
Genik� gia tic Mhqanèc Turing

Onom�sthkan proc tim  tou efeurèth touc Alan M. Turing (1912-1954).

MporoÔn na qrhsimopoihjoÔn

1. wc anagnwristèc glwss¸n.

2. gia upologismì sunart sewn apì sumboloseirèc se sumboloseirèc.

3. gia th susthmatik  aparÐjmhsh twn sumboloseir¸n se mia gl¸ssa.

Mia exeligmènh morf  autom�tou, fainomenik� prwtìgonec. PisteÔetai pwc
den mporoÔn na {enisqujoÔn} kai �ra eÐnai to pio genikì montèlo upologi-
stik c mhqan c.



Basikèc Arqèc twn Mhqan¸n Turing

ApoteloÔntai apì (1) mon�da elègqou peperasmènwn katast�sewn, (2)
mia tainÐa kai (3) mia kefal  an�gnwshc / eggraf c. LeitourgoÔn se
diakrit� b mata.
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Eidikìtera:

• H tainÐa ekteÐnetai aperiìrista proc ta dexi�.

• H sumboloseir� eisìdou (an up�rqei) topojeteÐtai sto aristerì �kro
thc tainÐac.

• To upìloipo thc tainÐac proc ta dexi� perièqei arqik� ken� sÔmbola ta
opoÐa sumbolÐzontai me t.
• To aristerìtero tetr�gwno thc tainÐac perièqei to eidikì sÔmbolo B.
'Opote h kefal  diab�zei to B, sto epìmeno b ma metakineÐtai proc ta
dexi�.



Basikèc Arqèc twn Mhqan¸n Turing, sunèqeia

Epiplèon:

• Se k�je b ma an�loga me thn trèqousa kat�stash kai to sÔmbolo pou
h kefal  diab�zei sthn tainÐa, h mhqan  Turing:

a) TopojeteÐ th mon�da elègqou se kainoÔrgia kat�stash kai

b) eÐte gr�fei èna sÔmbolo sto trèqon tetr�gwno eÐte metakineÐ thn
kefal  kat� èna tetr�gwno (arister�   dexi�).

• QrhsimopoioÔme ta sÔmbola ← kai → gia na sumbolÐsoume thn kÐnhsh
thc kefal c proc ta arister�   proc ta dexi� antÐstoiqa.

Mia mhqan  Turing mporeÐ na epistrèyei ap�nthsh me to tèloc tou upolo-
gismoÔ, gr�fontac thn p�nw sthn tainÐa.



Orismìc thc Mhqan c Turing (M.T.)

Mhqan  Turing M = (K, Σ, δ, s, H)
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peperasmèno sÔnolo katast�sewn
alf�bhto eisìdou, den perièqei ta ←,→.
Perièqei to kenì sÔmbolo t kai to sÔmbolo aristeroÔ �krou B
arqik  kat�stash s ∈ K
sÔnolo katast�sewn termatismoÔ, H ⊆ K
sun�rthsh met�bashc, δ : ((K −H)× Σ)→ K × (Σ ∪ {←,→})



Orismìc thc Mhqan c Turing, sunèqeia

Gia th sun�rthsh met�bashc δ isqÔoun p�nta ta ex c:

An q ∈ K − H, a ∈ Σ kai δ(q, a) = (p, b) tìte h M ìtan brÐsketai sthn
kat�stash q kai sar¸nei to sÔmbolo eisìdou a, metabaÐnei sthn kat�stash
p kai:

• an b ∈ Σ, antikajist� to a me b

• an b eÐnai←  → metakineÐ thn kefal  kat� èna tetr�gwno sthn kateÔ-
junsh b.
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An q ∈ K − H, a ∈ Σ kai δ(q, a) = (p, b) tìte h M ìtan brÐsketai sthn
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Epiplèon:

• Gia k�je q ∈ K −H, an δ(q, B) = (p, b), tìte b =→.

• Gia k�je q ∈ K −H kai a ∈ Σ,an δ(q, a) = (p, b), tìte b 6= B.



Par�deigma Mhqan c Turing

M = (K, Σ, δ, s, {h})
K = {q0, q1, h}
Σ = {a,t, B}
s = q0.

Kat�stash q SÔmbolo σ Met�bash δ(q, σ)
q0 a (q1,t)
q0 t (h,t)
q0 B (q0,→)
q1 a (q0, a)
q1 t (q0,→)
q1 B (q1,→)



Par�deigma Mhqan c Turing

M = (K, Σ, δ, s, {h})
K = {q0, q1, h}
Σ = {a,t, B}
s = q0.

Kat�stash q SÔmbolo σ Met�bash δ(q, σ)
q0 a (q1,t)
q0 t (h,t)
q0 B (q0,→)
q1 a (q0, a)
q1 t (q0,→)
q1 B (q1,→)

H M sar¸nei me thn kefal  proc ta dexi�, all�zontac ìla ta a se t,
¸spou na brei èna tetr�gwno thc tainÐac pou na perièqei t.



DeÔtero par�deigma Mhqan c Turing

M = (K, Σ, δ, s, H)
K = {q0, h}
Σ = {a,t, B}
s = q0.
H = {h}.

Kat�stash q SÔmbolo σ Met�bash δ(q, σ)
q0 a (q0,←)
q0 t (h,t)
q0 B (q0,→)



DeÔtero par�deigma Mhqan c Turing

M = (K, Σ, δ, s, H)
K = {q0, h}
Σ = {a,t, B}
s = q0.
H = {h}.

Kat�stash q SÔmbolo σ Met�bash δ(q, σ)
q0 a (q0,←)
q0 t (h,t)
q0 B (q0,→)

H M sar¸nei me thn kefal  proc ta arister�, ¸spou na brei èna tetr�g-
wno thc tainÐac pou na perièqei t kai tìte termatÐzei. Ti gÐnetai an den
up�rqei kanèna kenì tetr�gwno sta arister�?



Orismìc sunolik c kat�stashc

Jèloume na orÐsoume èna stigmiìtupo thc M.T. pou apeikonÐzei thn trè-
qousa sunolik  thc kat�stash.
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Dhlad  oi sunolikèc katast�seic arqÐzoun me to sÔmbolo aristeroÔ �krou
kai den telei¸noun potè me kenì, ektìc an to kenì eÐnai to sÔmbolo pou
diab�zei h kefal .



Orismìc sunolik c kat�stashc

Jèloume na orÐsoume èna stigmiìtupo thc M.T. pou apeikonÐzei thn trè-
qousa sunolik  thc kat�stash.

Mia sunolik  kat�stash (configuration) miac M.T. M = (K, Σ, δ, s, H) eÐnai
èna mèloc tou

K × BΣ∗ × (Σ∗(Σ− {t}) ∪ {ε})

Dhlad  oi sunolikèc katast�seic arqÐzoun me to sÔmbolo aristeroÔ �krou
kai den telei¸noun potè me kenì, ektìc an to kenì eÐnai to sÔmbolo pou
diab�zei h kefal .

Mia sunolik  kat�stash h opoÐa perièqei mia kat�stash pou an kei sto
H, ja onom�zetai termatismènh sunolik  kat�stash (halted configuration).



Enallaktik  graf  sunolik¸n katast�sewn

H tri�da
(q, wa, u)

ìpou a ∈ Σ eÐnai to trèqon sÔmbolo pou diab�zei h kefal  gr�fetai
kai wc

(q, wau)



H sqèsh {par�gei se èna b ma}

'Estw M = (K, Σ, δ, s, H) kai èstw (q1, w1a1u1) kai (q2, w2a2u2) dÔo suno-
likèc katast�seic thc M. Tìte

(q1, w1a1u1)`M (q2, w2a2u2)

an kai mìno an, gia k�poio b ∈ Σ ∪ {←,→}, δ(q1, a1) = (q2, b) kai eÐte

1. b ∈ Σ, w1 = w2, u1 = u2 kai a2 = b.

2. b =←, w1 = w2a2, kai eÐte

a) u2 = a1u1, an a1 6= t,   u1 6= ε,  

b) u2 = ε, an a1 = t, kai u1 = ε.

3. b =→, w2 = w1a1, kai eÐte

a) u1 = a2u2,  

b) u1 = u2 = ε kai a2 = t.



H sqèsh {par�gei se mhdèn   perissìtera b mata}

'Estw sunolikèc katast�seic C, C ′.

C `∗M C ′

an kai mìno an, up�rqoun sunolikèc katast�seic C0, C1, . . . , Cn, n ≥ 0,
¸ste

C = C0 `M C1 `M . . . `M Cn−1 `M Cn = C ′.



H sqèsh {par�gei se mhdèn   perissìtera b mata}

'Estw sunolikèc katast�seic C, C ′.

C `∗M C ′

an kai mìno an, up�rqoun sunolikèc katast�seic C0, C1, . . . , Cn, n ≥ 0,
¸ste

C = C0 `M C1 `M . . . `M Cn−1 `M Cn = C ′.

Se aut  thn perÐptwsh lème epÐshc pwc o upologismìc èqei n b mata.



Treic stoiqei¸deic M. T.

Mα: M. T. pou ekteleÐ thn {enèrgeia} α ∈ (Σ− {B}) ∪ {→,←}.
M = (s, h, Σ, δ, s, {h})
Gia k�je b ∈ Σ− {B},

δ(s, b) = (h, α)

EpÐshc
δ(s, B) = (h,→)



Treic stoiqei¸deic M. T.

Mα: M. T. pou ekteleÐ thn {enèrgeia} α ∈ (Σ− {B}) ∪ {→,←}.
M = (s, h, Σ, δ, s, {h})
Gia k�je b ∈ Σ− {B},
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An�loga me to α orÐzoume treic diaforetikèc stoiqei¸deic M. T. Ja qrhsimeÔ-
soun wc domik� stoiqeÐa sthn kataskeu  pio polÔplokwn M.T.

Tim  tou α SuntomografÐa gia Mα

∈ Σ− {B} α
→ R
← L



SÔnjesh M. T.

Trìpoc gia na apeikonÐzoume sqetik� perÐplokec M. T. me b�sh pio apl�
domik� stoiqeÐa.

{LeitoÔrghse ìpwc h M1. 'Otan h M1 termatÐsei, an h kefal  diab�zei a
leitoÔrghse ìpwc h M2 eid�llwc term�tise.}

M1
a−→M2
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AntÐ gia

M1
∀a∈Σ−→ M2

gr�foume
M1M2


