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8. Turing Machine (1)

8.1. Unsolvable Problems for Computer
8.2. Turing machine

8.3. Programming Techniques for TM
8.4. Extension of basic TM

8.5. Restricted TM

8.6. Turing machine and real computer

2132



8.2. Turing #M &1

8.2.1. Fa U‘/J“#ﬂ%#ﬁ—:v‘-“)b
ISEBA 1 ElF AT Dy ? TET R 1 &1 faT by 2 1937~

— DU—RDIFNEIREE
— Fa—1)>% ® Turing Machine E7JL
— (GOdelDATLEMTERE) .. StENDIEG

IRARRIBE S =TM Tt E CTZ 5B

Church (IRIE S+ & AL/ A% B -




8.2. Turing Machine

8.2.1. Turing machine model imk
What is ‘a proof’? What is ‘a computation’?: 193?~

— Kleene: ‘recursive function’

— Turing: Turing machine model

— (Godel: Incompleteness theorems) - - - Computational
Complexity

Recursive function = Function computable by TM

Church’s Thesis: Computable function ‘
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8.2. Turing Machine

8.2.1. Turing machine model

Finite Control:
has finite states.
Tape:
Infinitely long to both sides
B |- Input date is on the tape,
and Blank is filled on
Blank Input Data the other cells.

Gear: moves the tape 1 cell to left/right
Head: reads/write a character on the cell.
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8.2. Turing Machine

8.2.1. Turing machine model

[Computation Process]

1. Read the letter X on the tape
2. According to the state q and
letter X,

1. change the state

» Bl 2. replace X

3. move the head 1 cell to
Initial: left or right

« Finite control is initial state 3. Halt if “accepting state” or
 Input word is on the tape go to step 1.
« Head is on X;, the first letter of input.

Input data
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8.2. Turing Machine

8.2.1. Turing machine model

Comparing to...
» Automaton:
e Input data is just read.

X[ Xy[B - e Head only moves to right.
~ ~ » PDA:
Input data e Automaton—+

e We can make a stack on the
left side.
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8.2. Turing Bt & (%
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8.2. Turing Machine

8.2.2. Notations for a TM B IX [ X [X[B -
Turing Machine (TM) is defined by a 7-tuple:
M:(Q1 Z, r, 6,q0, B,F)

e Q:set of states

e 2 :inputalphabets

[ : alphabets on the tape (hence 2 C ')
0 : transition function (described later)
do: initial state (hence q,€Q)

B: Blank. BE ([ — 2 ). We assume that all cells on the tape are
filled by B except finite cells.

F: accepting state (hence FEQ)
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8.2. Turing Machine

8.2.2. Notations for a TM B IX [ X [X[B -

Transition function 0 of a Turing Machine (TM):
Input: Q X [ «—— Letter X read by the head

current state p Direction to move the head (Left,Right)

Output: /Q X F\x {L.R} §:Q0x T —-Qx I x{LR}
Next stateq Xisreplaced by Y
Deterministic: 0 is always determined uniquely

Nondeterministic: O can have several values
AN S QX [ —2Qx T x{LR}
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8.2. Turing Machine

B XX X

8.2.3. Instantaneous Description (ID) of a TM
The ID of a TM needs the following information:
—  state
— content of the tape
— position of the head

ID of a TM M: X X5... X, 19XiXi,q-.. X,
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8.2. Turing Machine

B XX [X,[B
8.2.3. Instantaneous Description (ID) of a TM
ID of a TM M: X X,... X 1gXiXiiq... X,
—  Write B if it Is necessary
qBX;... X,
Transitions (computations) of a TM M: STXITX

1 step is described by +,
0 or more steps are described by " as PDA.

Move the head to
right after replacing

Diagram for TM
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8.2. Turing Machine

8.2.3. Instantaneous Description (ID) of a TM
EX)L={wwR|w e {0,1}*}

Idea: If leftmost and rightmost letters are the same, replace
them by B. Accept if all letters become B.
1. Accept if the first letter is B

2. If the first letter is 0/1,
@ store the letter by the state
replace the letter by B
move to the leftmost
replace the leftmost letter by B if it is the same
move to the rightmost
go to step 1.

@0®®E
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EX)L={wwR|w € {0,1}*}

Idea: If leftmost and rightmost letters are the same,
replace them by B. Accept if all letters become B.

1. Accept if the first letter is B (q,,0.,)

2. If the first letter is 0/1,

@0 ®OdC

store the letter by the state |
- (9,0,)

replace the letter by B )
move to the leftmost |
replace the leftmost letter | (%) ‘.
by B if it is the same ) 0/0— @ 11—
move to the rightmos 1/1—

(ds,06)
go to step 1.

1/B—
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0/0—
1/1— VUle



BHL={wwR|w e {0,1}*}ZZHEHTSHTM

M:({qa’qo’ql""’qG}’{Oil}’{OiliB}’ 6 ’ qO’ B’ {qa})
DRZXMES: O [FLLTDAEY

0 1 B

(92,B,R) (91,B,R) (0,,B.R)
(9,,0,R) (9,,1,R) (a3,B,L)

(q2101R) (CI2’1’R) (q4’B’L) 0/0—
(Gs,B.L) - 0/0— 11—

@BL) - : U e o UB—
(@50L) (G5LL) (GBR) .
(06:.0,L) (Qe,1,L) (90,B.R)

G & 6 6 6 6 ¢ &)
W & g B G N B @

B/B—
. o B/B<« 0/B— 0/0—

1/1— UVl 535




ExX)L={wwR|w & {0,1}* } is accepted by TM

M=({04,0.95,---.06}.{0,1}.{0,1,B}, &, qy, B, {0.}),
where O is defined as follows:

0 1 B
Go |(02,B,R) (01,B.R) (4.,B.R)
U1 |(a,,0,R) (g5,1,R) (a3,B.L)
U2 |(0,,0,R) (6,,1,R) (q4B.L) 0/0—
3| - (@BL) - 0/0— 1/1—
Os [(q.BL) - : M GBe e 1/B—
U5 (@.0.L) (@51.L) (q0B.R) 2B
26 (d6:0,.L) (gs,1,L) (00,B:R)
N

B/B—
oo, BB o/B— ",
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BHL={wwr|w e {0,1}*}ZETHTM
MM AF 1001 2Z2E TS RIILUTDEY:
0,1001+q,001+ 0qg,01+ 00qg,1+ 001q, - 00q,1
~-0q:0 Fq:;00 - g;:B00 + g,00+ q,0

~ 00, 9,0 gg - go 0,
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ExX) L={wwR|w € {0,1}* } is accepted by TM M.
The computation of M for the Iinput 1001 is:
0,1001+q,001+ 0qg,01+ 00qg,1+ 001q, - 00q,1
~-0q:0 Fq:;00 - g;:B00 + g,00+ q,0

~ 00, 9,0 gg - go 0,

0/0—
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8.2. Turing Machine

8.2.5. Language accepted by a TM

The language L(M) accepted by a TM M:
M will be In an accepting state under input w

@Formally...

ForM=(Q,2,[,0,q,,B,F),
L(M)={we 2*| ApEF, qw~apB(a,B T *)}

* We do not mind if M halts or not.
e Anyway, It accepts If it Is in an accepting state.
e For a word not in L(M), we only say that M never
accepts. It is OK if it Is in dead-lock or infinite-loop.
Namely, it is OK if it does not stop.
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8.2. Turing Machine

8.2.6. Halting property of TM

[Definition] Fora TM M, if 0 (g,X) is not defined, we
define that M halts (namely, it stops computing).

% In the definition of L(M), the language does not
change If we define “TM halts In an accepting state’.

% We do not mind for the word w not in L(M). (Halt or

Infinite-loop)
Recursively enumerable language:

U The set of languages accepted by above TMs

Recursive language: The set of languages accepted by
TMs that always halt (especially, the words not in L(M)).
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8. Turing Machine

8.*. Meaning of a Turing machine

— Mathematical model of a ‘computation’
« Computable function can be considered.

— Model for a ‘computer’

 TM has universality.
Every function computable by any von-Newman type computer
can be computed by a universal Turing machine.

« TM can be used as a measure for efficiency of a
computation.

The efficiency of an algorithm is evaluated by the time complexity
and space complexity of a TM.

32/32



