Eiocaywyn oThv
EmioTAun Twv YmoAoyioTwy

3n evoTnTa:
AuTtopara kar Tutikéc pappaTikEC

EBviké MeTodpio TToAuTexveio



AuToparda

« Tpomo¢ kwdikoToinon¢ aAyopiOuwy.

« TpOTTOC TTEPIYPAPAC OUCTNHATWY TTETTEPAOHEVWYV
KATAOTAOEWV:
2 UOTNUATA TTOU £X0UV ECWTEPIKEG KATATTATEIG Kal
npomeoplousvo TPOTIO HeTAPAoNg amo Hia katdoTach

oe dAAn pe paon Thv TpE€xouoa KATAoTAoN Kal TNV
eiogodo (ouvnBwc evépyela kamoiou Xphotn). Mtopei

va £xouv Kai £€odo.

+ Epappoyéc os TARBOC €MIOTAHOVIKWY TTEdiwyV



TTapadeiypa: TwAnTAC Kagé (i)

TTpodiaypawéc
- AUo €idn kapé: eAANVIKOC R ppévTo.
- Koéotoc kapé: 40 Aemrra.

- Emitpémovral képpara 10, 20, A 5O AemrTwy.



TTapadeiypa: mwAnTAc kagé (ii)

2.xediaon Tou CUOTAHUATOC

- EowTrepikég karaotdoeic: qO, ql, g2, g3, q4, g5
(qi: ekppaler 0TI €xouv 000¢i uéxpr oTiyung 10%i
AeTtTd).

- TTiBavéc cicodoi (evépyeiecg): P1, P2, P5 (piyn KéppaTog
10, 20, h B0 AemrTwv), K1, K2 (TTatnpa kouptiov 1 yia
eAANVIKO Ka@E, A 2 yia ppEVTO).

- TTi@avécg é€odot:
(=1 ekppaler 0TI emoTpépovTal 10*i Aemrta),
(Trapoxn eAANVikoU ka@é), P (TTapoxn ¢pévTo).



TTapddeiypa: mwAnTAC Kawé (iii)
livakac¢ kataoTtacewyv: OgiXVvel Trold ival n eTTOHeEvVN
kardotaon kai n €€odo¢ yia kdBe ouvduaopd TpExouodac
KATdoTaong Kai £10000u. ApXIkh katdotaon: qO0.

9 P1 | P2 P5 K1 K2

Kardor.

qO0 | ql.- | 92,- | 44, q0, - | q0,




TTapadeiypa: mwAnTAc Kapé (iv)

Aidypappa kataoTdoswv: TTapéXEl TIC id1EC TTANPOYOPIEC
HE TOV TTivaKd KATAOTACEWYV HE TIIO ETTOTITIKO TPOTIO.
ApxIkA katdotaon: qO (onpeiwveTal pe PEAOG).




AuTtopaTta (i)

‘BEva autopaTo €Xel HEPIKEC EOWTEPIKEC
KATaoTaosIC ¢y, ¢, ¢, G5, -.. , KAl HiA ouvdpTnon
uetapaonc 6 Tou kaBopilel Thv eTTOHEVH
KATAOTAON TOU AuTopdTou e pdon Thv Tpéxouod
KaTtdoTtaon Kadi Thv cuppoAoaccipd €10000v.



AuTtoparta (ii)

- Mnxaviopoi: xwpic cicodo - £€0do.
a(q/) - qj
EKTEAEON: Gy 5 7/ k> T - - -

+ AuToOpaTa memepaopévwy kKartaotdoswy (FSA): pe
£10000 TTOV YiVveETAl ATTOOEKTA K ATTOPPITITETAL.

6(g;. a) =g,
(a civai éva améd Ta oUppoAa TG €10000V)
eKTEAEDON: efapTdTar amd Thv 0000



| lapadeiyua FSA vyia
avayvwpion mTepITTwy oudodIKWwy

apqleuu'uv

* gp: TO TeAeuTaio Yyneio Tou d1aPpdoTNKE €ival

didpopo Tou 1.

* @' To TeAeuTdio ynyio ou d1aPdoTnke givail ioo
ue 1.

* N ¢ €ival ApXIKN KATAOTAON EVW N ¢ Eival
kartdotaon amodoxn¢ (N TeAIKA).




LoxupoTepa autouara

« Mnxavéc memepaopévwy kartaotdoswyv (FSM): eivai FSA pe

€¢odo:  6(g;, a)=(g; . B)

» Autouara otoipac (PDA, pushdown automata): €xouv oAU
TEPITOOTEPEC OUVATOTNTEC KABWC éxouv VAN (o€ Hopwn
oToipac).

Mnxavég Turing (TM): €xouv akoun TEPIOCOTEPEG
duvaToTnTeC KABWC €xouv atmepiopioTn HvApn (os popph
Taiviac).

Mpappika meploptopéva autopata (LBA): eivar TM pe pvAun
TTEPIOPIOUEVN YPAUHIKA WCE TTPOC TO HAKOC ThC €10000UV.



AUTOUATA KAl TUTTIKEC YAWOOEC

* TUTKEC YAWOOEC: XpNolHoTToloUVTdl Yid ThY
TTEPIYPAPH UTTOAOYIOTIKWY TIpoPANHATWY aAAd Kal
vyAwoowyv TtpoypappaTiopou.

- AuTopara: Xphoigelouy yid Thv avayvwpion
TUTTIKWY YAWOOWV Kdl yid ThV KatdTtain Tng
OUoKoAidC TwV avTioToiXwyv TpoPANHATWV.

» KdBe autopaTo (Xxwpic £€0d0) avayvwpilsr pia
TUTTIKA YAWOOA: 7o oUVoAo Twv oulfBoAoceipwy mTou
TO 00NYyoUV O€E TEAIKH Kardoraon.



TuTkEC YAWOOEC

[Mapadetyuata (ue arpafnto X = {a,b}):
o Li={weX*|wapylle yue a}

o Ly={weX*|wnepéye Luyd apbud and a}

o Ly={we X*|w elva nohvdpouxsh }



Opiopoc DFA

Opioubg 3.3.1. Tumxd eva DFA elvar ula nevtada M = (Q, X, 4,q0, F),
4TOV:!

e () £vV0 TMEMERAOUEVO OUVOAO ATO HATACTAOELS,
o X éva ahpdfnto eroddou (X NQ = 0),

o 0: () XX = Q: nouvdptnon uetdfBaaong,

e ¢y € Q! 1 apyweh xatdotaom,

o F C (}: 10 aOVOAD TWY TEAXOY XATAOTAOEWY.



TTapadeiyua DFA

Hapéderyua 3.3.2. Ly ={w € X* | w apylle ané a}

Jo g : a,b a b

, b Qo | 91 G2

ALG Yoo [Tivaxoc:
YRR ; @
@0 a.b wle o

XpnoULoTOLOUUE EVay ETLTAE0V XUXAO Yid vo SelEOUUE TIC TEAMXES XATATTACELS.



TTapddeiyua yAwooac pe DFA
kal yAwaooac xwpic DFA

Mopdderypa 4.3.3. Lo = {w € X" | w neptéyet dptio mArffoc and a}

a | a b
b (@) (Db @ 9o
a g1 | 90 1

Mapdderypa 4.3.4. Ly = {w € X* | w noAlvdpour aptiov ufxouc}, dnha-
5 Ly = {wwf | we X* wh = avtlotpogn e w}. Aev undpyer DFA rou
arodéyetal v L.



EmékTaon opiopol ouvdptnonc & DFA

AéxeTal we opiopara pia katdoTaon q Kai pia cupgpoAoceipd w
kai divel Thv KAaTdaoTaon 6Tou Ba Ppedei To auToparto av
¢EKIVAOe! amd Thv g Kai diaPpdael Thv w.

Optowdg 4.3.5. 8 : Q) X X* — () 6nou

6(q,2) = q
b(q, wa) = 8((¢, w), a)

O 7o Tdvw oplouog elval avadpouLlxog, 1), TLo CUYXEXPUUEVA, LVOL 0PLOUOC
oOUOPWVA UE TO OYNUA TNC TOWTALYIXNS AVAOLOUTIC.



TAwooa amodekTn amo DFA

Oplowdg 4.3.6. 'Eyovue:
e 'Eva DFA anodéyetal to string w € X* avv 8(qo, w) € F
e 'Eva DFA M anodéyetal tn yhdooa L(M) = {w | 5(qo, w) € F'}
e H yidoou L Aéyetor xavovixr (regular) avy 3 FA M: L = L(M)

‘Aoxnon: Acléte 6t 6(q, uv) = 6(8(q, u), v), 6mou u, v € X*.



Mn vTETEPUIVIOTIKA
nemepaocpéva autoparta (NFA)

o NFA: un vrertepuiviotind rnerecpaouévo autduaro. e xdbe uetdfaon
UTEPYEL ETLAOYY TNG EMOUEVYNE XATAOTAOTNS ATO VA GUVOAO THAVGDY VO-
ULV XATAOTACEWY.

o NFA.: un vretepuiviotixé nencpacuévo autouato ue e-xivioeis. To
TEMEPUCIEVO AUTOMATO EVOEYETOL VA AAAACEL TNV HXATAOTACY) TOU YwplS
VoL METOXLVELTOL 1) XEQAAY) TNV TVl ELOOSOU.



TTapadeiypa NFA

IMoapaderyua 3.3.7. NFA v Ly := {w € X* | w neptéyet Vo ouveybusva a}t

a b
b E@D——@—"—@¢ 5 |'Ty T
{e:} {e}

‘Evac unoioyiouds oe éva NFA 3ev elvar anide pla yoouuseq (vouun)
axohoubla xaTaoTdoswyY, ARG éva unodoytotixd 8€v8po (xdBe xA&dog slvan
ula véuun axoioubia xataotdoswy).

To 3¢vdpo UTOAOYLOMOU YLX TO TARATEVW Tapddetyiua yio elcodo aabaa:

do
a a
do d1
a a a
do a1 d2
b |6 b
do ) d2
a/ N" a
do d1 d2

H ocuuBoroosipd aabaa yvivetar anodexty|, enetdf Undpyel TOUALYLGTOV Eva VO-
LILLLO JLOVOTATL OV TV ATOOEYETAL.



Tumikoc opiopdc NFA

2T UY) VIETEGVIOTLXE autduaTa, Yo xdbe eloodo xaL xatdotaoT, Unopel
va umdpyel xauula, ula f ToAAES TOAVES endueves XATAOTAOELS. AUTO eXQpd-
Zetal otov oplouo evoc NFA and 1o yeyovdg 6t n auvdptnorn uetdfBaong o
£yer we tedlo Ty 1o Suvauocivolo tou ¢ (Pow(Q).

o 3 £Va METMEPACMEVO AAQABNTO £L0b6d0U,
e §:Q x X — Pow(Q): n ouvdpgtnor uetdffaong
® ¢y € Q: M apy) XUTACTACT ML

o I'C (¢): TO0 0UVOAD TV TEALUDY HATACOTAOEWY.



TAwooa amodekTh amo NFA

Opiowog 4.3.12. 'Eyouue:
e 'Eva NFA arnodéyetal o string w € X* avv 8(qo, w) N F # ()

e 'Eva NFA M anodéyetar tn yhdooo L(M) = {w|d(q, w) N F # 0}

2.npeiwon: n ouvapTtnon O €ival EMEKTETAPEVN WOTE va OEXETAI OaV
opiopaTa gia katdaotaon g kai Hia ouppoAoceipd w kai va divel To aUvoAo
TWV KATAOTACEWV OTToU HUTropei va PpeBei To auToparo av € ekivAoe! amo
Tnv g ka1 diapdoel Thv w.



Tooduvapia DFA kai NFA (i)

Iooduvauia DFA xar NFA. ‘Oneg galvetar and tov oplopd g 0 evog
NFA, éva DFA elvar wa cuntoneplntoon evée NFA. Tlag’ dha autd, ta NFA
OEV MUC TUEEYOUY TEPLOTOTERES OUYATOTNTEG URoAoYLoUoU antd Ot ta DFA.
Autd anodelxyiel 1o TapaxdTw Dedpnua:

Oezdpnua 3.3.13. (Rabin - Scott)
Botw M éve NFA. Tére 3 DFA M': L(M) = L(M)



Tooduvapia DFA kai NFA (ii)

Eotw o NFA M = (Q,Z,q,.F.0).

Eva 10080vapo DFA M'= (Q',Z,9,,F',8"), opileTal wg e€nc:
Q' = Pow(Q), dnAadnh ol kataotdoeic Tou M’ givail 6Aa Ta
UTTooUVOAd KaTaoTdoswyv Tou M.

q0 = {q0},

F'={Re Q' | RnF zJ}, dnAadn wia kardotaon Tou M’
gival TeAIKA av Tepiéxel pia TeAikA katdotaon Tou M.
0'(R,a)={qg Q| qed(r,a)yar e R}, dnhadn &'(R, a)
gival To oUVOAO TWV KATAOTACEWY OTIOU UTTOPEi va

PpeOci To M EekiviuvTac amd oToIadATTOTE KATAOTAON
Tou R ka1 diapalovrac a.



TTapadeiypa petatpomhc NFA oe DFA (i)

NFA yia Th yAwooa L, ("2 ouvexopeva a"):

a b
. a . a 9 | {90 @1} {q0}
a, b ‘@ @ . (, b q1 {q.l} @
@ {2} e}
Q\X a b
DFA via Tnh yAwooa L ,: 0 ] ]
Y v 4 {CIO} {(Io,(h} {QO}
{a:1} {g2} )
{CI2} {Q:z}
{CJoaih} {QOa(h:(D} {CJO}
m {90, 01,02} {90, 92}
@ {g2} {92}
{90, 91,32} {40, q2}




TTapadeiypa petatpomhc NFA oe DFA (i)

a b
NFA via Th yA\ooa Lyt o0 C@)——@——@Dar 0|0 )
{q2} {a2}
Q\X a b
] ) )
DFA via Tn yAwoaoa L,: J {ao} {o. a1} {a}
{a1} {g2} 0
{92} {a2}
{490, 1} {900, a1, ¢} o
{0, a1, 2} {20, ¢}
w {g2} {g2}
{90, 01,02} 140,42}

(1
@@ .. b

{I



TTapadeiypa petatpomhc NFA oe DFA (i)

a b
NFA via Th yA\ooa Lyt o0 C@)——@——@Dar 0|0 )
{Q'-z} {fi'z}

Q\X a b

) ) )

DFA via Tn yAwoaoa L,: J {ao} {o. a1} {a}

{q1} {q2} 0

{QQ} {QQ}
\/ {QO,Ch} {QOa qi, QQ} {QO}

{90,91,0}  {q0, ¢}
a2 {a2} {a2}
{00, 01,2} {q0, 00}

(1
@@ .. b

{I



TTapadeiypa petatpomhc NFA oe DFA (i)

a b
NFA via Th yA\ooa Lyt o0 C@)——@——@Dar 0|0 )
{Q'-z} {fi'z}

Q\X a b

) ) )

DFA via Tn yAwoaoa L,: J {ao} {o. a1} {a}

{q1} {q2} 0

{QQ} {QQ}
\/ {QO,Ch} {QOa qi, QQ} {QO}

{90,91,0}  {q0, ¢}
a2 {a2} {a2}
v {00, 01,2} {q0, 00}

(1
@@ .. b

{I



TTapadeiypa petatpomhc NFA oe DFA (i)

a b
NFA via Th yA\ooa Lyt o0 C@)——@——@Dar 0|0 )
{Q'-z} {fi'z}

Q\X a b

) ) )

DFA via Tn yAwoaoa L,: J {ao} {o. a1} {a}

{q1} {q2} 0

{QQ} {QQ}
\/ {QO,Ch} {QOa qi, QQ} {QO}

\ (1905 @2 {0, 91,02} {40, a2}

<>
w {g2} {g2}
v {90, 01,02} 140,42}

(1
@@ .. b

{I




TTapadeiypa petatpomhc NFA oe DFA (i)

a b
NFA yia Tn yAwooa Ly: b Q@——@)——@D a.b i {qﬁ;ff} Tao
{2} {g2}
Q\X a b
% & &
DFA yia Tn yAwaooa Ly Vol twa}  {a)
/fwh fgo) [

\/ {QO Ch} {QOaQMQQ} {QO}

N {90, 01,02} {q0, 9}
s 1425 1425

v {90, 01,02} {40, 2}

(1
@@ .. b

{I




AuTtopara pe e-kivioeig: NFA,

Ta un vreTepuivioTIkd autépara pe e-kivioeig (NFA,)
ETITPETIOUV KAl OpIOUEVEC peTapdoelc Xwpic va diapaleTal
ouppoAo (1008Uvaua: pe €icodo To KeVo string €). AmodéxovTal
TIC oupPoAooeipéC TTou HTTopoUV va oONYAoOUV 0c TEAIKA
KATdoTaon, XPNoIHOTIOIWVTAG EVOEXOHEVWCE KAl £-KIVAOEIC.

Mopddetyua 4.3.15. NFA, vy Ly := {a*b*} = {a"b™ | n,m € N}

b £

a (0 y— -.b @ {0 {ew.a}
@ 0 {a:} {a1}




Tumikog opiopdg NFA,

(J: €va TEMERUOUEVO GUVOAD ATO XATACTAOELC,

2/ €YU TETEPACUEVO AAQPALNTO ELadd0V,

§:Q x (XU{e}) = Pow(Q): 1 ouvdptnon uetdBaonc
go € Q1 7 apywe xaTdoTAoT) X

F C Q: 10 gUVOAO TWY TEAXOY XATAGTAOEWY.



"Awooa amodekTh amo NFA,
OpLouog 4.3.20. 'Eyouvue:
e 'Evo NFA, anodéyetol to string w € X* avv 8(qo, w) N F # ()

e 'Evo NFA, M anodéyetatl tn yhdooo L(M) = {w|d(qo, w) N F # (}

2. nueiwon: n ouvapTthon 0 €ival EMTEKTETAPEVN WOTE va OEXETAl
oav opiopdard gid katdoTtdon q Kdi Jia cupgPpoAoosipd w Kai va
divel To oUvVoAO TwV KATAOTAGEWY OTToU pTTopEi va Pppedei To
auTouarto av {ekivioel améd Tnv q kai diapdoel Thv w,
XPNOIHOTTIOIWVTAC EVOEXOUEVWCE Kdl £-KIVAOEIC OTTOU AUTO
ETUTPETIETAI.



€-KAEiOIHO

Ma va opiooupe Tumika Tnv amodoxh o NFA_, aAAd kai yia va
dei€oupe Tnv 100duvapia pe DFA, xpelalopaoTte Thv £vvold Tou
e-KAgI0IUATOC HIAC KATAOTAONCG g, TTIOU €ival TO OUVOAO TWV
KATAOTACEWYV OTIC OTTOiEC HTTOPEl va TAoE!I TO AUTOHATO
CEKIVWVTAC ATTO ThV q Kal XPNOIHOTIOIWVTAG HOVO €-KIVATEIG.

Optouds 4.3.15. ¢ e-xdelowo: Q — Pow(Q) oplloupe 10

e-xhelowo(q) = {p| ta p npooPdolua and To ¢ LGVO UE E-XLVHOELC |



Tooduvapia NFA_kai DFA

Eotw 10 NFA, M = (Q,Z ,q,.F.0).
Eva 10080vapo DFA M'= (Q',Z,9°,.F',3"), opieTar wg £EAG:

Q' = Pow(Q), dnAadh o1 kataoTdoeic Tou M’ gival 6Aa
Ta UTTooUVoAd KaTadoTdocswyv Tou M.

q o = e-KAgioipo(qy),

F'={Re Q' | RnF zJ}, dnAadn wia katdotaon Tou M’
gival TEAIKA av Ttepiéxel Hia TeAIKA katdotaon Tou M.
0'(R,a)={q € Q| q € e-kAciaipo(3d(r, a)) yia r € R},
dnAadh &' (R, a) cival To oUvoAo Twv KATAOTACEWY OTTOU
utopei va ppeBei To M EekiviuvTac améd oToIddATIOTE

kataotaoh Tou R kai diapalovrac a Kai
XPNOIHOTIOIWVTAC OTh OUVEXEID E-KIVAOEIC.



TTapadeiypa icoduvapiac
NFA, ka1 DFA

NFA, vy Ly (dnhadr) “by. SVo ouveydueva a”):

£,a

(W—@

b

a
DFA vio Ly: b @ - »@:) a, b
b



EAaxioTomoinon DFA (i)

- AUo kaTaoTdoeI¢ umopoUV vd cuyXWwVeUTOUV O€
via av:
gival kai o1 0Uo TeAIKEC R Kal o1 OUO KN TEAIKEG, Kal
odnyouv pe Ta idia cuuPoAa oe idieC KATAOTACEIC.




EAaxioTomoinon DFA (ii)




EAaxioTtomoinon DFA: mtapddeiypa
ApX1k6 DFA:




MéBodoc eAaxioTomoinonc DFA

- ECaAcipoupe TIC AMPOOITEC KATAOTACEIC
* 2 NUeIwvoupe we diakpioipec OUO KATAOTACEIC
av.
- N Hia eivair TeAIkA evw n aAAn oxi
- odnyouv e éva N TeplocdTePa oUPoAa oe
diakpioipgec kataoTdoeic (PA. TapakdTw yia
avaAuTikn H€B0do)
+ 2uyxXwveloupe 1000Uvapec (= pn diakpioipeg)
KaTaoTdoeic.



H péBodoc¢ avaAuTikd

Kataokeudloupe Trivaka yia va ouykpivoupe kdBe
(eUyoc¢ kataoTtdoswyv. Baloupe éva X oe kaBe Oéon Tou
Tivaka KaBe popd mou avakaAUumToupe 611 dUo
KaTaoTdoeic Oev gival 1000UVAEC.

ApXIKd eyypdgpoupe X oe 0Aa Ta {euyn TTOU TIPOYPAVWC
dlaKkpivovTal yidTi n Hia gival TeAIKA Kai n dAAn dev eivai.
MeTd mpoomaBoupe va doupe av diakpivovTal oUo
KaTtaoTdoeig, 010TI amd auTéC pe Eva ocuuPolo a
odnyoupaoTe o€ OIAKPIOINEC KATAOTACEIC.

EmavaAapupdvoupe Tnv o Tavw TpooTddeia WoTou vd
unv poaoTiBeTal kavéva X Tia oTov Tivaka. Td
uttoAoitta (euydpia ivai pun diakpioipa, OnAadn
10odUvapa (Kail eTopéVWE ouyxXwveloipa).



TTapdadeiypa epappoync tng pueodou (i)

IHogddetyuax 4.3.30. 'Eotw Tto autouato M mou ©olvETAL 0TO GYTIUN, TO
\ L [y 9
omolo anodeyeTal TNV YA®ooa L = 0710%.

Y10 mivaxa ol delxteg 1 xau 2 tou X Oelyvouv og o enavdindn eyypd-
pouue T0 X.

OISR,
2%
2




TTapadeiypa epappoync Tne peBodou (ii)

IOICIOR,
e
e

XQ XQ, Xl Xl Xl
a|b|©]|@

Tehwxd ol LloodUvaueg xataotdoelc elvar a = b, c =d = e.
To eldyLoto aUTOUATO PULVETAL OTO TUEAXATW CY UL

[] U 0,1
D=0
_},




AAAo Ttapddeiyua
eAaxioTomoinonc DFA

DFA via Tnh yAwooa
Lo={we{aby | w mepiéxel 2 ouvexopeva a}:

b

(
b - b
a

a

Ehdyioto DFA vy Ly: b a a, b
b




["Awooec, auTopaTa, YPAHHATIKEC

« TUTIKEC YAWOOEC: XphothoTtoioUvTdl yid ThY
TTEPIYPAPRA UTTOAOYIOTIKWY TtpoPAnudTwy aAAd
Kdl YAWOooWwV TipoypapHaTiopou.

- AuToOpara: Xpnoigeuouy yid Thv avayvwpion
TUTTIKWY YAWOOWYV Kdl yid ThV KatdTtain Tng
duokoAiac Twv avTioToixwy TpoPpAnudTwy. Kdde
autopaTo (Xxwpic £€€000) avayvwpiler Hid TUTIIKA
vyAwaaod.

* TUTTIKEC YPAUUATIKEC: AAAOC TPOTIOC TTEPIYPAPNC
TUTTIKWY YAwaoowyv. KaBe TUTTIKA ypaupdTIKA
TaodyeEr Hid TUTIIKA YAwooa.



TuTkEC YAWOOEC

- TlpwTtapxikéc évvoleg: auupoAa, tapdaBeaon.

- AApdpnto: memepaouévo ouvoAo cuppoAwy. TT1.x. {01},
{x)y.z}, {a,b}.

- AéEn (n ouppoAoocipd, R TpoTAON) VOC aA@aPAToU:

TETTEPAOHEVOU HAKOUC akoAouBia cupPpoAwy Tou
ahpaphtou. TT.x. 011001, abbbab.

|w| = phkog Aégng w.
£ = KEVA AECN.
vw = TTapa@eon AéCewv vKkal w.

AMeg évvoleg: TpdBepa (prefix), kardAnén (suffix),
uttoouppoAoaceipd (substring), avriotpopn (reversal),
TtaAivopoiki i kapkivikA (palindrome).



Tumkég yMbooec (ouv.)

IoyGouv e = ex = T Yo Gha ta strings  xau |¢| = 0. To string z* uropet
VO OPLOTEL UE TPWTARYLXT] AVASQOUY:

¥ =¢

$;’<:—|—1 _ Tk’]“‘

Optowdc 4.1.1. Av X elvan €va ah@dBnto tote X* elval 10 0Uvoro OAwY TV
strings and to L. M yAdooo L and to X dev elvar mopd xdroto unocivoho

Tou X",



| lapadeiyya ypayudTikng via
Thv YAWOOd TWV TTEPITTWY

sapJQuiv
X->XO0

X=> X1

X—=>¢

S: 10 dpXik6 cuppoAo

X: Un TepUATikO auppolo
0,1: Tepuarika oUppoAa
€. n kKevh ocuuPoAoocipa

Ta S kar X avtikaBioTavral pe pdon Toug KAvoveg

Kavovikn mapdoraon: (O+1)*1



Tumkég ypappaTikég (i)

Oprouds 3.2.1. M tumixr ypauuatixy G anoteieltar ano:
e £va ahgdfnto V and un tepuatixnd oluPoia (uetaAntég),
e £va ahgdfnto T and tepuatind olufola (otabepés), Tw. VNT =0,

e £va TENEQPUOUEVO aUvoro P and xavdves napaywyrc, OnAadh Satetay-
uéva Leiyn (o, 8) énov o, B e (VUT)* xar a# ¢
(XuuBaon: yepdoouue a — 8 avtl v (a, 8)),

e éva apyixé ouufolro (f atloua) S e V.

20uBaon v TN ¥eNon YEAMMATOD V!

a b,cd,... €T

ABCD, . €V

Z,Y, L, W, V,U,... €T
a,B,7,6,...e (VUT)*



Tumikég ypappaTikég (ii)

Yoviunorn: [pdoovue a — 8| v | § wg éva xavéva oto P avtl yia Toug TpeLg
xovéveg a — B, a« = v, « = 6 ato P,

OpLouds 3.2.2.

o Ague 61 10 Ny mapdyel TO Y1 8v2 xon TO ouUfBoAllouue HE Yiarye =
Y1872, av 0 @ — G elvar xavévag napayeyhs (dnrady (a, ) € P).

o YuuBoiiZouus ye = To avaxhaotxd, uetaBatind xrelowo Tou =, dr-
Aadh @ = B (ue Aoy «to a Tdpdye. To S») onualver dT undpyel
axoloubla: @ = a1 = ay = - ap = 5.

o Q¢ yvAdooa rmov rapdyetal and tn yeauuatixh G optlovue v L(G) =
{weT*|S=wh

o Avo ypauuatixéc Gy, Go ovoudlovtar tooduvaues av L(G1) = L(Gs).



TTapadeiyua TUTIKAG YPAHHATIKAG

G:V={S}, T={a,b}, P={S — ¢|laSbh}
TTiBavn akoAouBia Tapaywync:

S = aSh = aaSbb = aaaSbbb = aaabbb

["AWwooa 1Tov TtapdayeTai:

L(G)={a"b" | n € N}



Lepapxia Mpappatikwy Chomsky (i)

O Noam Chomsky (1956) ta&ivounoce Tic TUTXES YPUUUATIXES OF UL LE-
capylo 6UUEWYA UE TOV TUTO TV XAVOVODY TORAYOYHS TOUC:

tOrou 0: yevixée ypauuatixéc (general, phrase structure, semi-Thue). Mogp-
) XAVOVLY TALAYWY NS o — F, o # €.

tOmou 1: ypauuatixée ue ouugealéueve 1 povotovxéc (context sensitive,
monotonic). Mopoh: o — 3, 6nou |a| < || (uropel entniéov va ent-
TpénetaL S — £)

TOmou 2: ypouuatixéc ywpls ouugpealiueva (context free). Mopgr: A — a,
omouv A eV

TOov 3: xavovixéc ypoupatixéc (regular). H popopr tov xavévey mopayw-
Yhc touc elvar delwoypauuixr: A — w, A — wB 1 aptotepoypauuLxi:
A—w, A— Bw,bémovweT*, A BeV.



Lepapxia Mpappatikwy Chomsky (ii

Onwc Ha Sovue o1 cuveEyeLla, auTh elvol pLo yvhioLa Lepdpynor, dniadh Loy vel
Tunou 3 C tumou 2 C tinou 1 C tuTou 0

Ov yAwooeg tonou 0, 1, 2, 3 unopolv va avayvemploTouy ond duTOUATE TOU
éyouvue HOn oulnthcel: and unyavéc Turing (Turing Machines - TM), ypoyu-
uwd reploptopéva avtéuata (linearly bounded automata - LBA), autéuata
otoifac (push down automata - PDA) xou avayvoplotéc Tenepaouévony xo-
taotdoewy (finite state acceptors - FSA), avtiotouya.

H fewpla auty, elvor Wraltepa yphiowun ota e€vc edlo: Wngraxr YXyedlaon,
I'hdooeg Lpoypauuatiouol, Metayiwttioteg, Teyvnt Nonuooivr, Oswpla
[Tohumhoxotntac x.0.x. lotopwd onuavtixol epeuvntéc: Chomsky, Backus,
Rabin, Scott, Kleene, Greibach, ».o.



Kavovikéc TtapaoTaceic
(Regular Expressions)

Oploudg 3.3.24. Eotw L, Ly, Ly yAGooeg enl tou (dtou aigafftou X,
o LiLy:={uv|u€ L Av € Ly}: napdbeon

o LiULy:={w|we€ L VwE Ly} évwon

o Linly={w|we€ L Aw € Ly}: Touh
o L0:={eg}, " = LL"
o L*:={J" L™ 4otpo tou Kleene

o LT =", L"



Op1oHOC KAVOVIKWY TTdpdaTAGEWY

: maptotdvel 1o xevh 6UvVOLO!
£: TAPLOTAVEL TO {&}
a: ToploTdveL To {af, 6nou a € X

(r 4+ s): maplotdver To RU S, 6nou 1, 5 XAVOVLXES TAPUGTAGELS TTOU TOPLOTE-
vouv ta f2, S aviioTolywe

(rs): mapotdvel o RS, 610U 1, § XAVOVLXES TUPUOTAGELS TTOU TAPLOTAVOUY TU
R, S avtiotolywe

(r*): maplotdvel o R*, 6mou 1 xovovixy| TopdoTaoT Tou TaploTdveL To K.



TTapadeiypata kavovikwy TtapaoTdocwy

ouPaon: Mnopolue va neploplooule TLg TUapevlEaeELS dy Y pNOULOTOVACOULE
Y axOA0UEY) TEOTECAITNTA TWY TEAECTOV: *, TapdbeoTn, Evwon.

[Tapdderypa 3.3.26.

Li =a(a+b)*

Ly = (b"ab”a)*b"

L3 dev elvan Suvatdy va napactabel ue xavovixh napdotao

Ly = (a+b)*aala + b)* (TouAdyrotov dU0 GUVEYOUEVX a)
Ly = (a+¢)(ba+b)* (6, ouveybueva a)

L« =a™b”



Tooduvapia kavovikwyv
TTAdpAoTACEWY KAl AUTOHATWY

Ocopnua 4.3.28. Mia yAdooa uropel va rapactaliel ue xavovixih rapd-
otaon avy L = L(M) yia xdrow rerepaouévo autouato M.

[6éa andoerlns.

= Enaywyn otny dour| tne xavovixrc mopdotaons. ‘Eotw r 1 xavovixn
TR OTAOT,.

1. Enaywywy) Baon:

fr:s:_p; T:@: v r=aci: aj



2. Emaywyiké paua. Eotw o611 yia rl, r2 éxoupe
autopata M1, M2, pe TeAikéc kataoTdoeic 1, f2:

[leplntwon a: 7 =11 + 75

L(M)=L(M,)UL(Ms,)

Iepintwon B: 7 = rirs

—%. H. .] L(M) = L(M;)L(My)

[Iepintwon v:

J L(M)=L(M,)"

N~—

/"”f—_—\"\
M 1
&



Tooduvapia kavovikwy TapdoTadgEwV
Kdl autopdTwy (ouv.)

\ <:\ :
KaTaokeun kavoviknc mapdotaong amo FA

ATtaAcipoupe evOIAUECEC KATAOTAOEIC oUUPWYVA UE TO OXAKA:

OO
12 + 713733732

1o
1

J



ITopdderypa 4.3.29. 'Eoto nwe €yovue 1o axdroubo FA:

ﬂapaBelv[Ja - b )
KATAOKEUAC e T
KAVOVIKAC a( (g @ (g3

T[aeC(O'TC(O'nC Enuiéyouue va daypdouue tn xatdoTtacn gz, OTOTE EVNUEROVOUUE TLC
amo FA UETABAOELS TWV JAADY XATAOTACEWV:

Emigyouue va daypddouue tn xatdotaon gz, ondTE EVNUEPOVOUUE Ta

undhoira: ) b+ aa*ab
aa*b @ a + bb

Eniéyouue va daypddouye tn xatdotaon qo:
*6)*(b+ aa*ab
O(aa )*( aaa)a+bb

Telxd, n xavovxy, Ex@paot) Tou TpoxUTTeL elval:

(aa™b)* (b + aa™ab)(a + bb)*



Kavovikéc MpappaTiKEC

O1 KavoVIKEC YPAUUATIKEC €ival YPAUHUATIKEC OTTOU
OAol o1 Kavoveg €ival ThG HOPPAC:
» Ae€ioypappikoi (right linear)
A->wB nA->w
+ ApioTepoypappikoi (left linear)

A->Bwh A-ow
(6mou w cival pia akoAouBia amod TepHaTikd cupuPpoAa TnG yAwaoac)

O1 KavoVvIKEC YAWOoeC eival YAMUOOoEC TToU
TTAPAYoVTdl A0 KAVOVIKEC YPAHHATIKEC



Pumping Lemma (i)

Pumping Lemma. Av ulo yAdooo elval xavovxy) 1ote Ty anodeyeTal £vd
DFA M ={Q, X, 6, q, F'} ue xdnowo auyxexpuévo apfué and xataatdoetc,
cotw n, Snhadf |@| = n. 'Eote ula Aé&n z tou ylvetar anodexth and To
avtduato M xal 1 onola €yer uixog ueyahitepo and n.

Kabog enelepyalduaote 1o 2, 10 autduato wag M npenel va nepdoel Co-
v& and ula xatdotaoy, yatl dev undpyouy teplocOTeEpeS And N HATAUOTAOELS

(apy?) Tou mepLatepdva, pigeonhole principle). 'Eyouue 61Tt €éva uovondt. mou

anodeyetar 10 2 elval to axdioubo:

qo
2 =

df

U

(%

w

@2 @@
L o o \—J i - -
U N~ w

U

To uvw ylvetar anodextd, Onwg enlong xou 1o uw, f) 1o uvvw A yewxd 1o
uv'w v onotodnmote ¢ € N. Aniadf 1o v unopel va enavaingbel doeg Qope

BEhouue.



Pumping Lemma (ii)

‘EoTtw KavovikA yAwooa L. ToTe:

In € N,Vz € L ue |z| 2 n,Ju,v,w e X*:
[z =uvw Aluv|<n Alu|>1AVieN (uvrw € L)]




Pumping Lemma (iii)

‘EoTtw kavovikh yMuooa L. ToTe:

« uTtdpxel €évag pUoIKOC 7 (= TAKOOC KATAOTACEWY TOU
DFA) wore:

- via kaBe z € L ye yAkoc |z| 2 m

* UTTAPXEI «OTTACIHO» TOU Z 0€ U, vV, w, OnAadn
Z = uvw, pe |uv| < nkar |v| >0

« woTteviakaBe 1=0,1,2, ...:
uvw € L



ATo0¢cICNn 0TI Hid YAwaood
dev €ival KAVOVIKA

Xphon Tou Pumping Lemma via va dei¢oupe 0TI pia
(un emepaopévn) yMooa L dev gival KavovikQ:

av n L ATav Kavovikn
TOTE TO PL Aéel OTI uTtdpx el n
eucic pmopoupe va emAéEoups z € L pye pAkocg |z| 2 A
To PL Aée1l 0TI uTtdpx el «omtdoipo» z = uvw, He |uv| < 7 kai
lv| >0
epeic pmopolpe va emAéCoupe | waTe N AéEn uviw va pnv
gival oth yAwooa L
ATOTTO



TTapadeiyua xphong Pumping Lemma (i)

Ocwpnua: H yAwooa
L = {z: z éxe1 Tov id10 apiBuoé amoé O kai 1} dev givai
KAVOVIKA.
ATtodeign:
- 1o PL Aéel 0TI uttdpxer m
- cpeic emAéyoupe z = 0717 L pe pAkoc |z| = 2n2 n

z:900000000...9{11111111..}

n n

- To PL Aée1 611 utdpyx el «omTtdoipo» z = uvw, pe |uv| < A
kai [v| >0



TTapadeiypa xphong Pumping Lemma (ii)

- Ymdpxe! pia povo (ouaiaoTikda) TepitTwon:
w = 0...00...00...0111111111..1
H_H_/\ —~ _/

u \" W

- H emavdAnyn Tou v divel Aé€eic ou dev eival oTh yYAwooa
L: .. uvéw dev avikel athv L.
ATOTTIO

- Emopévwe n L dev gival kavovikA.



AeUTepo Ttapddeiypa xpnong PL
G
Oewpnua: L = {01 i > j} dev gival kavovikA.
ATtodeiln:
- 710 PL Aéer 0TI uTtdpyxel m
- gpeic emAéyoupe z = 0117 e L pe pAkocg |z| = 2n+l 2 A
Z = 800000000...9&111111.71

n+1 n

- 70 PL Aée1l 0TI uTtdpx el «OTTdoIHO» Z = uvw, pE |uv] < n
kai |v| > O.



AeUTepo Ttapddeiypa xpnong PL
(i)
- Ymdpxe! pia povo (ouaiaoTikda) TepitTwon:

z=0...00...00...0111111111..1
H_H_/\ —~ _

u \" W

- n emavdAnyn Tou v divel Aé€eic Tne yAwaooac (;)
- dTmo MPWTN AdTToYn auTo YaiveTal TPOPANUATIKG...
- To ARppa opilel 611 Ba mpémel yvia kABe i > 0, uviw e L

- OpwC, n Aé€n uvPw dev eivail aTnv L.
ATOTTIO

- Emopévwce n L dev cival kavovikA.



Xphon pumping lemma
(adversary argument)

. AwAéyelg N YA®oaoa tou Beierg va anodelelg tweg dev elvar regular.

. O avtlnarog (PL) emAéye éva n. Oa npéner va unopelc yia omolodhnote
TEMEPACUEVO AXERULO T2 OLaheder, va anodeilelg 6t 1 L dev elvan regular,
AAAG amd TN oTLyur mou o avilmaAog €yel SLaAlel eva N autd elval
otabepd oty anddeln.

. Awaréyeig eva string z tne L étol Gote | 2 |> n.

. O avtinarog (PL) ondel 10 2 08 u, v X0t W TOU LXAVOTIOLOUY TOUS TERLO-
prouole luv| < n xo |v| > 1.

. Praverg oe avtlgaoy) delyvovrag O yia xdbe u, v, w mou xafopllovTtar
amd tov avtinaho, undpyst éva i v To onolo uvtw gy avhxel otny L.
Téte unopolue va cuunepdvouue ot 1 L dev elvan regular. H emhoyH
ToU 7 umopel va e&aptdTol and T n, U, v, W.



TTapdadeiypa xphong Pumping Lemma
ue adversary argument

IMopddeiypo 4.3.32. L = {a*bF | kK € N} = {e,ab, aabb, aaabbb, ...} dev

elval regular.

1.

2.

3.

o

Yrobétoupe 6tL L etvan regular xou ypnowsonowovue to Pumping lemma.
PL: 9ne N

Awréyouue z = a"b". EvtdZel emhoyy), SotL 2z € L, |z2| = 2n > n.

PL: 2 urogel va ypowel: 2 = wvw we |uv| < n Alv| > 1, dote v = d

ue [ > 1.

Aoarhéyouue i = 2: uvvw = a" " € L.

ATOTIO



Context Free Grammars



MpappaTtikéc Xwpic 2upppalopeva
(Context Free) [i]

IMapdderyua 3.4.1. 'Eote N ypaatix)
Gy: V={S}, T={ab}, P={5 —>¢ 85— aSh}
M mbavh axoioubla tapaywydy slval 7
S = aSb= aaSbb= aaaSbbb = aaabbb
H yidooa nou napdyetar and tnv Gy elvar nf L{(G) = {a™b*|n € N* }.

HMapdderype 3.4.2. Gy = (V,T,P,S) ue T = {0,1,2,3,4,5,6,7,8,9, +, *},
V = {5} xor 1o P mepiéyel Touc xavdves:

S—=S+8 S—=5%5 S5 —0[1)|2|3|4|5|6|7|8|9



MpappaTtikéc Xwpic 2upppalopeva
(Context Free) [ii]

HMoapddeiyua 3.4.3. G3 = (V,T,P,S5),V={5A, B}, T ={a,b} xan 7o P
TIEPLEYEL TOUG XAVOVES:

S—aB|bA, A—a|aS|bAA, B —b|bS|aBB
Mua mbav axoroubla Tapaywy®dy NS T TAvVw Ypoatixe lvat:
S=aB = abS = abbA= abba

Ay xau Sev elvar npogavée, L(G3) = {w € T | w éyeL oo apBuéd a xa b}



2 uvtakTikd Aévdpa (parse trees) (i)

dUAwya (leafstring): aaabbb kai bbba avrioToixa.



> uvtakTikd Aévdpa (ii)

Opiouég 3.4.4. 'Eotww G = {V,T, P, S5} wa c.f. ypauuatxh. TEva dévdpo
elvar cuvtaxtixd 3€vdpo e G av

1.

Kdabe xouf3og tou 6évdgou exer wa extypapr, n onola elvar €va aluoio
oto VUT U{e}.

. H emypaon tng pllag elvar 1o S.

. Av évag ®0ufiog slvan ecwtepinds xan xel emypagy) A, tdte 1o A MpeETEL

va elvar otoryelo tou V.

Av o x6uPBoc n €yel emypagn A xar ov xéuBor nq,ng,...,nE elvar
Toudld Tou 7, o Sdtaly and apLoTepd TPOg T 0edLd, ME ETLYPAQES
X1,Xa,..., X avtlototya, 16t 0 A — X1 Xs ... X; meéner va elvar

xaAvovag Tapaywyhc oto P.

. Av gvag xdufiog £yl emiypagy] £, TOTE elvar @UANO xon elvar TO Lovaded

ToLdl Tou YovER Tou.



2 uvTakTIkd Aévdpa (iii)

Ochdpnua 4.5.5. ‘Eotw G(V,T,P,S) ua c.f. yoauuatixy. Tére S=> o avy
UTdpyeL OUYTAXTIXO 0EVOpo UE @pUAAwUa TO a.

H anodeiln e xatelhuvone “<=" yivetal ue enaywyr og tpog Tov apliud
TWY EOWTERLXAV XOUPWY, VO NS “=" Ue enaywYn K¢ Teog Twv apliud Tov
Brudtov e axoloubiag tapaywydv (doxnon).



A1popoUHEVEC YPAUUATIKEC

Mia ypappaTikh G ovopaletai dipopoUpEVNn AV UTTAPXOUV
dUo ouvTakTIKd dévdpa pe To id10 pUAAwpa w € L(G).

IMoapddetyua 4.5.2. G, = (V,T,P,S) ue T = {0,1,2,3,4,5,6,7,8,9, 4, =},
V = {S} xaL 1o P mepléyel Touc xaviovec:

S—S+S8 S—S8x%5 S—0/1]2/34]5/6]7|8/9

S S

S/BS‘ s/ﬁhs

3‘ 5/*“3 S/+Ns ‘4
Co



Eyyevwc d19opoUHEVEC YPAUUATIKEC

- [Na Tnv YAwooa Tou mponyoUpevou TtapadeiypaToc
UTtdpX el Kai pn 019opoUHEVn YPAUUATIKA TTOU ThV
mapdyei (doknon).

- Ymdpxouv 0pwe Kai yYAwooeg Xwpic ocupppalopeva yia
TIC OTTOiEC OAEC O YPAUUATIKEG TTOU TIC TTAPAYOULV gival
O1POPOUHEVEC.

- Mia Tétoia yYAwooa (kaBwce kai Kabe ypappdTiKA TTou
ThV Ttapdyel) AéyeTal eyyevwe digopoUpevn
(inherently ambiguous).

- TTapadeiypa:
fa'bick |i=3Vvj =k}



ATtAottoinoh I pappaTikwy

Elval Suvatoy vo amAoTomjooude plo YRouuoTixs Ywels oupppaloueve wg
elnc: Kpatdue uévov ta olpBoia nou ypewdlovton (yia tapdderypa eZahelpou-
HE Ghol To W) TepUaTixd Tou Sev mapdyouv cupBohouxohoubleg ue TEpUATIXE
ol OAo o oUpBola Tou Sev Unopolv va eppavictioly o xapla Tapay ey Tou
Zextvdel and 1o apyxd alufoio). Enlone, unopolue va eZaheldboupe xavbdveg
Tou tunou A — B (unit productions).

Emmiéov, av 1o £ dev avijxel otnv L, dev yperdlovtal XavOvES TapaywY g
e wopypfic A — £ (e-productions).



Kavovikéc Moppéc

Ozopnua 3.4.9 (Kavovixhc wopphc Chomsky, CNF). Kdbz c.f. yAdooa
ywplc 10 € mapdyetal and uia yeauuatixh otny onola 6Acs ot rapaywyés elvai
tne uopphic A — BC # A—a. dnov A, B, C uctafAntéc xat a tepuatixd.

Ozdenua 3.4.10 (Kavovixig wopphs Greibach, GNF). Kdbe c.f. yAdo-
oo ywplc 10 € nupdyetal and wia ypauuatixy oty ornola 6Aec ot napayw yés
elvar tne uopehic A — aa, drova € V¥, a e T.

AT YoOUUATIXES OTIC TUPATIEAVEW HOAVOWLXES LOPYES, TPOXUTTOUY GYETLXd
anholotepa guVTAXTXd 8€vdpa: yia Ty CNF 1o ouvtaxtixd d€vdpa €youy nd-
vy1oTe SLtaxAddwan Babuod dUo av tpoxinTouy UeTaBANTES, ahAdg and ula ue-
TaANTH TpoxUnTEL éva Ubvoy @UARG (Tepuatixé olufioko), evé yvia Ty GNF,
Ta aploTepd Tondtd xdbe xdufou elvar ndvtote TepuaTiid olUBoAa.



AAyop1Buoc CYK

MnopoUue va EXUETAAAEUTOULE QUTES TIC LOLOTNTES TWV CUVTUXTIXGDY OEV-
SpwV YL Vo ETLAUCOUUE TAYUTERY OQLOUEVE TROBAALATA OTWS AV XATOL GUL-
Bohoosipd = avixer oty YAOOOW Tou Tapdyel o ypauuatixy: Asdousyng
YeouMatAc yople ouuppaloueve G, Oy. amapaltnta o Xavowxy) LOp®H,
UTtdpy el Y AVLoTIXOS aAyopbuog o onolog Yo onowadinote cuuoiooelgd T
anoxplvetor av £ € L(G) | éyu. Ty av cuGTNUATIXE XATAOXEVAGOUUE GAES
TG TapayoOuevee oudfolooelpec xatd auouca oelgd UAxoug, ToTE UTopoUlE
va. anogacioovue v £ € L(G). O aiybpBuog dune elvar exBetixol ypdvou
WS TEOS TO MMog tNe ouBoiocelgds etaddou. Ay duwe 1) ypapuaTey dlvetal
oe xavovtxy] nopgy) Chomsky, t1é1e undpeyel Tayltepog aAydpLbiuog, ToAuTAo-
x6trag O(|z]?), o Aeybuevoe alydebuog CYK (anéd toug Cocke, Younger,
Kasami):



AuTopara 2Toipac
(PushDown Automata - PDA) [i]

'Eva avtduato orolfac (push down automaton ¥ yia cuvtouia PDA) ano-
teAelton and ula toevia eLoddou, aAAd EMTAEOY, o aYEaY e Ta FA, €yel xan
ula orolfa (un epayuévn oc peyeboc uvAUY, dAAR UE TEQLOPLOMEVES SUVATS-
e npdofaonc oe authy). H mpdofacn otny otolffa yiveton udvov otny
XopuET auTAS Ue Tic €5Ng SU0 Asttoupyle:

1. push: Tonobetel €va gtolyeslo mou dlvetar otny xopuey) Tng otolfuc.

2. pop: Agapel £va atotyelo v yphon and tny xopuet, tne otolfac.



AuTopara 2Toipac
(PushDown Automata - PDA) [ii]

Ocwphiote v Yidood L = {wew® | w € (04 1)*}. T mopdderyua
110c011 € L. Na no¢ UTopoUUe vo avayY vepLloouUs TNY TURUTEve YAOOOW UE
é¢va PDA:

1. push(a) otnv otoiffa yia x&6e 0 nou cuvavtdc atny eloodo,
push(b) oty otolBa yw xdbe 1 tou cuvavtdc otny eloodo,
UEYPL YO TUVAVTAOELS TO C

2. du&faoe To c,
xéve pop ta otoryela tne otolBac xar duaBale napdiinia tny elcodo,
amodeiou av undpyel cuLela Ty oTolyelny swoddou ue Ta otolyela
g otolBag (a ue 0, b ue 1).



AuTopara 2Toipac
(PushDown Automata - PDA) [iii]

Optoués 3.4.12. 'Eva autéuato otolac (push down automaton 1 yia ou-
viopla PDA) elvar ula mhewdda M = (@, X, 1,4, g0, Zy, F'), bmou:

® (J: TETEQUCUEVO GUYOAO XUTAOTAGEWY,
o X ahodlnTo eLobdoy,
o ' ahodfinto otolfac,

¢ §: Qx (YU{e}) xI' = Pow(Q x I'*) (nenepaouéva unoaivora), 1
ouvdpTnoy uetdfaone (emitpénoviar £-xvAGELS Xak UM YIETERUWLOUES),

® ¢ € () apyue xatdotaon,

o 7y €I’ apywd ovufioho otny otolfia,

o F C () tehxec xataoTdaoclc.



AuTouarta 2Toipag
(PushDown Automata - PDA) [iv]

Yrndpyouv Vo €idn PDA w¢ npog to anodéyeobon:

1. anodcfou Otay Bploxeodl ag TEALXY XATAOTAOT) dYou £yels SaBdast G
™V Tovia eLoddou, aveldetnTa and To TL Undpyel oty otollBa, A,

2. anodedou otav 1 otolBa slval ddsia apol €yeg Safidos, dAn Ty TaLvia
eLabdou, aveldptnTa and Ty xatdotaoy oty onola suploxeoal (alufa-
on: F=10).

Avtiotouya oplloue xaL TNy YAGCoA tou anodéyetal éva PDA:

1. TAdooa tou anodéyetor o el xatdotaon Ly (M)

2. Thdoaa tou anodéyetar ue xevh atolBa L.(M)



AuTouarta 2Toipag
(PushDown Automata - PDA) [Vv]

[lpoxewtévou va yiver anodexth 0 L1 = {ww®™ | w € (04 1)*} yoplc
TO ONUAd. ¢ oty UEar TN ouBoiooelpds YeelalduaoTe ATURALTATWS EVA UM
vietepuiviotixd PDA. Ta un vreteguivitonind PDA elvon yvnolog mo woyupd
amd T VIETERULVLOTIXA.



2 xXéon context free yh\woowv kai PDA

Oesopnua 3.4.13. Ta ropaxdte elvar toodidvaua yia ula yAdooa L:
1. L = Lf(Mg); Mg elvar PDA.

2. L =L, M), M| elvat PDA.

3. H L elvat yAbooa ywplc cuuppaléueva (context free).
Hapaielnetar 1 AentTouepc ANOdEET.



Mevikég MpappaTikécg (i)

Tonou 0:  yvevixés ypauuatixés (general or unrestricted grammars), semi-
Thue, phrase structure
Hapaywyés: o — B, e a F €

Hopédeiyue 3.5.1. L ={a” |n e N}
S — AaCB
CB— E | DB
all — Fa
AF — ¢
al) — Da
AD — AC
Ca — aaC




Mevikéce MpappaTikéc (ii)

Ocedpnua 4.6.2. Ta axdrovba elvar toodvvaua:

1. n L yivetaw arodextyi and uia Turing unyavy (BAéne xepdlaio 6, evo-
Tyt 6.1)

2. L =L(G), drnov G elvar yevixy ypoauuatixs

Xwplc anédelln. Mia tétowa yhdooo Aéyetan xot avadpoutxd apiburown (re-
cursively enumerable): BAéne opioud 7.1.3 otnv oeiida 92.



["pappaTikéC pe 2upppalopeva
(context sensitive) [i]

Tunou 1: ypauuatixéc ue ovugpaloueva (context sensitive grammars, c.s.)
Hapavwyvés: a — 4, ue a # ¢, |a| < |B| (noncontracting grammar,
non-decreasing, not € string)
H ovouaoctla context sensitive ogelAetal a1y TAEAXATE EVAAAAXTLXNY] TiE-
CLYRPUOR AUTOY Ty Yeaupatxeoy: Kdébe c.s. ypauuatxed unopel va tebel ac
XAVOWLXY) LOEpQN GTNY onola OAOL xavoves TapaywyRg slvar tng Hopec:

a1 Acs = a1 Pfan, dmou A: ur tepuanind xou 3 F# €
NS

contexrl



["pappaTikéC pe 2upppalopeva
(context sensitive) [ii]

IMapdderypa 4.7.1. 1"0"1". C.s. ypouuaTixn:
S — 171
Z —0|1Z0A
A0 — 0A
Al — 11

Al tapadelyuata Tolwy Yhwoody: {a™bc"}, {a'b/ck | 0 < i < j <
ky, {ww | we X}, 0m1m0m 1™,



2. Xéon context sensitive yA\woowv
kai LBA

loauuixd gpayuévo autéuato (Linearly bounded automaton (LBA)): Ei-
vau uto un-vretepuviotixy unyavr Turing (T.M.) tng omolag 1 xepaky| elvot
TEPLOPLOMEVT] VO XLVELTUL UOVOV GTO TUNUL TNS TALVIAS TOU TERLEYEL TNV ELGOJO.

Ocsdhpnua 4.7.2. Ta axdiovlba elvar toodvvaua (L ywpeic c):
1. n L yivetaw arodextsi ané LBA

2. n L elvau c.s.



Lepapxia kKAaoewv YAwoowyv

Oceodpnua 4.2.4 (Iepapylac). (Oewpolue yAdooec nov Sev meptéyovy 1o £.)

reqular C context free C context sensitive C recursively enumerable
= =



