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Plans

Sodien centisimies noskaidrot:
® Kas ir algoritms
® Kas ir Tjlringa masina
® Ko nozime P un NP



Matematika

e Vards “matematika” célies no
grieku pafnpc, kas nozZime
macities, studet

o Aristotelis matematiku defingja
ka zinatni par daudzumiem

e Misdienas vairs nemakam
matematiku definet !
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Matematika

e Geometrija:

b2

e Tue-Morsa vards:

abbabaabbaababbabaababbaabbabaab



Matematika




Pieradijums

K3 Grieki pieradija, ka v/2 nav skaitlis?




Pieradijums

K3 Grieki pieradija, ka v/2 nav skaitlis?
@ Pienemsim, ka V/2 ir skaitlis , tad varam izvélgties
nesaisinamus m un n, lai V2 = 2. (Grieki pazina tikai
racionalus skait|us.)



Pieradijums

K3 Grieki pieradija, ka v/2 nav skaitlis?

@ Pienemsim, ka V/2 ir skaitlis , tad varam izvélgties
nesaisinamus m un n, lai V2 = 2. (Grieki pazina tikai
racionalus skait|us.)

® Tatad



Pieradijums

K3 Grieki pieradija, ka v/2 nav skaitlis?

@ Pienemsim, ka V/2 ir skaitlis , tad varam izvélgties
nesaisinamus m un n, lai V2 = 2. (Grieki pazina tikai
racionalus skait|us.)

® Tatad )

m
— = 2 un m?=2n°
n
© Ja m ir neparskaitlis, tad m? arf biitu neparskaitlis, bet tad
2
™5 # 2. Pretruna!



Pieradijums
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Pieradijums

K3 Grieki pieradija, ka v/2 nav skaitlis?

@ Pienemsim, ka V/2 ir skaitlis , tad varam izvélgties
nesaisinamus m un n, lai V2 = 2. (Grieki pazina tikai
racionalus skait|us.)

® Tatad )

m
—2:2 un  m? =2n?
n

© Ja m ir neparskaitlis, tad m? arf biitu neparskaitlis, bet tad
m2
s # 2. Pretrunal

® Tatad m ir parskaitlis, t.i., m = 2k. Varam izteikt

2n% = m? = (2k)? = 4k?
un iegilistam n® = 2k?. Tatad ar n ir parskaitlis.
@ Bet ta ir pretruna! Més tacu sakuma izvelgjamies
nesaisinamu dalu, un tad abi skaitli reizé nevar but
parskait]i.
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Algoritmi

DaZreiz nepietiek ar formulam — k3 bez kalkulatora saskaitit
3881 + 2753 =7

Varam saskaitit stabina:




Algoritmi

4
x(x®+4x—-5)=0
v N
(x> +4x—5)=0 x=0
V4 N\




Algoritmi

e Algoritms ir so|u uzskaitijums,
kas javeic, lai sasniegtu velamu
rezultatu.

e Ta nosaukts par godu izcilajam
PersieSu matematikim
Abu Abdullam Muhamedam
ibn-Musam al-Harizmi
(apm. 780-850 g.)




Sarezgitaki algoritmi

V2 = 1.414213. ..
220 00000000000
1
2 |4 1 00
9 6
28 |1 400
2 81
28 2 |4 11900
11296
28 2 8 |2 6 0400
565 6 4
28 2 8 4 |1 383600
282841
28 2 8 4 2 |3 10075900
8 4852609



Sarezgitaki algoritmi

K3 Grieki pieradija, ka v/2 nav skaitlis?

@ Pienemsim, ka V/2 ir skaitlis , tad varam izvélgties
nesaisinamus m un n, lai V2 = 2. (Grieki pazina tikai
racionalus skait|us.)

® Tatad )

m
—2:2 un  m? =2n?
n

© Ja m ir neparskaitlis, tad m? ar biitu neparskaitlis, bet tad
m2
s # 2. Pretrunal

® Tatad m ir parskaitlis, t.i., m = 2k. Varam izteikt

2n% = m? = (2k)? = 4k?
un iegilistam n®> = 2k?. Tatad ar n ir parskaitlis.
@ Bet ta ir pretruna! Més ta¢u sakuma3 izvelgjamies
nesaisinamu dalu, un tad abi skaitli reizé nevar but
parskait]i.



Hilberta problema

e Leibnics sapnoja uzbtvet
masinu, kas manipulétu
matematiskus simbolus un
pieraditu izteiksmes.

e Misdienu valoda més jautatu
“Vai iespgjams atrast algoritmu,
kas pasaka, vai matematiska
izteiksme ir patiesa?”

e So jautajumu formulgjis
Davids Hilberts (1862.-1943.)
talaja 1928. gada.




Neiesp€jamiba

Muzigais dzinéjs

ri\ Metals



Alonzo Cér&s un Alans Tjurings




Tjuringa masina

0

* (q0,t) — (qo, (u,>))
* (90,0) — (ar, (0, 1))

Vadibas bloks, ar galigu skaitu stavok]u.

Lente (vai lentes), datu ievadei, apstradei un izvadei

Galva, kas norada uz poziciju uz lentas

Likumu saraksts



Tjuringa masina
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T
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e
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Likumu saraksts



Tjuringa masina

u |t |t

t -

® (q07 t) — (qu (uv D))
* (q0,0) — (qr, (0, 2))

Vadibas bloks, ar galigu skaitu stavok]u.

Lente (vai lentes), datu ievadei, apstradei un izvadei
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Tjuringa masina

® (q07 t) — (qu (uv D))
* (q0,0) — (qr, (0, 2))

Vadibas bloks, ar galigu skaitu stavok]u.

Lente (vai lentes), datu ievadei, apstradei un izvadei

Galva, kas norada uz poziciju uz lentas

Likumu saraksts



Tjuringa masina

do

O I

(q07 t) — (qu (uv D))
(q0,80) — (qr, (0, 2))

Vadibas bloks, ar galigu skaitu stavok]u.
Lente (vai lentes), datu ievadei, apstradei un izvadei
Galva, kas norada uz poziciju uz lentas

Likumu saraksts



Tjuringa masina

ar

O I

(q07 t) — (qu (uv D))
(q0,80) — (qr, (0, 2))

Vadibas bloks, ar galigu skaitu stavok]u.
Lente (vai lentes), datu ievadei, apstradei un izvadei
Galva, kas norada uz poziciju uz lentas

Likumu saraksts



Tjuringa masina

Likums:



Tjuringa masina

Likums: (g0, 7,00) — (qo, (n,>), (0, A), (, A))



Tjuringa masina

Likums: (q07n7|:|) — (q07(n;>),(D,A),(D,A))



Tjuringa masina

Q: qo
1(7]/5|+|3|9]3
7 - 7
o - 7
o - 7

Likums:  (qgo, n,[d) — (qo, (n,>), (0, ), (01, A))



v—

uringa masina

T

(g0, 7,0) — (qo, (n,>), (d, A), (], A)) patiesiba 10 likumi:
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Tjuringa masina

Q: qo
1(7]/5|+|3|9]3
7 - 7
o - 7
o - 7

Likums:  (qgo, n,[d) — (qo, (n,>), (0, ), (01, A))



Tjuringa masina

Q: qo

117|5|+|3]9]3
7 - 7
0o 7

o 7

Likums:  (qo, n,00) — (qo, (n,>), (0, 2), (1, A))



Tjuringa masina

Likums:  (qgo, n,[d) — (qo, (n,>), (0, ), (01, A))



Tjuringa masina

Likums:  (qgo, n,[d) — (qo, (n,>), (0, ), (01, A))



Tjuringa masina

Likums:  (qo, n,00) — (qo, (n,>), (0, 2), (1, A))



Tjuringa masina

Likums:  (qo,+,0) — (q1, (+, ), (3, o), (I, A))



Tjuringa masina

Likums:  (qo,+,0) — (q1, (+, ), (3, o), (I, A))



Tjuringa masina

Q @

17|15+ 13]9]3
3 I
D\J
D\—J

Likums:  (qo,+,0) — (q1, (+, ), (3, o), (I, A))



Tjuringa masina

Q ¢

117|5|+|3]9]3
3 7
o - 7
o - 7

Likums: (g1, n,0) — (q1, (n,>), (n,>), (0, 1>))



Tjuringa masina

Q ¢
1175 +(13]|9]|3
3 7
3
3 L/
al

Likums: (g1, n,0) — (g1, (n, ), (n,>), (O, 1>))



Tjuringa masina

Q @
1175 +(13]|9]|3
9 7
3
o 7
o - 7

Likums: (g1, n,0) — (g1, (n, ), (n,>), (O, 1>))



Tjuringa masina

Q ¢
1175 +(13]|9]|3
9 7
319
g -7
o - 7

Likums: (g1, n,0) — (g1, (n, ), (n,>), (O, 1>))



Tjuringa masina

Q @
1175 +(13]|9]|3
3 I
319
o 7
i

Likums: (g1, n,0) — (g1, (n, ), (n,>), (O, 1>))



Tjuringa masina

Q ¢
1175 +(13]|9]|3
3 I
3191(3
I

Likums: (g1, n,0) — (g1, (n, ), (n,>), (O, 1>))



Tjuringa masina

Q @
1175 +(13]|9]|3
0 I
31913
O 7

Likums: (g1, n,0) — (g1, (n, ), (n,>), (O, >))



Tjuringa masina

Q @
1175 +(13]|9]|3
0 I
31913
O 7

Likums: (g1,0,0) — (g2, (1, <), (3, o), (I, A))



Tjuringa masina

Q: g
1175 +(13]|9]|3
0 I
31913
O 7

Likums: (g1,0,0) — (g2, (1, <), (3, o), (I, A))



Tjuringa masina

Q: @
1175 +(13]|9]|3
3 I
31913
O 7

Likums: (g1,0,0) — (g2, (1, <), (3, o), (I, A))



Tjuringa masina

Q: @
1175 +(13]|9]|3
3 I
31913
O 7

Likums: (g2, n,00) — (g2, (n, <), (3, A), (L, A))



Tjuringa masina

Q: @
1175 +(13]|9]|3
9 7
31913
O 7

Likums: (g2, n,00) — (g2, (n, <), (3, A), (L, A))



Tjuringa masina

Q: @
1175 +(13]|9]|3
3 7
31913
O 7

Likums: (g2, n,00) — (g2, (n, <), (3, A), (L, A))



Tjuringa masina

Likums: (g2, n,00) — (g2, (n, <), (3, A), (L, A))



Tjuringa masina

Likums: (g2, +,0) — (g3, (+, <), (O, <), (1, <))



Tjuringa masina

Likums: (g2, +,0) — (g3, (+, <), (O, <), (1, <))



Tjuringa masina

Qg3
1175 +(13]|9]|3
5 - 7
31913
I
i

Likums: (g2, +,0) — (g3, (+, <), (O, <), (1, <))



Tjuringa masina

Q: g3
175 +13|19]|3
5 L 7
31913
O
Q- 7

Likums: (g3, n,m) — (g3, (n, <), (m, <), (n+ m, <))
vai (g3, n,m) — (qa, (n,<),(m,<),(n+ m— 10, <))



Tjuringa masina

Q: g3
1]7]s5]+]3]9]3
5 -— 7
393
3 - 7
8
g -— 7

Likums: (g3, n,m) — (g3, (n, <), (m, <), (n+ m, <))
vai (g3, n,m) — (qa, (n,<),(m,<),(n+ m— 10, <))



Tjuringa masina

Q: g3

1|7]s5]+]3]0]3
7 - 7

393
9 — 7

8
o 7

Likums: (g3, n,m) — (g3, (n, <), (m, <), (n+ m, <))
vai (g3, n,m) — (qa, (n,<),(m,<),(n+ m— 10, <))



Tjuringa masina
(CI3, n, m) — (q37 (n7 <1)’ (m’ <])’ (n +m, <1)) un

(g3, n,m) — (qa, (n, <), (m, <), (n+ m— 10, <))
patiesiba 100 likumi:

1 (q37070) — (q3 (O <)7(07<] 0, < )
2 (q370a 1) - (q3a(0 Q),(1,<] 1 <]))
3(Q3,0 2)—>(q3a(0 7(2><]7 2<])
(CI3 4, 4‘) — (q3 (4v<)7(47<])7(87<]))
(q ) - (q3a (47 Q), (5> <])a (97 <]))
(q ) — (q47 (47 4)7 (67 <])7 (07 <]))
(q3 4‘ 7) — (CI4 (474)7(77<])7(17<]))

99 (q3,9 8) — (g4, (9,<),(8,<),(7,<
100 (g3, 9,9) —> (qa, (9, <1), (9, <), (8, <))



Tjuringa masina

Q: g3

1|7]s5]+]3]0]3
7 - 7

393
9 — 7

8
o 7

Likums: (g3, n,m) — (g3, (n, <), (m, <), (n+ m, <))
vai (g3, n,m) — (qa, (n,<),(m,<),(n+ m— 10, <))



Tjuringa masina

Q: qa
1]7]s5]+]3]9]3
7 - 7
393
9 — 7
6|8
6 — 7

Likums: (g3, n,m) — (g3, (n, <), (m, <), (n+ m, <))
vai (g3, n,m) — (qa, (n,<),(m,<),(n+ m— 10, <))



Tjuringa masina

Q: qa

1|7]s5]+]3]0]3
1

393

3 - 7

6| 8
o 7

Likums: (g3, n,m) — (g3, (n, <), (m, <), (n+ m, <))
vai (g3, n,m) — (qa, (n,<),(m,<),(n+ m— 10, <))



Tjuringa masina

Q: qa

1|7]s5]+]3]0]3
1

393

3 - 7

6| 8
o 7

Likums:  (qa, n,m) — (g3, (n,<0),(m, <), (n+m+1,<))
vai (qa,n,m) — (qa, (n,<),(m, <), (n+ m—9,<))



Tjuringa masina
(q47 n, m) — (q37 (n7 <])) (ma <I)’ (n +m+ 17 <])) un

(q47 n, m) — (q47 (n7 <])7 (ma <])7 (n +m— 97 <]))
patiesiba atkal 100 likumi:

1 (g4,0,0) — (g3, (0,<), (0,
2 (CI4, 0, 1) — (q3a (Ov Q), (17 <])7 (27 <]))

N—r
—~~
o
A
~—
—~~
—_
A
~

3 (q4,0,2) — (g3, (0, <0), (2, <), (3, <
(q4 4, 4’) — (q3a (47 <)7 (47 <])v (97 <]))
(Q4, 4 5) — (q4a (47 Q), (5> <])a (07 <]))
(q ) — (q4,(4,<),(6,<]),(1,<]))
(q4 4‘ 7) - (CI4, (47 q)7 (77 <])7 (27 <]))

99 (q4,9 8) — (q4, (97 Q), (8, <]), ( <
100 (qa,9,9) —> (ga, (9, <1), (9, <), (9. <1))



Tjuringa masina

Q: qa

1|7]s5]+]3]0]3
1

393

3 - 7

6| 8
o 7

Likums:  (qa, n,m) — (g3, (n,<0),(m, <), (n+m+1,<))
vai (qa,n,m) — (qa, (n,<),(m, <), (n+ m—9,<))



Tjuringa masina

Q: g3
1]7]s5]+]3]9]3
T )
393
3 —
5168
5 — 7

Likums:  (qa, n,m) — (g3, (n,<0),(m, <), (n+m+1,<))
vai (qa,n,m) — (qa, (n,<),(m, <), (n+ m—9,<))



Tjuringa masina

Q g3

1(7]5|+]3]|9]|3
o —

31913

o b/

51618
o 7

Likums:  (qa, n,m) — (g3, (n,<0),(m, <), (n+m+1,<))
vai (qa,n,m) — (qa, (n,<),(m,<1),(n+ m—9,<))



Tjuringa masina

i

T

el

Likums:  (g¢3,00,0) — (gr, (1, 2)
vai (qs,0,0) — (gr, (L, 0),(0,0),(1,A))

0
=
=
=



Tjuringa masina

i

T

sl

Likums:  (g¢3,00,0) — (gr, (1, 2)
vai (qs,0,0) — (gr, (L, 0),(0,0),(1,A))

0
=
=
=



Tjuringa masina

Kopa 245 likumi, kompakti uzrakstami ka
90, n,00) — (qo, (n,>), (0, 2), (01, 2))
qo, +, 1) — (q1, (. ), (5, 2), (. 2))
g1, n,1) — (q1, (n, ), (n, ), (L, >))
g1, 1, 0) — (g2, (0, <), (H, 2), (0, 2))
g2, n,10) — (g2, (n, <), (L, 2), (L, 2))

o (
(
(
(
(
(g2, +,0) — (g3, (+, <), (0, <), (0, <))
(g3, n,m) — (g3, (n,
(
(
(
(
(

q4an m —>(Q47 n,

®® 6000000000

g3, ) — (QF,( )
%D 0) — (aF, (



Tjuringa masina




Q: a

Tjuringa masina

,O)— (ar, (1, 1))

,a)— (a1, (O, >))
, b)— (b1, (O, >))
, a/b)— (a1, (a/b, >))
, D)—) (32, (D, < ))
, a/b)— (b1, (a/b, >))
,O0)— (b, (O, «))
ok, a/b) — (ok, (a/b, <))
ok, ) — (qo, (O, >))

e




Tjuringa masina

Q: a
alal|b]|a
) 7
(a0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (. >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (T, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ap. (0. )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q: a
alal|b]|a
R 7
(a0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (. >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (T, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ap. (0. )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q a
alal|b|a
b /"
(a0, O)— (ar, (1, 1))
(G0, 2)— (@, (0 =) (2 ki)
(a0, b)— (b, (0, > ) (a2, O)— (ar. (1, A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (T, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ap. (0. )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q a
alal|b|a

] /"
(a0, O)— (ar, (1, 1))
(G0, 2)— (@, (0 =) (2 ki)
(g0, b)— (b1, (. >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (T, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ap. (0. )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q a
alal|b|a
. I
(g0, O)— (ar. (1, 2))
(90, a)— (a1, (B, >)) gj ab;: EEE E% jgg
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
O R 5
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Tjdringa masina

Q: a
blal|la|b|a
a /"
g0, 0)— (ar, (1, 2))
(a2, a)— (ok, (O, <))
,a)— (a1, (O, >))
32, b)— (bl, (@, >)) 2, b)— (ne, (O, <)

(a
1 (a
a1, a/)b)—(> (al(, (a/b, ))D ) (b
a1, O)— (a3, (O, « '
bi, a/b)s (2b1’ (a/b, ) EEQ b)— (ok (D <)
b1, D)—> (bz, (D, < )) (n
ok, a/b) — (ok, (a/b, <)) (
ok,d) — (qo, (O, >))

2
e,a/b) — (ne ( . <))
ne,0) — (ar, (0, A))



Tjuringa masina

Q: ok
alal|b
- >
(g0, O)— (ar, (1, 4))
(0. 2)— (@, (0 =) (2 ki)
(g0, b)— (b1, (L, >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ’q))
(a1, O)— (a2, (O, <)) (b, b)—s (ok, (1, <))
(b1, a/b)— (b1, (a/b, >)) ;2 i
(b, O)— (b2, (0, <)) o e e
1 2, (L, ne,a/b) — (ne, (0, <))
(ok,a/b) — (ok, (a/b, <)) e aD/ (ar. (0, &)
(kD) — (a0, (@, &) (&P e




Tjuringa masina

Q: ok
alal|b
R 7
(g0, O)— (ar. (1, 2))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R A
ok, a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: ok
alal|b
) 7
(g0, O)— (ar. (1, 2))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R A
ok, a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: ok
.o a a b
b -
(g0, O)— (ar. (1, 2))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R A
ok,a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Q: ok

Tjuringa masina

,O)— (ar, (1, 1))

,a)— (a1, (O, >))
, b)— (b1, (O, >))
,a/b)— (a1, (a/b, >))
, D)—) (32, (D, < ))
, a/b)— (b1, (a/b, >))
,0)— (b, (O, «))
ok, a/b) — (ok, (a/b, <))
) — (a0, (O, >))

e




Tjuringa masina

Q: qo
.o a a b
N
(qo, D)—> (CIFv (1: A))
(0. 2)— (@, @ =) (@2 ki)
(do, b)— (b1, (), ©>)) (32, 0)— (qr (1’ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b, b)—> (ok O <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)—> (bz |£D( /: )))) (ne', a/b) — (ne, (D, <))
ok, a — (oK, (a/b, <
ok 1) s (ao. (0. )] (ne,d) — (qf, (0, 2))




Tjuringa masina

Q b
alal|b
) >

(g0, O)— (ar, (1, 2))

(G0, 2)— (@, (0 =) (2 ki)

(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ’q))

(a1, O)— (a2, (O, <)) (b, b)—s (ok, (1, <))

(b1, a/b)— (b1, (a/b, &))" oy
(o a/b) > o, (o, 2y (1e:3/8) — (1 (0. )
ok, a/b) — (ok, (a/b, <

(kD) — (a0, (D, &) (") (an (0:8)




Tjuringa masina

Q b
alal|b
5 — >

(g0, O)— (ar, (1, 2))

(G0, 2)— (@, (0 =) (2 ki)

(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ’q))

(a1, O)— (a2, (O, <)) (b, b)—s (ok, (1, <))

(b1, a/b)— (b1, (a/b, &))" oy
(o a/b) > o, (o, 2y (1e:3/8) — (1 (0. )
ok, a/b) — (ok, (a/b, <

(kD) — (a0, (D, &) (") (an (0:8)




Tjuringa masina

Q b
alal|b

- —
(g0, O)— (ar, (1, 2))
(G0, 2)— (@, (0 =) (2 ki)
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ’q))
(a1, O)— (a2, (O, <)) (b, b)—s (ok, (1, <))
(b1, a/b)— (b1, (a/b, &))" oy
(o a/b) > o, (o, 2y (1e:3/8) — (1 (0. )
ok, a/b) — (ok, (a/b, <
(kD) — (a0, (D, &) (") (an (0:8)




Tjuringa masina

Q b
alal|b
O /"
(g0, O)— (ar, (1, 1))
(90, a)— (a1, (B, >)) gj ab;: EEE ES jgg
(g0, b)— (b1, (L, >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
RGN R
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (0, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: b2
alal|b

i /"
(g0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)—> (o|7( (O, <))
(bi a/b)— (br, (a/b. &))" B )
ok a/b) o ofn 2/ (0 (0,
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (0, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: ok
a a

R 7
(g0, O)— (ar. (1, 2))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R e A
ok,a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: ok
a a
) 7
(g0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R e A
ok,a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Q: ok

Tjuringa masina

,O)— (ar, (1, 1))

,a)— (a1, (O, >))
, b)— (b1, (O, >))
,a/b)— (a1, (a/b, >))
, D)—) (32, (D, < ))
, a/b)— (b1, (a/b, >))
,0)— (b, (O, «))
ok, a/b) — (ok, (a/b, <))
) — (a0, (O, >))

e




Tjuringa masina

al a
7

az, a)— (ok, (O, <))
az, b)— (ne, (0, <))
a2, O)— (ar, (1, 2))
by, a)— (ne, (O, <))
by b)—> (Ok, D,<l))
bz, O)— (ar. (1, 4))




Tjuringa masina

Q: a
a

R 7
(g0, O)— (ar, (1, 1))
(G0, 2)— (@, (0 =) (2 ki)
(do, b)— (b1, (O, >)) (30, O)—> (qr, (1, A))
(a1, a/b)— (a1, (a/b, >)) (bzy a)— (ne, (O <1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (CJ, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ao. (0 )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q: a
a
O /"
(g0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
O R 5
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (0, 5 )) (ne,0) — (gr, (0, 2))




Tjdringa masina

Q: a
;
a I
q0, 0)— (ar. (1, 2))
(a2, a)— (ok, (0, <))
,a)— (a1, (O, >))
22, b)— (bl, (@, >)) 2, b)— (ne, (O, <)

(a
1 (a
a1, a/)b)—(> (al(, (a/b, ))D ) (b
a1, O)— (a3, (O, « '
bi, a/b)s (2b1’ (a/b, ) EEQ b)— (ok (D <)
b1, D)—> (bz, (D, < )) (n
ok, a/b) — (ok, (a/b, <)) (
ok,d) — (qo, (O, >))

2
e,a/b) — (ne ( . <))
ne,0) — (g, (0, A))



Tjuringa masina

Q: ok

- >
(90, O)— (ar, (1, &)
ST eameey
o D) 2 Or G 2D e D (ar (1)
(01, 2/0)— (an, Gy, &) 2 D) far (1
(a1, )= (a2 (U <)) (b2, b)—s (ok, (CJ, <))
(o1 2/0)—= 1 (/0 20) (b, 0) 5 (ar, (1, )
(b1, D)= (b2, (H. <)) (ne, a/b) —> (ne, (0, <1))
(ok,a/b) —> (ok, (a/b, <)) (ne7D) L (ar ’(0 ’A )
(ok.[1) — (g0, (0 & )) )




Tjuringa masina

Q: qo
- —

(g0, O)— (ar, (1, 2))

(G0 2)— (@, (0 =) (2 ek
(90, b)—> (b1, (3, >)) (32, 0)— (ar (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok o <))
(b1, a/b)— (by, (a/b, =)) o> By
(b1, B)— (b2, (0, <)) (ne' a/b) — (ne (D <))
Eok,a/b)—>(°ka (a/b:9)  (he 0) — (qr, (0, A))

ok,d) — (qo, (O, >))




Tjuringa masina

Q: qr
1

) 7
(90, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) O
(g0, b)— (b1, (0, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
e O R 5
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (0, 5 )) (ne,0) — (gr, (0, 2))




Universala Tjuringa masina

7
ol |lqglO0]|,lal=>|p|, | O
-
...l |al|blalal|lb]|a
-
qgl| o0




Universala Tjuringa masina

7
ol |lqglO0]|,lal=>|p|, | O
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Universala Tjuringa masina

7
ol |lqglO0]|,lal=>|p|, | O
\J
...l |al|blalal|lb]|a
-
qgl| o0




Universala Tjuringa masina

7
ol |lqglO0]|,lal=>|p|, | O
\—J
...l |al|blalal|lb]|a
-
qgl| o0




7

Universala Tjuringa masina

g|O0]|, |al=|p]|, | O
/\
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Universala Tjuringa masina

7
g|O0]|, |al=|p]|, | O
//
alb|lalal|b]| a
-
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7

Universala Tjuringa masina

g|O0]|, |al=|p]|, | O
/

alb|lalal|b]| a

p




Universala Tjuringa masina

7
g|O0]|, |al=|p]|, | O
/\
blal|a|b]| a
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Universala Tjuringa masina

7
g|O0]|, |al=|p]|, | O
/\
blal|a|b]| a
7
p




Universala Tjuringa masina

7
ol |lqglO0]|,lal=>|p|, | O
-
blal|a|b]| a
7
p




Cerca-Tjringa teze

e Modernie datori atradusi |oti plasu
pielietojumu

e Biologiskie datori izmanto biologiski
ieglitas molekulu sistémas, pieméram -
DNS un proteinus, lai veiktu
skait|oSanas aprekinus.

Biologiskais (DNS) dators



Apstasanas problema

e Dazas Tjuringa masinas nekad neapstajas ...
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Apstasanas problema

e DaZas Tjuringa masinas nekad neapstajas ...
e un vispariga gadijuma nevar pateikt, vai dota masina
apstasies, vai né.
e Uzcitigais bebrs ir Tjlringa ma$ina, kas censas aizpildit
pec iesp€jas lielu lentas apgabalu, bet tomér apstajas.
o Vispariga gadijuma nevar ari pateikt, kur$ no bebriem ir
visuzcitigakais.

AnRANAEEEN

[a]a]a]afafa]a]1




Diofanta vienadojumi

e Diofanta vienadojums ir
P(x1,x2,...,xn) =0,

kur P(x1,x2,...,x,) ir domats polinoms ar mainigajiem
X1, X2, - .., Xp un veseliem koeficientiem.
e Laikam slavenakais Diofanta vienadojuma piemeérs:

X4 y? = 22

Piemeram, 32 + 42 = 52 bet ar1 52 + 122 = 132



Diofanta vienadojumi
e Diofanta vienadojums ir
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kur P(x1,x2,...,x,) ir domats polinoms ar mainigajiem
X1, X2, - .., Xp un veseliem koeficientiem.
e Laikam slavenakais Diofanta vienadojuma piemeérs:
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¢ Hilberta 10. problema, 1900.g.:
atrast algoritmu, kas péec dota Diofanta vienadojuma
noskaidro, vai $im vienadojumam eksist€ atrisinajums
veselos skait]os.



Diofanta vienadojumi
Diofanta vienadojums ir
P(x1,x2,...,xn) =0,

kur P(x1,x2,...,x,) ir domats polinoms ar mainigajiem
X1, X2, - .., Xp un veseliem koeficientiem.
Laikam slavenakais Diofanta vienadojuma piemeérs:

X2 4 y? =22

Piemeram, 32 + 42 = 52 bet ar1 52 + 122 = 132

Hilberta 10. probléma, 1900.g.:

atrast algoritmu, kas péec dota Diofanta vienadojuma
noskaidro, vai $im vienadojumam eksist€ atrisinajums
veselos skait]os.

Teorema (J. Matijasevi¢s, 1970. g.) Neeksiste algoritms,
kas pec dota patvaliga Diofanta vienadojuma noskaidro,
vai §im vienadojumam eksiste atrisinajums veselos skait]os.
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Kas ir sarezgiti?

K3 vieglak sareizinat divus skait|us?

137 x 428 =7

e Varam 137 reizes saskaittt skaitli 428:

137 x 428 = 428 + 428 + 428 + 428 + 428 + 428
+ 428 4 428 4- 428 4- 428 4 428 + 428 + 428 + 428 + 428
+ 428 4 428 4- 428 4- 428 4 428 + 428 + 428 + 428 + 428
+ 428 + 428 4 428 4- 428 4 428 + 428 + 428 + 428 + 428
+ 428 + 428 + 428 + 428 +- 428 + 428 4-... =177

Viegls algoritms?



Kas ir sarezgiti?

K3 vieglak sareizinat divus skait|us?

137 x 428 =7

e Varam reizinat stabina:

1 3 7
X 4 2 8
1 0 9 6
+ 2 7 4
+ 5 4 8
5 8 6 3 6

Esam atradusi atbildi: 137 x 428 = 58636.



Tjuringa masina




Q: a

Tjuringa masina

,O)— (ar, (1, 1))

,a)— (a1, (O, >))
, b)— (b1, (O, >))
, a/b)— (a1, (a/b, >))
, D)—) (32, (D, < ))
, a/b)— (b1, (a/b, >))
,O0)— (b, (O, «))
ok, a/b) — (ok, (a/b, <))
ok, ) — (qo, (O, >))

e




Tjuringa masina

Q: a
alal|b]|a
) 7
(a0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (. >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (T, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ap. (0. )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q: a
alal|b]|a
R 7
(a0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (. >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (T, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ap. (0. )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q a
alal|b|a
b /"
(a0, O)— (ar, (1, 1))
(G0, 2)— (@, (0 =) (2 ki)
(a0, b)— (b, (0, > ) (a2, O)— (ar. (1, A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (T, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ap. (0. )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q a
alal|b|a

] /"
(a0, O)— (ar, (1, 1))
(G0, 2)— (@, (0 =) (2 ki)
(g0, b)— (b1, (. >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (T, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ap. (0. )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q a
alal|b|a
. I
(g0, O)— (ar. (1, 2))
(90, a)— (a1, (B, >)) gj ab;: EEE E% jgg
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
O R 5
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Tjdringa masina

Q: a
blal|la|b|a
a /"
g0, 0)— (ar, (1, 2))
(a2, a)— (ok, (O, <))
,a)— (a1, (O, >))
32, b)— (bl, (@, >)) 2, b)— (ne, (O, <)

(a
1 (a
a1, a/)b)—(> (al(, (a/b, ))D ) (b
a1, O)— (a3, (O, « '
bi, a/b)s (2b1’ (a/b, ) EEQ b)— (ok (D <)
b1, D)—> (bz, (D, < )) (n
ok, a/b) — (ok, (a/b, <)) (
ok,d) — (qo, (O, >))

2
e,a/b) — (ne ( . <))
ne,0) — (ar, (0, A))



Tjuringa masina

Q: ok
alal|b
- >
(g0, O)— (ar, (1, 4))
(0. 2)— (@, (0 =) (2 ki)
(g0, b)— (b1, (L, >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ’q))
(a1, O)— (a2, (O, <)) (b, b)—s (ok, (1, <))
(b1, a/b)— (b1, (a/b, >)) ;2 i
(b, O)— (b2, (0, <)) o e e
1 2, (L, ne,a/b) — (ne, (0, <))
(ok,a/b) — (ok, (a/b, <)) e aD/ (ar. (0, &)
(kD) — (a0, (@, &) (&P e




Tjuringa masina

Q: ok
alal|b
R 7
(g0, O)— (ar. (1, 2))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R A
ok, a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: ok
alal|b
) 7
(g0, O)— (ar. (1, 2))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R A
ok, a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: ok
.o a a b
b -
(g0, O)— (ar. (1, 2))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R A
ok,a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Q: ok

Tjuringa masina

,O)— (ar, (1, 1))

,a)— (a1, (O, >))
, b)— (b1, (O, >))
,a/b)— (a1, (a/b, >))
, D)—) (32, (D, < ))
, a/b)— (b1, (a/b, >))
,0)— (b, (O, «))
ok, a/b) — (ok, (a/b, <))
) — (a0, (O, >))

e




Tjuringa masina

Q: qo
.o a a b
N
(qo, D)—> (CIFv (1: A))
(0. 2)— (@, @ =) (@2 ki)
(do, b)— (b1, (), ©>)) (32, 0)— (qr (1’ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b, b)—> (ok O <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)—> (bz |£D( /: )))) (ne', a/b) — (ne, (D, <))
ok, a — (oK, (a/b, <
ok 1) s (ao. (0. )] (ne,d) — (qf, (0, 2))




Tjuringa masina

Q b
alal|b
) >

(g0, O)— (ar, (1, 2))

(G0, 2)— (@, (0 =) (2 ki)

(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ’q))

(a1, O)— (a2, (O, <)) (b, b)—s (ok, (1, <))

(b1, a/b)— (b1, (a/b, &))" oy
(o a/b) > o, (o, 2y (1e:3/8) — (1 (0. )
ok, a/b) — (ok, (a/b, <

(kD) — (a0, (D, &) (") (an (0:8)




Tjuringa masina

Q b
alal|b
5 — >

(g0, O)— (ar, (1, 2))

(G0, 2)— (@, (0 =) (2 ki)

(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ’q))

(a1, O)— (a2, (O, <)) (b, b)—s (ok, (1, <))

(b1, a/b)— (b1, (a/b, &))" oy
(o a/b) > o, (o, 2y (1e:3/8) — (1 (0. )
ok, a/b) — (ok, (a/b, <

(kD) — (a0, (D, &) (") (an (0:8)




Tjuringa masina

Q b
alal|b

- —
(g0, O)— (ar, (1, 2))
(G0, 2)— (@, (0 =) (2 ki)
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ’q))
(a1, O)— (a2, (O, <)) (b, b)—s (ok, (1, <))
(b1, a/b)— (b1, (a/b, &))" oy
(o a/b) > o, (o, 2y (1e:3/8) — (1 (0. )
ok, a/b) — (ok, (a/b, <
(kD) — (a0, (D, &) (") (an (0:8)




Tjuringa masina

Q b
alal|b
O /"
(g0, O)— (ar, (1, 1))
(90, a)— (a1, (B, >)) gj ab;: EEE ES jgg
(g0, b)— (b1, (L, >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
RGN R
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (0, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: b2
alal|b

i /"
(g0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)—> (o|7( (O, <))
(bi a/b)— (br, (a/b. &))" B )
ok a/b) o ofn 2/ (0 (0,
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (0, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: ok
a a

R 7
(g0, O)— (ar. (1, 2))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R e A
ok,a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Tjuringa masina

Q: ok
a a
) 7
(g0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (g, (1, 4))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
R e A
ok,a/b) — (ok, (a/b, <
(ok.0) — (a0, (O, &) (ne,0) — (gr, (0, 2))




Q: ok

Tjuringa masina

,O)— (ar, (1, 1))

,a)— (a1, (O, >))
, b)— (b1, (O, >))
,a/b)— (a1, (a/b, >))
, D)—) (32, (D, < ))
, a/b)— (b1, (a/b, >))
,0)— (b, (O, «))
ok, a/b) — (ok, (a/b, <))
) — (a0, (O, >))

e




Tjuringa masina

al a
7

az, a)— (ok, (O, <))
az, b)— (ne, (0, <))
a2, O)— (ar, (1, 2))
by, a)— (ne, (O, <))
by b)—> (Ok, D,<l))
bz, O)— (ar. (1, 4))




Tjuringa masina

Q: a
a

R 7
(g0, O)— (ar, (1, 1))
(G0, 2)— (@, (0 =) (2 ki)
(do, b)— (b1, (O, >)) (30, O)—> (qr, (1, A))
(a1, a/b)— (a1, (a/b, >)) (bzy a)— (ne, (O <1))
(az, O)— (a2, (O, <)) (bzl b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
Ebi, D/)b)ﬂ (b? IED( ; )))) (ne, a/b) —> (ne, (CJ, <))
ok, a/b) — (ok, (a/b, <
ok 1) s (ao. (0 )] (ne,0) — (qr, (0, 2))




Tjuringa masina

Q: a
a
O /"
(g0, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) kO
(g0, b)— (b1, (L, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
O R 5
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (0, 5 )) (ne,0) — (gr, (0, 2))




Tjdringa masina

Q: a
;
a I
q0, 0)— (ar. (1, 2))
(a2, a)— (ok, (0, <))
,a)— (a1, (O, >))
22, b)— (bl, (@, >)) 2, b)— (ne, (O, <)

(a
1 (a
a1, a/)b)—(> (al(, (a/b, ))D ) (b
a1, O)— (a3, (O, « '
bi, a/b)s (2b1’ (a/b, ) EEQ b)— (ok (D <)
b1, D)—> (bz, (D, < )) (n
ok, a/b) — (ok, (a/b, <)) (
ok,d) — (qo, (O, >))

2
e,a/b) — (ne ( . <))
ne,0) — (g, (0, A))



Tjuringa masina

Q: ok

- >
(90, O)— (ar, (1, &)
ST eameey
o D) 2 Or G 2D e D (ar (1)
(01, 2/0)— (an, Gy, &) 2 D) far (1
(a1, )= (a2 (U <)) (b2, b)—s (ok, (CJ, <))
(o1 2/0)—= 1 (/0 20) (b, 0) 5 (ar, (1, )
(b1, D)= (b2, (H. <)) (ne, a/b) —> (ne, (0, <1))
(ok,a/b) —> (ok, (a/b, <)) (ne7D) L (ar ’(0 ’A )
(ok.[1) — (g0, (0 & )) )




Tjuringa masina

Q: qo
- —

(g0, O)— (ar, (1, 2))

(G0 2)— (@, (0 =) (2 ek
(90, b)—> (b1, (3, >)) (32, 0)— (ar (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok o <))
(b1, a/b)— (by, (a/b, =)) o> By
(b1, B)— (b2, (0, <)) (ne' a/b) — (ne (D <))
Eok,a/b)—>(°ka (a/b:9)  (he 0) — (qr, (0, A))

ok,d) — (qo, (O, >))




Tjuringa masina

Q: qr
1

) 7
(90, O)— (ar, (1, 1))
(@0.2)— (0 &) 2 ) O
(g0, b)— (b1, (0, >)) (32, 0)— (qr (£ A))
(a1, a/b)— (a1, (a/b, >)) (b2, a)— (ne, (O ,<1))
(a1, O)— (a2, (O, <)) (b2' b)— (ok D’ <))
(b1, a/b)— (b1, (a/b, >)) (bzl 0)— (q; (’ A))
e O R 5
ok, a/b) — (ok, (a/b, <
ok ) — (a0, (0, 5 )) (ne,0) — (gr, (0, 2))




Liela O pieraksts

e Raksta f(x) = O(x¥), ja eksiste pozitiva konstante C tida,
ka visiem x > xp izpildas sakariba:

F(x)] < C-[x].

e Piemérs: f(x) = 6x* — 2x3 + 5.
Paradisim, ka f(x) = O(x*). lzvélamies par xo = 1. Tad
|6x* — 2x3 + 5] < 6x* + [2x3| + 5
< 6x* + 2x* + B5x*
< 13x%.

e Kad runa par algoritma sareZgitibu pienemts noradit
mazako no klasem, kam tas pieder.



sarezgitibas klase P

e SareZgitibas klasei P pieder visi algoritmi, kas pieder kadai
no Sim kopam:

o Eksisté algoritmi, par kuriem varam pateikt, ka to

sareZgitiba ir starp kadam no Sim divam klasem, piem.,
O(n) € O(nlogn) € O(n?).
Piemeri:
@ Divu skaitJu saskaiti¥anas algoritms pieder klasei O(n).

@® Simetrijas atpazi¥anas algoritms (TM ar 1 lentu) pieder
klasei O(n?).



sarezgitibas klase NP un NP-pilnas
problemas

e Ir daudz problemu, kuram nav
zinama “vienkarsa”
(polinomiala) algoritma
eksistence.

e Klase NP — problemas, ko var
“vienkarsi" parbaudit.

e NP-pilnas problemas ir
sarezgitakas no NP problemam.




NP-pilnas problemas piemeérs

att.: Mugursomas sapakoSanas problema



Saikne starp P un NP klasem

NP-sarezgita



Saikne starp P un NP klasem

1=

NP



1. uzdevums

1. Uzdevums

Konstrugt Tjidringa masinu, kas saskaita divus vienada garuma
skait|us, izmantojot tikai divas lentas. Par pamatu var izmantot
programmu, kas saskaita izmantojot tris lentas.



1. uzdevums

Likumi saskaitianai ar tris lentam:

® (q0,n,00) — (qo, (n, ), (0, 2), (1, 2))
qo, +,00) — (a1, (+, ), (0, 2), (0, 2))
g1, n,0) — (g1, (n, =), (n, ), (0, >))
q1, 0, 0) — (a2, (1, <), (0, 2), (1, 2))
g2, n, 1) — (g2, (n, <), (0, 2), (L, 2))

o (
(
(
(
(g2, +,0) — (g3, (+, <), (0, <), (0, <))
(g3, n,m) — (g3, (n,
(
(
(
(
(

®® 60000000600

) (n, <), (m, <), (n+ m, <))
g3, n,m) — (qa, (n, <), (m, <), (n+ m— 10, <))
qa,n,m) — (g3, (n, <), (m, <), (n+ m+1,<))
qa, n, m) — (qa, (n,<0),(m, <), (n+m—9,<))
g3, ) — (qF?(DvA)v(D7 A)a(D7A))
q4,D 0) — (gr, (. 2), (5, 2),(1, 2))



1. uzdevums — atrisinajums

Atrisinajumu raksta nevis uz tresas lentas, bet pari otrai.

Q g3
1|75 +13|9]3
5 L 7
31913




1. uzdevums — atrisinajums

Atrisinajumu raksta nevis uz tresas lentas, bet pari otrai.

Q g3
1|75 +13|9]3
7\J
31918




1. uzdevums — atrisinajums

Programma, kas saskaita izmantojot divas lentas izskatisies
sekojosi:

® (g0, n,00) — (g0, (n,>), (0, 1))

® (qo.+.0) — (a1, (+.1>), (0, 1))
(q1,n,0) — (a1, (n,>),(n,>>))
(q1,0,0) — (g2, (0, <€), (0, 2))
(g2, n,0) — (g2, (n. <), (0, 1))
(g2, +,0) — (g3, (+, <), (8, 2))
(g3, n,m) — (g3, (n, <), (n+ m, <))
(g3,n,m) — (qa, (n, <1), (n+ m — 10, <))
(qa,n,m) — (g3, (n, <), (n+ m+1,<))
(qa, n,m) — (qa, (n,<),(n+m—9,<))
(g3,0,0) — (gr, (O, 2), (0, 2))
( (©c

4,0,0) — (gr, (0, 2), (1, )



2.uzdevums

v =

2.uzdevums Dota Tjuringa masina ar 2 lentam un $adu likumu

kopu:

N N N N N N N N~~~
e N R s R R R e R R

—

.~~~ o~~~ o~ —

N N e e N N S e e

N N S e N N S N N N

N N N N N N N~~~

1111111111

N N N e e e N N N N




2.uzdevums

N N N N N N N N~ A~ TN
o~ o~~~ o~~~ o~~~

(((((((((((

)))))))))))

— N e e e e N e e

— N N N e N N N N

N N N N N N N N~ A~ TN

— O N N N N N N N




2.uzdevums

N N N N N N N N~ A~ TN
o~ o~~~ o~~~ o~~~

(((((((((((

)))))))))))

— N e e e e N e e

— N N N e N N N N

N N N N N N N N~ A~ TN

— O N N N N N N N




2.uzdevums

N N N N N N N N~ A~ TN
o~ o~~~ o~~~ o~~~

((((/l\(/l\(/l\((

)))))))))))

— N e e e e N e e

— N N N e N N N N

N N N N N N N N~ A~ TN

— O N N N N N N N




2.uzdevums

N N N N N N N N~ A~ TN
o~ o~~~ o~~~ o~~~

((((/l\(/l\(/l\((

)))))))))))

— N e e e e N e e

— N N N e N N N N

N N N N N N N N~ A~ TN

— O N N N N N N N




2.uzdevums

Ko uz 2. lentas izvadis Tjlringa masina, ja uz 1. lentas ievadits
skaitlis:

o 20

® 121

© 2135

O vispariga gadijuma? (Kadu algoritmu Tsteno dota Tjuringa
masina)



2.uzdevums — atrisinajums

Dota Tjuringa masina atlikumu, ko dod ievaditais skaitlis, dalot
ar Cetri. leverojam, ka

e Pe&c dalamibas pazimem — skaitlis, dalot ar 4, dod tadu pasu
atlikumu, kadu dod skaitlis, ko veido ta pedgjie divi cipari.

e Ja skait|la pedgjie divi cipari veido skaitli ab, tad dotais
skaitlis, dalot ar 4, dod tadu pasu atlikumu ka skaitlis:

2-a-+b.



2.uzdevums — atrisinajums

Tapec
e ar stavok|a qp palidzibu tiek atrastas skait|a beigas;

e ar stavokli g; tiek noteikts, kadu atlikumu dod pedgja
cipara veidotais skaitlis;

e parejot uz stavokliem @, g3, g4, g5 més “paturam prata”
pedgja cipara veidota skait]a atlikumu, dalot to ar 4
(attiecigi — atlikums 0,1,2,3);

e Esot kada no stavokliem go, g3, g4, g5 un attiecigaja laika
momenta redzot priek3pedgjo ciparu (ja tada nav — redzam
tukdumu), izvadam attiecigo atlikumu.



	Ievads

