILENT Turing YTV EEDAN
ZRITED. TOEEZIEMT S Universal Turing machine
takes an encoded Turing machine and its input and mimics its

operation
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{£1ERIRE - JRERIE: Halting and Decision Problem

Turing ¥ > > D{SLERIRE: Halting Problem

o WIMEIET BH'7: Does the Turing machine always stop?
°o BEXIEHBDIC. FHETERXZRDHSNAZVEEDEFE:

Problems for which the answer exists but cannot be obtained by
calculation
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{21ERIRE - JRERIE: Halting and Decision Problem

JRIEMIRE: decision problem

o MER: B X H true/false DWVWTNHTIH DEAEN: Predicate is a
function that is either true or false
o Bl:x? +4? = 22 ZH/IITBABDME (2,1, 2) IFTFEET ZH:
Does there exist a set of natural numbers (x,y, z) that satisfy
22 4P = 227
o (z,y,z) |3FIEEBIEE: (x,vy,2) can be enumerated
o 22+ 1y? =22 ICRA L. FEHHILT BIBEIC. true ZIRL T,
{21k Substitute into 22 + y? = 22 and return true and stop if
the equality holds
o Example (z,y,2) = (3,4,5)
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{£1ERIRE - JRERIE: Halting and Decision Problem

{=1ERIRE: Halting Problem

o Turing ¥ MICHLT. ADwZz523ELETEH?:

Does a Turing machine M stop for given input w?
f o (M,w) — {true, false}

o Turing ¥ > DIELLRREIZREAREE: The halting problem of
Turing machines is undecidable

o true/false ZRE TEF % L): Cannot determine true/false
o false LIEIELABWVWI &IFES C IZER: Note that false and
not stopping are different
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{£1ERIRE - JRERIE: Halting and Decision Problem

o Turing ¥V EEDANIIFIETE S: pairs of Turing

machines and their inputs are enumerable

T MiE AR L TRLE
Y100 Midde ARz cx L TEEL AL

o ZILRIEEEL Turing I > M B 1EET B LIRE: Assume
that there is a Turing machine M that solves the halting problem
° (Mdax)
o fZLE (stop):a;; =0
o fELEL %L (not stop):a; =1
o M PMEIEEHIBTTE S: M can determine whether M, stops or
not

prCIE eIy 28/30



{£1ERIRE - JRERIE: Halting and Decision Problem

o M, BIEH. FUEL T M, OWTNhH: M, itself is one of the
enumerated M;
o Md % Mj t?% Let Md = Mj
o aj; = 1 BB M; I3MBLETZH. M ELELBEWVWI LIS
%%: If aj; =1, M; stops, but M, does not stop
0 aj; = 0@BIE. M; IJMELEET. M, I3ELETBIZHS: If
a;j; = 0, M; does not stop, but M, stops
o FET BT, MIFFETIAL: Contradiction! M cannot
exist
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{21ERIRE - JRERIE: Halting and Decision Problem

(FIEREDREREE 13

Halting problem is undecidable

o {SIERIZE: Halting problem
o f(w) DEZRET B: Determine the value of f(w)
o ZIERIREDREARHE: Halting problem is undecidable
o MEE f(w) DEMBRZHETIHWZEDDHS: There are cases
where the truth of the predicate f(w) cannot be determined
o ELLBEINIREE f(w) 3. ENMBOWVWTNDTH S, : A
properly set predicate f(w) is either true or false.
o LHL. HIETETRWEEHHS: However, there are cases
where it cannot be determined
o HEDL S LHELHRIBERICH > TH, FEICK > TEAT
FRVIREDTEELIES: Even in a rigorous logical system like
mathematics, there may be propositions that cannot be proven
by calculation
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