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AuTOUdTdA

310 xepdinno autd o emdidiouue va TaglvouAooulE TA UToAOYLOTE G-
voha (YAdooeg) avédhoya ue To eldog Tou autoudTou (agnonuévne uroloy!-
OTIXHC OUOXEVHS) TIOU UTopel va Ta avayvwploet.

I'evixd Umopolus vo XATATASOUUE TO QUTOUATO AVAAOYS UE SLAQOopa Xpt-
ThpLa OTwe, T.Y., WG TEOS

o ALTLOTNTA (VIETEQUIMOTIXE, T VTIETERUIVLOTIXG, TLOAVOTIXG)

o uéyebog (ouyxexpuévo, auiavduevo, dnelpo)

¢ £i00d0/4E0d0 (Sraxpitéc dnA. Unowaxd, cuveyeic dnA. avaroyixd)

o vevxb polbL ot neplntwan tagadinilac (cuyypovouéva, aalyypova)
o apfUd XATACTACEWGY (TETEPAOUEVO, ATEWO)

¢ hevtoupyia (avayvepionxd (acceptors), yevvnuxé (generators), uno-
Aoyronixd (transducers)).



AuTOUdTdA

2ITIC IO ATAEC OUOGHEVES, TOU OVOUIAZOoVTUL UnNYAVICoWOoLl, 1 cuvdeTtnaT [ue-
téPBaonc (transition function) § €yer ¢ Sproua Lla XATAOTRON @; XAL WS TULY
Lol GAAT) xaTAoTAoT) q;. Asv undpyet dniady) eloodog xar ££080<. YTOAOYLOTL-
x7) axoiovbla oe autAy TNy neplntworn slvar wa axoroubla and xatactdoels:

q; — q; — Qg —> qp -

Av tdpa 7 ouoxeuy| Sraf3alel eloodo, ouufBoio mpog oluBoio, and apiotepd
TEOG TA SeELE XL AVAAOYA AAAETEL HATACTACELS, TOTE EYOUUE EVA VALY VPL-
oTh nencpacUévewy xatactdoswy (FSA: finite state acceptor) yia 10 onoloy

7 cuvdptnoT uetdBaong slvdal Tng LopEhg
d: (g;,a) = gy,

Sdmou a € X xar o X to aApdfnTto swoddou.



AuTOUdTdA

Av tpoafécouyue €€080 ae éva FSA, dnhadh 6 (g;,a) — (g;,b), btou b e A
xor A 1o ahpdfnto e€é00u, tdTE £youUEe TN ASYOUEVY]) UNYUVY] TENERACUEV®Y
xataotdoewy (FSM: finite state machine). O FSA xo. FSM suoavilovto
ouyve ¢ ypRota epyaieia oTo hoyixd, Ynoaxd oyedraoud. Ilpochetovrag
07O QUTOUATS Mag VAT und popot otolag (stack) éyouue Tohd neplocdTepeg
WavoTNTES: TO autduato ovoudletar téte autéuato otoifag (PDA: push-
down automaton). Av avtl otolfag £youue anepLbpiaty SUVATHTNTE UVAUTNG
und Lop@h tonviag, téte éyoune T Yvwoth uac unyavyh Turing (TM). T'eay-
uLxd neplopLouévo autéuato (LBA: linearly bounded automaton) elvay o
unyavy, Turing nou duwe unopel va yenoudonothost Taevla Tou To A0S T8
elval ULa YRAMULXY, oUVAETNGT TOU UAXOUS NG ELaddou.



TumkéEC YAWOOEC

O yhdooeg TpoypaupaTionoU elval Tpogavos Tumuxésg yAdooeg (for-
mal languages) mou £youv auotnpd cuvtaxTixd oplopd. O Tutxéc Yhoooeg
unopoUy vo TaElvounfoly avdAoYo Ue TIC TUTULXKES YPUUUUTIXES TOU TIC Topd-
youv.XTr Bewpla TUTXGOY Yhwoooy oL tpwTapyixéc évvoleg Elval Ta alpSBola
(¢ avtixslueva) o 1 topdbeorn (wg mpdin).

Muwx A€r) i mpbTaom ¥ oupfolooelpd 1 string elvan o menepaouevou ur-
xoug oaxohoubla ocupfBoiwv. "Eva ahpdfnto X elval éva nenspaouévo olvoho
aguuféimy. To ufxog tou string w ouyforiletal pe |w|. To xevd string cuufo-
MCeTal pe e, H napdbeor twv strings z xou y ouuforiletal ue zy. ‘Alhol yeriol-
noL 6pol elvol tpbbepa (prefix), urooupfolocelpd (substring), vraxolou-
Ola (subsequence), xatdinin (suffix), aviiotpogn (reversal),tahvdpouix
1| xopxivixd (palindrome).




TutTikéC YAWOOEC

loybouy ze = ex = x v dhat o strings x xo |e| = 0. To string z¥ unopel
VoL OpLOTEL UE TEOTAPY LYY AVASPOUY:

2 =¢
zFtl = zFg

Ay XY elvan éva aropdfnto toéte L* elvan to oUvoho SAwy Twy strings and
to Y. Mw yhdooa L and 1o X dev elvar mapd xdnoto unocivoio tou X7,



TutTikéC YAWOOEC

[Mapadelypata (ue arodfnto X = {a,b}):
o Ly ={weX*|wapylle ue a}

o Ly={weX*|wnepéyer Luyé apbud and a}

o Ly={we X*|welva noduvdpouuxs }



TUTIKEC YPAUUATIKEC

Oplouds 3.2.1. M tumixlf ypauuatixh G oanotehelton and:
o £va ar@dfnto V and un tepuatixd obufora (uetaBAntés),
e £va ah@dfBnto T and tepuatixd obufoia (otabepic), T.w. VNT =0,

® £Va TETEPUOMEVO aUvoA0 P and xavdves napaywyrc, onhadh datetay-
ueva Letyn (o, B) énov o, 8 € (VUT)* xav a # ¢
(XouBaon: ypdoouue a — 8 avil v (a, 4)),

o &va apyixd ouuforo (f adloua) S e V.

20uBacr o TN ¥eRoY YRUMATO V!

a becd,...eTd

ABCD, .. eV

2,Y, L, W, v, u,... €T
a,B8,7,6,...e¢ (VUT)*



TUTIKEC YPAUUATIKEC

Tovtunon: Fpdoouue a = G| 7 | § wg éva xavéva oto P avtl yia toug tpelg
xovévec o — 3, ¢ — v, @« = 6 oto P.

Oproudg 3.2.2.

o Afue 4Tl TO 1y mapdyEt TO 137 xaL To cuufoillouus UE Yy =
Y1572, av 0 a — 3 elvar xavévae napaywyhc (dnhadh (a, ) € P).

o YuuBoiZouue pe = o avaxhaoxd, uetaBanxd xhelowio tou =, 3r-
Aadh a = B (ue Moyr: «to a mapdys. To B») onualver dTL undpyel
axoiouBla: o = o) = ay = - qy = 3.

e (¢ yAdooa nov rapdyetat and tn ypauuatixh G opllovue v L(G) =
{weT* |8 wl

o Avo ypauuatixéc G, G2 ovoudlovtar tooduvaues av L(G1) = L(Gs).



TUTIIKEC YPAUUATIKEC

Hapdderyua 3.2.3. Eotw n ypauuato
G: V={S},T=1{a,b}, P={5 - ¢|aSb}.
Mo mbavq axoroubla tagaywyhs elvar n:

S = aSh = aaSbb = aaaSbbb = aaabbb
H yhdooa tou tapdyetan and ) ypouuanxs elvar n L(G) = {a™" | n € N}



Tepapyia Mpappartikwy Chomsky

O Noam Chomsky (1956) tafivdunos Tig TUTLXES YPUUUOTIXES OF ULOL LE-
popylo oUUQLYR UE TOV TUTO TwV XAVOVWY TPy WY TOUC:

tomou 0: yevixde ypappatixés (general, phrase structure, semi-Thue). Mop-
(1) xavhvey Tapaywyhic: o — 3, o F £,

timou 1: ypouuatixes ue ouugpalousva ¥, uovotowxes (context sensitive,
monotonic). Mopgnh: o — B, énou |a| < |B| (uropel entniéov va entTpé-
neton S — )

tinou 2: ypoupatixés ywpelc ouugpalducva (context free). Mopyh: A — «,
6mov A eV

tonou 3: xavovixde ypapuatxée (regular). H popgpd twv xavdvey nopoyw-
vhc Toug elvan Selioypauuixr: A — w, A — wB ¥, apiotepoycauxr:
A—w A— Bw, orouweT*, A, BV,



Tepapyia Mpappartikwy Chomsky

‘Onwe Ba dolue ot oUVEYELD, AUTA lvon e YVACLY LepdpynoT, ONAadT) Loy et
tonou 3 C tunou 2 C tunou 1 C tYnou 0

Ov yA®ooeg tinou 0, 1, 2, 3 umopoly va avayveptotouy and autouaTe Tou
eyouue o7 oulnthoer: and unyavés Turing (Turing Machines - TM), ypou-
uxd negroptouéva autéuata (linearly bounded automata - LBA), autéuata
otolBac (push down automata - PDA) xot avayveplotés TENEPACUEVGDY X
Taatdoewy (finite state acceptors - FSA), avtlatouya.



Opiopoc DFA

Opiouds 3.3.1. Tunxd éva DFA elvar pla nevt@da M = (Q, X, 4, q0, F),
dTOU:

e () €va TEMEPUOUEVO GUVOAD O XATAOTACELS,
o X éva algdfnro ewobddou (X NQ = 0),

e §: () XX = Q: nouvdptnarn uetdfaong,

® gy € (: M apyW xatdatao,

o F'C (): 10 aUVOAO TV TEAXDY XATAGTACEWY.



TTapadeiyua DFA

Hapédsiyua 3.3.2. Ly ={w € X* | w apyllel ané a}

Adypaua: Mivoxag: 2|4 %

ql q1

d2 | g2 42

XpnowonotoUe Evay ETLTAEOY XUXAO yia va del&oupe Tig TEAXES XATACTATELS.



TTapadeiyua yAwooac pe DFA
kKal yYAwooac xwpic DFA

Mopdderypo 4.3.3. Ly = {w € X* | w nepiéyet dotio mhiflog and af
a a b
b ' @' b g1 o
a qi | qgo  q1

Mopdderypa 4.3.4. Ly = {w € ¥* | w nakivigoun agtlou ufxouc), dnhadr
Ly = {ww® | we X* wh = avtlotpogn tne w}. Aev undpyer DFA nou aro-
déyeton Ty L.



EmékTaon opiopol DFA

Oprouos 3.3.5. S Q) x X2* — @ 6mou
g, e)=q
o(¢, wa) = d(d(g, w), a)

O 1o nave oplauds elvar avadpoutxds, 1), To cUYXEXELUEVE, elval optaudg
oUUOWYA UE TO oYAUa NS mpwtdpytxlc avadpourc. Iapatnpolue 6T

d(g,a) = 6(g,ea) = 6(6(g,€),a) = §(g, a)

Anhadh, yia oluBola a € X 1 6 tautiletor ue ™ 8. Auté cuuBohZeton o

P~

4 erE =0



TAwooa amodekTh ammdé DFA

e 'Eva DFA anodéyetor to string w € X* avy §(gy, w) € F
o Eva DFA M anodéyetar tn yAdooa L(M) = {w | é(gy, w) € F}
o H vidooa L Aévetan xavovixh (regular) avv 3 FA M: L = L(M)

Aoxnon: Aclite 6 6(g, uv) = 6(0(q, u),v), énov u, v € T*.



Mn vTeTepUIvIOTIKA
memepaopéva autopaTta (NFA)

o NFA: un vreteputviotind rercpaouéyo autduato. e xdbe uetdfaom
UTIAEYEL ETLAOYY] TG EMOUEVTC XATACTAONS UTO £VA GUVOAD THAVGDY VO-
LUV XATACTACEWY.

o NFA.: un vreteputviotixd mermepaouévo autouato ue e-xivhoets. To
TENEPUOEVO AUTOMATO EVOEYETAL Vo AAAACEL TNV XaTdoTACY) TOU Ywelc
v petaxiveltal 1 XeQait, oty tavla eLoddou.



TTapadeiyua NFA

Hap&deryua 3.3.7. NFA yvwa Ly = {w € X* | w nepéyer §Vo ouveybusva a}
a b

0t @D——@——@0> o Ty P
{2} {2}

Evac unohoyioubds oe éva NFA dev slvar anide ula ypouuwed (vouuun)
axoAoLBl XATACTACEWY, AAAG €va vaoAoyioTixd 8£vipo (xdbBe uiddog elvan
ol véuLun axoloubio xataotdoswy).

To 3¢vdpo umoroyLoUOU YLa TO Tapandve Tapddetyua yio elocodo aabaa:

do
&

H cuuBoiooeipd aabaa yvivetar anodexty|, eneldf undpyer TOUAGYLGTOY Eva vi-
LLO [LOVOTIATL TTOU TTY ATMOGEYETAL.



Tumikoc opiopoc NFA

Yo un vietepvloind autduata, yia xdbe eloodo xal xatdotaor), unopel
va undpyer xapula, ula | toireég mbaveg endueves xataotdoers. Autd exgpd-
Cetan otov optoud evog NFA and 1o yeyovde 4t 0 cuvdptnon uetdBaong o
eyel ¢ nedlo TGOV To duvauooivolo tou @ (Pow(Q).

o 3 £VU METEPACMEVO AAQABNTO ELaddou,
e §:Q x X —> Pow(Q): n ouvdgtnorn uetdfaong
e o € Q: n apywe xatdoTaoy xon

o F'C (: 10 alvoAD TWY TEALXDY HATACTATEWY.



TAwooa amodekTh amtd NFA

o Eva NFA anodéyetan o string w € L* avy 5(go, w) N F #(

o Eva NFA M anodéyeton t yhbooa L(M) = {w|d(go, w) N F # 0}



Tooduvapia DFA kai NFA

Icoduvautia DFA xar NFA. 'Onog galvetar and tov oploud g 0 evog
NFA, éva DFA elvor ma cuntomeglntoany evée NFA. Tap’ dAa autd, ta NFA
OEY MO TUPEYOUV TEPLOOHTERES SUVATOTNTES UTOAOYLOMOU amd Ot oo DFA.
Auto anodeixviel To Tapaxdte Gedprnua:

Ozdpnua 3.3.13. (Rabin - Scott)
Botw M éva NFA. Tére 3 DFA M': L(M) = L(M")



Tooduvapia DFA kai NFA

Arddeién. Opllouue 1o DFA M' = (@', X', ¢, F',0") bnou @ = Pow(Q),

Y=X ¢ =4}, FF={Re Q|RNF + 0} = U (R € Q') »an téhog
RNF#0
§'(R,a) =6"%(R,a), btou R € ()",
Méver va anodetyfel é L(M) = L(M') ue v Borfeia tou toyuprouol:
(g, w) = 0(go, w). (Aghvetar wg doxnon yenowonotfote enayoyr.) O



DFA

Mopdderypa 4.3.21. DFA v Ly (Bh. mapad. 4.3.7):

b
(I )
b C(10) : (10 40—
(I

(1 a |
Eddyioto DFA yia Ly @ . a,b



NFA

Mn vietepuiviotixd autépata pe e-xwvioelg - NFA,
IMapdderypa 4.3.14. NFA, v Ls = {a'b*} = {a"b™ | n,m € N}

a b £

a(@ - ;®Db o[ {oa) {a) {90

@ 0 e} ¢l




Tumikag opiopdg NFA

(J: €vo MEMERATUEVO CUVOAD ATO XATACTACELS,

201 €va TEMEPAUOUEVO aAQASNTO eLabddou,

§:@Q x (XU{e}) = Pow(Q): n ouvéptnon uetdBaonc
go € @1 7 apyh xaTdoTACT) Mo

F C Q: 1o alvolho TV TEAXODY XATAOTAOEWY.



E-KAgioipo
Opiowdeg 4.3.15. Q¢ e-xhelowo: Q@ — Pow(Q) opllouue 10
e-xhelowo(q) = {p| o p npooBdowa ano 10 g LOVO PE E-XIVHOELS |
Hapatnpolpe ot tavta g € e-xhelowo(q). Enextelvoupe tov oploud auto:
Opropdg 4.3.16. Q¢ e-xhelowo: Pow(()) — Pow((Q)) opiloupe To

e-nhelowo(P) = U e-xhelowo(q)
g’

[Tapatrpoius smimhéov 6Tl e-xhelolpo(e-wielowo( P)) = e-xhelowo( P).



EmékTaon opiopou NFA

OpLoudg 3.3.17. §:QxXI*> Pow(() 6mou

{%(q, g) = e-xielowio(q) )
d(g, wa) = e-xhelowo({p € é(r,a) | r € d(q, w)}) = e-xheloyo( U i(r,a))

) ~ , Teg(q,’w%
Emnigoy, emextelvoune Ty 0 oty 0%, auunepthau34vovTac aTo Tedlo opt-

oloU TO SUVAMOGUYOAO TOu ().

Ogtoubds 3.3.18. §* : Pow(Q}) x X* — Pow(Q) émou
0% (P,w) ={p € d(g,w)lg € P} = | ] 6(q,w)

gcP

IGX‘L:ISL: 6% erE* = g



"Awooa amodekTh amd NFA .,

OpLoudc 3.3.19. 'Eyouue:
o Eva NFA, anodéyetar to string w € X* avy 6(go, w)NF #£0
e Eva NFA, M anodéyetar T yhdooa L{(M) = {w|d(g, w) N F # @}

[coduvauia NFA »xat NFA,. Ko ndi, unopel va Bewprioer xavels 4t to
NFA elvon wo «cuononepintoorny twv NFA,. 'Oung, dnwg xo tpry, ta NFA, dev
£YOUY TEPLaCOTEPES SUVATOTNTES UToAOYLOMOU and tot NFA | dnweg anodeixvie
T0 enOUEVO Bedpnua, xat dpa xor and ta DFA.



Looduvapia NFA kai NFA,

Osdpnua 3.3.20. Forw M éva NFA, t6te 3 NFA M’ : L(M) = L(M')
Arddeiln. Opllouvue to NFA M' = (Q, X, q9, F', ¢') bmou

o {F Ulde),  av eietoruo(ge) N F # 0

? (Tr 7 — S 7
F 136N Awe (g,0) = d(g, )

[Théov, npoxeyiévou va royler L(M) = L(M'), apxel va anoderybel o ayu-
soude: Yw € X — {e}: o' (go, w) = 6(go, w). (‘Aoxnonm.) 1



TTapadeiypa 1coduvapiac
NFA _kai DFA

Mopdderypa 4.3.22. NFA, v Ly (3nhods “byt 0o ouveydueva a”):

g,a

a .
DFA yi Ly: b @ a ,® a,b
)




TTapadeiypa 1coduvapiag
NFA ka1 DFA

MMopadevypa 4.3.23. NFA v Ls (A nopdd. 4.3.14): @ b

b
Ehayioto DFA ywt Ly ¢ ‘ : : 0' a,b



Kavovikéc TTapaoTdoeic
(Regular Expressions)

Opiouds 3.3.24. Eotww L, Ly, Ly yhdooeg enl Tou (8lou arpafifitou .
o LiLy:={uv|u€ L Av € Ly}: napdbeon

o LiULy:={w|we€ L Vw€ Ly} évwon

o LiNLy={w|we€ L Aw € Ly}: Touf
o [0:={e}, "t .= LL"
o L*:=[]" L™ 4otpo tou Kleene

o Lt =), L"



OpLowdg 4.3.25. Kavovixr) nopdotaor) elval:

(I: TapLoTdveL TO %EVH GUVOAO"

M

raploTdveL To {£}
a: TUPLOTAVEL TO {af, 6nou a € X

(r+ s): moplotdvel To R U S, 6mou r, § xovoVIXES TOpUoTACELS TTOU THUpLaTA-
vouv T H, S avtioTtolywe

(rs): muploTdvel To RS, 60U r, § XOVOVIXES TOPUCTACELS TOU TUELOTAVOUY TU
R, S avuotolywe

(r*): moploTdvel To RY, OTOU 1 %UVOVLXY, TUEdoTAOY) ToU Toplatdvel To K.



YouBacn: Mnopolue va meploploouue TG TapevlEaels ay Y PN oULOTOLiOOULE
NV axdiouln mpoTEpAdOTNTA TWY TEAECTOV: *, Tapdbeon, Evwon.

[Tapddeiyua 3.3.26.

Li=ala+b)"

Ly = (b*ab*a)*b”

L3 dev elvon uvatdy va mapactabel ue xavowxy tapdotaaor
Ly={a+ b)*aala + b)" (Tourdyrotov dVo cuveybueva a)
Ly = (a+€)(ba + b)* (6 ouveybueva a)

Lx=a™b"



Tooduvapia Kavovikwyv
TTapaotdocwyv kai AUTOHATWY

Ocsopnua 3.3.27. Mla yAdoou urnopel va napaotabfel ue xavovixy rapdora-
on avy L = L(M) yta xdroto rexcpaouévo autduato M.

18¢a arnédeilne.

= Enayoyd oty doun g xavovuxerhc mapdotacns. Kataoxeur;, NFA,.
(Aoxnom,.)



+ Oewpolue 61t 1o DFA elvan tne popote M = (Q, 2, 0,¢1, F), dnou
o gtotyela Tou ¢ elvon aptBunueva xatd aldfouca oelpd XoL 1) Ag LX)
xatdotaon elval 1 ¢, SnAadh @ = {g1, - . ., gn}, dnoun = |Q|. Opllouue:

R% = {w | S(Qﬁ,w) = g; %o
Vx npbbeua tov w ue x £ w,e: 6(¢;, x) = q = 1 < k}
Anhadi, RE elvar 10 00voro ey ouuBohoaxohoubdy Tou odnyoly ané

TNY XATAOTACY] ¢; OTNY ¢; YWl Yo TEEVOUY ATd OTOLUSHTOTE XATAGTAG
ue debetn ueyarltepo and k. Ipooavdg, ool 8ev Uundpyel XaTaAoTAGT UE

oelxty peyaAUtepo and n, 1o R nepéyel 6Asg 1 aupoloaxoroubisg
and TV ¢ oty ¢j. Mmopolue va unohoyioouue to Ry, avadpourxd,
ouupova e wa Wea tov Floyd xoaw Warshall, wg €5%¢

RO — {aldé(g;, a) = q;}, av i # j
Y {alé{gi,a) =q;} U{e}, avi=
Rk Rfk I(R ) Rk luRk 1

Téhog, apxel va napatnphoouvue 6t L(M) = U L 1j- (O hemtoué-
PELES TNS ATAELENC AVAVOVTAL WS &oxnaT.) Ge ]



3.3.4 Ilopbuora autduata

Yta 2-way FA 7 xepain unopel va xuveltar dedid xar agrotepd. llop’ OAa
autd, i x40e 2-way FA undpye roodlvapo DFA (30oxodn anddeln).

llenepaougves unyaveg ue 5060 £youle TpLOY TUTWY, UE avTloTolYES OU-
vaptnoels e£600u A:

o MnyavH) Moore, A: Q = A.
o Mnyav) Mealey, A: @ x X — A,

o [lenepaouévolr unohoyiotée (transducers), A: @ x X — A*

Kat tpewc tUmor elvon LoodUvauor (e0xoAn anddeln).



EAayiwotonoinon DFA

1. ECahelpouue dAeg TIC ampdoLTeg XATUOTAGELS.

2. YUY YwVEIOLUE LOOBUVAUES XUTAOTAOELS TOU OEV SlaxplvoyTaL UE Xavéva
ETOUEYO string.



e To p elvor Sraxplowso and to g €dv undpye. éva = tétolo Gate §(p, x)
elvar ato F' xon 0(g, ) Sev elvar 1) avtlatpooa.

o Pridyvouue eva mvaxa yia v ouyxplvoude xdfe (elyog XATAOTACEWY.
Bdlouue eva X oe xdfe bBon tou mlvaxa xdbs @opd tou avaxaAUTTouUE
4t SUo xataotdoslg dev elvon Looduvaueg. Apywxd eyypdoouus X oc
dAa Ta Celyn mou Tpopaves Swaxplvovtal vt 7 ula elvor TeAxh xon 7
dain Oev elvan. Metd npoonabolue va dolue av Staxplvovtar U0 xaTa-
oTdoelg, OLOTL and autéc ue €va olUBoio a odnyoluaote oe Saxploueg
xataotdoetg. EnavaiouBdvouus tny mo ndvw npoondbeia Gonou va uny
npootifetal xaveva X ma atov nlvaxa. Ta undiowma Ceuydpra elvar un
Sraxplowid xoL CUVETHE CUY YWVEUOLUI.



Iapadetyua 3.3.28. Eotw to autéuato M nou ogalvetar oto oYAUA, TO
onolo anodeyetaL v yhAwooo L = 0*10%.

Yto nlvaxo o delxteg 1 xon 2 tou X delyvouv oe ol enavdindn eyypd-
Qouue to X.

b

© | X | X4

@ | X; | X4

© | X | X4

J 1 X [ X | Xy [ X | X
a | b|©|@|®




TeAxd oL Looduvauee xataotdosg elvar a =b, c=d =e.
To eAdyLo0TO AUTOUATO QALYETUL OTO TARAXATL CYAULA.




M¢é£6odoc Beckmann

1.

Kataoxelaoce to xabpegtioua tou FA: dnhadf avdotpede 11 gopd tov
TOEWY. AVTGAAACE TEAXESG UE UPYLHES XATAOTACELS.

Kataoxelaoe DFA wcodlvauo ue 1o npoxintoy.

0N 0N No,1
(=~

Avaxataoxelaoe 10 xabpépTioua.

0N 0N
~(ab)—

Avaxataoxebaoe roodlvauo DFA. Autd todpa elvar to eidytoto DFA
Tou Bphxaue xot Tapandvw, SMA.

0 0 0,1
() (%)



Pumping Lemma. Ay yla YAGooa elval xavovixn TOTe TNy anodeyeTaL £va
DFA M ={Q, X, 6, q, F'} ue x@noto ouyxexpyevo agbud and xataotdosee,
¢otw n, SnAadh |Q| = n. Eotw ula AEEn z tou ylvetar anodexth and To

autduato M xat 7 onolo €yer UAXOS UEYAAUTERO ATO 7.

Kafiog enelepyalduaate 10 2, T0 autduato wag M npener va nepdoet Co-
V& and pla xatdotaoy, yatl ey UNdpyYouy TEPLOCOTERES AT 1T HXATACTACELS
(apy? Tou meprotepdVa, pigeonhole principle). 'Eyouue 6t éva povondt. nou
anodeysTor To 2z elvar to axdioubo:

Z = U U w

MCRISRORNIE] T
L o o \—J L - -
U N~ w

v

To uvw ylvetaw anodextd, OTwg enlong xoL 10 uw, M 10 uvvw A yewxd 1o
uv'w yw onotodhmote ¢ € N. Anhady to v unopel va enavainolel doeg gopéc

OElouye.



Afppa 4.3.29 (Pumping Lemma). Edv L eivat reqular téte:

e
-

In e N,vz € L ue |z| 2 n,du,v,w € X*:
[z=uvw Aluv| <n Alv|>1AVi €N (uv'w € L)]

XpnowonolOvtag to Afuua delyvouus OTL €va doauevo oUvolo dev elvar
regular.



MéBodoc amodeicne oTI pia yhwood
dev gival regular

. Awaiéyeg N yAGooo tou Oghelc va anodelelg nwe dev slvan regular.

. O avtlnadog (PL) emAéyel éva n. Oa npénet va unogele yia onotodfnote
TEMEPAOUEVO AXEPALO T OLAAEEEL, va anodelgerg étL 1 L dev elvan regular,
aAAd and TN onyur, mou o aviinaAog £yt SLaAéiel €va n autd slva
otafepd oty anddeLly).

. Awaréyeg €va string z e L étol dote | 2 |> n.

. O avilnadog (PL) ondet 10 z 08 u, v %ot W TOU LXAVOTIOLOUY TOUG TERLO-
propols |uv| < n xo |v| > 1.

. ®téverg oe avtigaor delyvovtag Ot v xdbs u, v, w mou xabopllovtar
and Tov aviinalo, undpyeL éva i yia 1o onolo uv'w dev avhxer otny L.
Tote unopolue va cuunepdvouue 6t 1 L dev elvan regular. H emioyy)
ToU % umopel va eCapTtdTor and Ta N, u, v, W.



MMogddetypa 4.3.30. L = {a"b* | k € N} = |e, ab, aabb, aaabbb, ...} dev

elval regular.

1. Yrofétouue 6t L elvon regular o ypnoyionototue to Pumping lemma.
2. PL: dn e N
3. Awdeyouue z = a™b". Evtdiel emhoyh, 86t z € L, |z| = 2n = n.

4. PL: z unopel v ypagel: z = wvw e [uv] <n A |v| = 1, dote v = a
ue [ = 1.

5. Alhéyouue i = 2: uvvw = a" " € L.

‘Atomo



MpappaTikéc Xwpic 2upppalopeva

ITapdderyua 3.4.1. 'Eotw 7 yYeouUuMaTLXA
Gi: V={S}, T={ab}, P={S —¢ 85— aSh}
M mBavh axoioubla mapaywy®y slvar 0
S = aSb= aaSbb= aaa.Sbbb=- aaabbb
H yAdaoa mou tapdyeton and tny Gy elvar 0 L(G1) = {a™b*|n € N*}.

Hapddeiypa 3.4.2. Gy = (V,T,P,S) ue T = {0,1,2,3,4,5,6,7,8,9,+, =},
V = {5} xar to P meptéyet toug xavdves:

S—>S54+S5 S—>5%x5 S —0]1|23|4|5|6|7|8|9



Mapdderyua 3.4.3. Gy = (V,T,P,S),V ={S5,A,B}, T = {a,b} xu to P
TEPLEYEL TOUG XAVOVES:

S—>aB |bA, A—>a|aS|bAA, B —>b|bS|aBB
Mua mbavy) axorloubio Tapaywy®dy TNS IO TAVE YpaLatixr slvar:
S = aB = abS = abbA = abba

Ay xar 8ev elvan mpogavég, L(Gs) = {w € T | w éyer (oo apBud a xo b}



> UVTaKTIKd Aévdpa

Opuouég 3.4.4. 'Eotw G = {V,T,P, 5} wa c.f. ypauuatnx?d. Eva dévdgo
elvar guvtaxTixd d€vdpo tng G ay

1.

Kafe xdufoc tou 8€vdpou €yelr ua ertypaps, 1 onola elvar v ouufolo
oto VUT U{e}.

. H emvypag?) tng pllag elvar 1o 5.

. Av gvag x0ufog elvan ecwtepinds xan €yel emypaot| A, 161 o A mpEnel

va elval gtotyelo tou V.

Ay o x6uBoc n €yl smypagh A xav oL xOuBol Ny, na, ..., N clval
Todtd tou n, oc Sdtaln and apLotepd TEOS To OESLA, ME ETLYPODES
X1, Xs,..., X avtlotowya, 161e 0 A — X1Xo... Xi npéner va elvon

xavovag Tapaywyhs oto P.

. Av évag xdufoc exel emtypay| €, TOTE elvar @UAAO o elvar To Hovadd

LSl TOU YOVEX TOU.



1 11
Yyfua 4.1: Topadelypata ocuvtaxtixdy dEvdpwy

Ovopdlouue pUAdwua (leaf string) tn cupBolooxoiroubia mou mpoxinTet
and to gUlha evag Sévdpou, av ta Slatpedouue and To APLOTERATERO TEOG TO
dedlotepo. Opllouue wg A-86v8po evig ouvtaxTixol dEvIpou eva UTOBEVTEO
T0 onolo mepthaufdvel we plla evav xdufo pe emypagr A xabde xotl dhoug
TOUC ATOYOVOUS oUTOY Tou XOpBou xal Tig UeTad) TOUS AXUES.



Oczdpnue 3.4.5. Eotw G(V,T,P,S) ua cf. yoauuatixd. Tére S=a ayy
URAPYEL UVTAXTING 0Evdpo e pUAAwua To a.

H an6deisn tne xatetbuvaong «&=» ylvetar Ue ETAyoyYn ¢ Tpog Tov aptiud
TOV EOOTEPXOY XOUBLY, EVG TG «=» UE ETAYOYH O TPOS TWY APl TwY
Brudtev Tne axoioublag Tagaywydy (doxnom).



Avpopolpeveg yYpappatixés (ambiguous grammars)

OpLopdg 4.4.6. M ypopuatind G ovopdZeton Sipopodusvy (ambiguous) av
undpyouv dbo cuvtaxTixd devdpa mou va Eyouv wg gUlepa eva w € L(G).

Mo mopdderyua, v oupBoiouxoroubia 3 4+ 2 + 4 avixel otnv L(Gs), Tou
napoadelyuatog 4.4.2, oehido 65 xon undpyouv 800 cuvTaxTIXd BEVBpL TOU AVTL-
GTOLYOUV OE AUTYV, Onwg galvetal oto oyfua 4.2, [Tap'oia autd, unogolue va
HOTUOXEUVAGOUUE Ulel YpouaTixTr Tou elvan teoddvaur ue tnv Ga xon 1) onola

Sev elvan Bupopoluevr (doxrnor).

: :

/N /N

PN N
oL

Poyuar 4.2: LuvtoxTixd dEvpal SLPopoUEVNS YRUUUATIXNG



Yrdpyouv duwe xal yhtooesg ywple oupppaldueva, Yo Tig onolec dheg ol
YPOUUOTIXEG TIOU TIC TUPAYOUY ELVOL AVAYXAGTIXA SLPOpOUMEVES:

OpLopde 4.4.7. M yhdoou ywplc ouugealdueva ovopdletal eyyeves di-
popovuevy (inherently ambiguous) ov dheg ol ypopuaTinég Tou TNy Tapdyouy
elvan dupopoueves.

Mopdderypa 4.4.8. H yhdoou ywplc ovuppaldueva {a'b/c® [i=j Vv j=k}
clvo EYYEVOS Slpopoluev,.



ATtAottoinoh IpappaTtikwy

Eival duvatov va amhonoljooude pla ypoupatixn yoplc cupppaldueve g
eghic: Kputdue uévov ta atpola mou ypewdlovton (yio nopdderypa eSaielpou-
ME OhaL To W) TEpUATIXE Tou dev mopdyouv aupfBohouxohoubles uE TEpUUTIXG
xol Oha to olpfola tou dev unopotv va epgavicliodv oe xapla Tapaywyr Tou
Zexivdel and to apyxnd olufolo). Enlorng, unopolue va elaheldoupe xavoveg
tou tunou A — B (unit productions).

Emmiéov, av 1o £ 8ev avixel otny L, dev yperdlovtol xovOveES TapaywYc
e wopyfic A — £ (e-productions).



Kavovikéc Moppéc

Ozdenua 3.4.9 (Kavovixtg wopehc Chomsky, CNF). Kdbe c.f. yAdooa
yoplc To € mapdyetar and uia yeauuatixh otny onola dAes ot rapaywyés elva
e uopyhic A — BC A — a. dnov A, B, C uctafintéc xat a tepuatixd.

Ozdpnue 3.4.10 (Kavovixvis wopehis Greibach, GNF). Kdfrc c.f. yAdo-
ot ywplc T0 € mapdyetal and uia ypauuatixll otny ornola 6Aec ot mapayw yés
elvar tne uopphic A — aa, érov a € V¥, a € T.

ATO YPUUUATIXES OTLS TUPATIAVW XAVOWXES MOPYPES, TEOXUTTOUV OYETLXY
aniolotepa cuvtaxTxd devdpa: yia tnyv CNF ta ouvtaxtixd d€vipa €youy nd-
Vy1oTE SLaxAddwon Fabuod 0o av TpoxinTouy UeTaBANTES, ahAGS and ula ue-
Ta3ANTA TpoXUTTEL £va UbVoY QUAAO (Tepuatixd oluforo), evéd yia tny GNF,
Ta aplatepd Tondid xdbe wdufou elvar tdvtote TeguaTixd oluBoAd.



AAyop1Bpoc CYK

MnopouUue vo eXUETAAAEUTOUUE QUTES TLS WBLOTNTES TWY CGUVTAXTIXOV GEV-
OpWV YL Vo ETLAUCOUUE TAYUTERY OPLOUEVA TIPOBAAUATY OTWE AV XATOLY GUU-
Bolooepd = avixel oTNY YAOOOX TIOU TARAYEL WA YpauuaTixh: Aedougyng
YeouMaTIX S Yopls cuupealoueva G, Oyt anapaltnta O XAVOWXY) HOROY),
UTIEEYEL UNYAVLOTIXOS aAYOpuog o onolog yia onowadrnote cuu3oiooelpd
anoxpivetar av z € L(G) A éyr. Ty, av cuotnuatixd xataoxeudoouus GAeg
TS TAPAYOMEVES ouUfolooelges xatd auouca aelpd UAXoug, TOTE UTOpOoUlE
va anooacioovue edv £ € L(G). O aiybpBuog dune elvar exBetixol ypdvou
ws TEog To Uhxog TNe ouufiorooslpds etaddou. Ay duwe 1 YpauuaTixr| dlvetar
oe xavovixh ropp? Chomsky, téte undpyel Tayitepog arydelbiuog, Ttoiunho-
xétrag O(|z]?), o Aeybuevog ahybpbuog CYK (amd toug Cocke, Younger,
Kasami):



function CYK(zx: string): boolean (* assumes Chomsky n.f. x)
begin n = |z|
for : .= 1to n do
Vi ={A|(A—>a) € PA(z);i=a};
for j :=2 to n do
for . . =1ton—j3+1do
begin Vij =
for £k :=1toj—1do
V! =V/U{A|(A—> BC)e PABeVFAC eV }}
end ;
CYK =5 eV
end



Iapdderyua 3.4.11. 'Eotw ypauuatxf ae xavovxy, topeh Chomsky:
S—AB|BC, A— BAl|a, B—>CC|b C—AB|a

Yto oyfua 3.3 dlvouue tnv extéreon Tou aiyoplBuou xar To avtiotolyo ou-
VTaxTxd 6€vdpo Y eloodo = = baaba. Me ta [3€Ar), delyvouue v axoioubla
unohovtauol vl j = 4 (ufixog substring) xot ywa to substring (x)s.5 (op-
yiZet, dnhaddh, and tny Boy i = 2): Méoa og xUxAo xor Ue Tov (8o apbudb
ouufBoiillouue ta dUo substrings (cuvohixol uhxous 4) tou cuvdudlovTar Y
voL 8GBAoWY 1o (Z)2.5.

SRR T A T B A

1 B ACy AC B ACy 4 g
j=2 S.A B S,C S Ae—"  /\ /N
5 y B% Bo T AT
j=4 B S, AC b (IE A B |
j=5 8,AC .:If, zl;

Yyhua 3.3: Extéheor aiyopibuou CYK



AuTtopaTa 2Toipac
(PushDown Automata - PDA)

'Eva avtduato orolfac (push down automaton ¥ ywa cuvtoula PDA) ano-
teaettar and ula toawvla sroddou, oAl eminAgoy, os ayxéon ue ta FA,| €yel xon
ula otolfa (un ppayuevn o uéyeboc UvAUY, dAAG UE TIEPLOPLOUEVES SuvaTé-
reg npdofacne ae authy). H mpbofacn oty otola ylvetor ubvov oty
xoput auThc Ue TS e&Ag dUo Asttoupyleg:

1. push: Tonobetel va otoryelo mou dlveton otny xopuet tre otolfuc.

2. pop: Aoapel €va gtotyelo yia ypfion and tny xopuo| g otolfBac.



Ozwphate Ty YAdooa L = {wew® | w € (0 + 1)*}. T mapddetyua
110c011 € L. Na no¢ unopolue v avay vwplagouue Ty napandvew YAGooo Ue
egva PDA:

1. push(a) otnv otoifla yia xébe 0 tou cuvavtds atny gloodo,
push(b) oty otolfa yia %&b 1 Tou cuvavtés otny eloodo,
UEYPL YO CUVAVTACELS TO C

2. &udfaoce 1o C,
xé&ve pop to ototyelo g otolfag xar oLdBale napdiinia tny eloodo,
AmOdECoU Ay UTdpYeL oUMELILA Twv aTolyelkv swoddou ue ta otolyela
g otolfag (a e 0, b ue 1).



Oploubs 3.4.12. 'Eva autéuato otolBac (push down automaton 1 yia ou-
viopla PDA) elvor ula mhewddo M = (Q, X, 1,0, g5, Zo, F'), bmou:

o (): TEMELAOUEYO GUVOAD XUTATTACEWY,
o ) ahpdf3nrto elo0dov,
o I ahodfnto otolfag,

o 0: @ x(XU{e}) xTI' = Pow(@ x I'*) (nenepaouévo unoaivoia), 1
ouvdpTnon HeTdfaorg (EMLTPETOVTOL £-XIVAGELS Xol LY} VIETERUIVLOUGS),

® € () apyueh) xatdotaon,
o 7y €I apywd ouforo atny otolfa,

o I C () teAxec xaTaoTdOEC.



Yrdgyouy 800 €ldn PDA ¢ npog To anodéysabar:

1. amodsdou Stav Bploxeoar o TEA| xaTdoTAOT) Aol exels SLa3dast AN
™y Tovia etoddou, aveldptnTta and To L undpyet otny otolBa, A,

2. anodédou otav N otolfa slvar ddewa agol eyewg Swfidost 6hn Ty Tawvia
eLaboou, aveEdetnTa and Ny xatdotaoT atny onola euploxeaat (aUuBa-
on: F=0).

Avtiototya opllouue xoL v YAGOOoU Tou anodsyeTat €va PDA:

1. TAdooa nou anodéyetar oe tehx xatdotaon Lg(M)

2. M'\Gooa nou anodéyeton pe xevt otolfa L.(M)



[Mgoxewévou va yilver anodexth n Ly = {ww”™ | w € (0 4+ 1)*} yoplc
TO ONUASL ¢ oty Uéar NG ouBorocelpds YEetalOMAOTE ATUPALTATOS VA UN)
vietepivioTid PDA. Ta un vietepuiviotnind PDA slvar yvnolwg mo woyupd
amé TO VIETEQUUVLGTIXG.



> xéon c.f. yA\woowv ka1 PDA

Osdpnua 3.4.13. Ta rnapaxdtw elvar tooddvaua yia ule yAdooa L:
1. L = L¢(M,), My elvar PDA.

2. L=L/ (M), My elvat PDA.

3. H L elvat yAdooa ywelc cuuppaléueva (context free).
Hapaielnetar n Aentouepc anddeln.



["eviKEC | pappATIKEC

Tunov 0:  yevixée ypauuatixéc (general or unrestricted grammars), semi-
Thue, phrase structure
Hapaywyes: o = 8, ue ¢ F# ¢

Hopdderypa 3.5.1. L ={a?" |n € N}
S — AaCB
CB— FE|DB
all — Fa
AE — ¢
al) — Da
AD — AC
Ca — aaC




Oesopnua 4.5.2. Ta axolovba elval toodtvauoa:

1. n L yivetar anodexty and pla Turing unyavy (BAéne xepdAawo 6, evi-

tnta 6.1)
2. L=L(G), drov G elvar yevixr] ypapuatix

Xwple anddeiln. Mia tétowa yAhooo heyetol xoL avadpouixd apibuioiun (re-
cursively enumerable)- Bhéne oplopd 7.1.3 otny oehida 92.



["pappaTtikéc Me 2upppalopeva
(context sensitive)

Tonou 1: ypauuatixés ue ouuppalducya (context sensitive grammars, c.s.)
Mapaywyés a — B, ue o # €, |a| < |B| (noncontracting grammar,
non-decreasing, not € string)
H ovouacla context sensitive ogelietal otny napaxdtw evaAAaxTixy, Te-
OLYEUON AUTGY TV Ypauuatixdy: Kdébe c.s. ypauuate unopel vo tebel oc
XOUVOLXH HOPON a1V onola OhoL xavdveg Ttapaywyhc elvar NS opohc:

ajAas = a1fas, dmou A: urn tepuaTixd xaL 8 # €
N S

contexd



IMoapdderypo 4.6.1. 1"0"1", C.s. ypoupotixéc:

U y
S — 171 S—WIW,W—=1|8—WIW , W—1
Z—0|120A|Z —0|WZZA Z—0|WZZA
A0 — 0A AZ — ZA AZ — HZ,HZ — HA,
HA— ZA
Al — 11 AW — WW AW — WW

-.'_"d-
-,

‘Adha mapadelyuata Tétowwy Yhwoody: {a™b"c"}, {a'bc* |0 < i < j <

k), fww |w € X*), 0r1m0n1n,



2. X€on c.Ss. YAwoowv Kai LBA

lpapuixd gppayuévo autduato (Linearly bounded automaton (LBA)): Ei-
var ula ur-vtetepuviotixy] unyoavr] Turing (T.M.) tnc onolag 1 xepais| elvar
TEPLOPLOMEVY) VoL XLVELTAL WOVOY 6TO TURUX TNg Tawviag mou TepLEyEL Ty eloodo.
Ocedpnua 4.6.2. Ta axdlovfa elvar tooddvaua (L ywelc e):

1. n L yivetat arodexti ano LBA

2. n L eivat c.s.



Tepapxia kKAaoewv YAwoowv

Ozdenua 3.6.3 (Ispapyiag). (Cewpoiue yAdooec nov dey meptéyovy o £.)

regular(; context free (7% context sensitive (?E recursively enumerable



Kavovikéc TpappaTiKEC

YT XAVOVIXES YouUaATIXES ONOL OL XAVOVES TIapaY wYNG Elvar TNE HOpPAC:
1. delroypauxol (rightlinear): A - wB, A - w, énov w € T*, A
2. apiotepoypauuxol (leftlinear): A — Bw, A — w, énov w € T™.

Ozodenua 3.7.1. Ta xavovixd olvoda rnapdyovrar ané xavovixés (8eéio-
QPLOTEQOYPUUUIHES YOAUUATINES )



	Εισαγωγή στην�Επιστήμη των Υπολογιστών
	DFA

