KepaAalo 3 :
2uvtacn Awoowyv Npoypauuarticuou

Apyec [ Awooav Lpoypauuotiouod kar Metappaotwv

[avvng ['apo@aAdkng, 2TTUpog 210UTaG,
[MavayiwTtng Xat¢ndoukag



" A
Eilcaywyn

m O1 dlagopec Twv 'T1 oTIC ouvTakTIKEC DOUEC TOUG,
gival HEYAAUTEPEC ATTO TIC OIAPOPEC TOUC OTIC
EVVOIOAOYIKEC OOMEC. ['l.X. TO OTOIXEIO TOU TTivaKa
A otn B€on 1, ypageTai:

A(1) o1ic FORTRAN, COBOL, PL/1, Ada
A[l] omic Pascal, C, C++, Java, Python, ...
A<1> otn SNOBOL

B 2TOXOG OUVTOKTIKOU:

Kavoveg TTikoIvwviag TS TTANpOoopiag YeTacu
TTPOYPAUMATIOTN KAl HETAQPAOTH/dIEPUNVEQ.



" J
[ EVIKQ KPITAPIO ZUVTOKTIKWY Kavovwyv

m Avayvwoluotnta (readability)

Self-documenting: «@UOIK» HOPYPN EVTOAWY, OOUNMUEVEC
EVTOAEC, keywords kail noise words, evowuaTwuéva
OXOAIQ, JEYAAO UNKOG OVOUATWY, JVNUOVIKA cUUBOoAA

m EukoAia ['pagnc (writeabllity)
[TOAANEC POPEC AVTIOETO PE avayvwaoiuoTnTa
m EukoAia MeTdgppaong

[TOAAEC OUVTAKTIKEC OOUEC — OUOKOAIO OTN UETAPPACN

m ‘EAAeipyn Acageiwy
.x. ot C: if (n>0) {
If (a>b) z=a;
else z=b; }



"
2 UVTOKTIKG 2ToIxeia piag ' (1)

1. 2ZuvoAo Xapaktinpwyv (AApanTo)
 [paupara ke@aAaia kal pikpa (A,B,...,Z,a,b,...z)
 ApiBuntika yneia (0,1,...,9)

« Eidikoi xapaktipes (, . ; &S *#()[]...)
AUO apXIKEC KWOIKOTTOINOEIG XAPAKTNPWY Yia H/Y:

a. EBCDIC (Extended Binary Coded Decimal Interchange
Code) atré Tnv IBM (8 bit — 28 = 256 xapakTrpeqg)

b. ASCII (American Standard Code for Information
Interchange) a1mé ANSI (7 bit — 27 = 128 xapaKTAPES)

Twpa:

UNICODE (Universal Character Set)
16 bit — 216 = 65.536 XapaKTAPES
2upparn kwdikotroinon pe ASCII



" A
2 UVTAKTIKQ 2TOoIXEia piag I'T1 (2)

2. AvayvwploTIKa (identifiers)
OvopaTa HETABANTWY, CUVAPTACEWY, ...
3. ZUMBOAO TTPACEWYV
+* - /** && || AND OR NOT ...

4. Aegeigc KAe1d1a (keywords) kol AEOHEUMEVEG
Aéceic (reserved words)
Nééeic KAgidid: Xpnotuotrolouvtal atro 1n 11
Acoucupuéveg Né€eig. \eceic KAeIDIQ TTou dgv UTTOPEI O
TTPOYPOAUMATIOTAG VA OAAACEI TN XPNON TOUG
B H C €xel 28 deopecupéveg AEceicg (int, else, for, ...)

B Hapyxikn FORTRAN 0d¢v gixe ta DO, IF w¢
OEOMEUMEVEG AECEIC



" J
2 UVTOKTIKGO 2Tolxeia piag ' (3)

[MAEONEKTHMATA AEZMEYMENQN AE=ZEQN
EuavayvwaoTta lNpoypdupara
EUKoAN eupeon otov lNivaka 2upBoAwv atrdé MeTagppaoTn
AIEUKOAUVOUV TOV EVTOTTIONO Kal TN 010p0waon AaBwyv

MEIONEKTHMATA AEMEYMENQN AE=ZEQN
Ooo au&avovral, 1o dUCKOAO va TIC Buuartal o Xprotng

AUokoAn n emmékTaon TG I'T1 e vEEC DEOUEUNEVEG AEEEIC,
OI0TI TA TTOAIQ TTPOYPAUUATA UTTOPEI VA TIC XPNOIMOTTOIOUV
WG oOVOopaTa JETABANTWY



" J
2 UVTAKTIKA 2Toixeia piac I'T1 (4)

5. ZXOAIa kal ©opuflog
2xoAia: r.x. /* ... */ otn C, evioAnl REM otnv BASIC
@opuBoc: mr.x. otnv COBOL: GO TO <label>
6. Keva
Alapopecg xpnoeig. MN.x. otn SNOBOL €ival To gUhBoAo
TNG OUYXWVEUONC Strings
7. AlaxwplioTiKa (delimiters)
« 21 C:{...}. Z1ng ALGOL, Pascal: begin ... end
e QOpuadotroinon evioAwv
« KaAo yia apon acagpeiwy



" JA
2 UVTAKTIKA 2Toixeia piac I'T1 (4)

8. Ek@paceig (expressions)

2.UVAPTNOEIC TTOU TTPOCTTEAQUVOUV OEDOUEVA O€ £Va
TTPOYPAUMA KAl ETTICTPEPOUV HIa Tiun. T.X. :
A+B*C
9. EvVTOA£G (statements)

AnuioupyouvTal atTd CUVOUQCOHOUG EKPPATEWY Kal
AAAWV OUVTOKTIKWYV OTOIXEIWV. T.X. :

D = (A+B*C) - E/2
10. Aopun MNpoypdpuuaTtog — YITOTTPOYPOAMMATWY



" J
lepapXia 2UVTOKTIKWY ZTOIXEIWV

W YTTOTTPOYPANUATWY

N
EVTOAEQ

Exppaocig

N

AvayvwpIoTIKA 2UuBoAa || Aéceic KAeidid 2XOAIa | | Keva AlaxwpIoTIKA

\\ AAcder{: /




" A
Aopn MNpoypauuarog — Ytrotr/patwy (1)
a. =exwplaroc Opiouo¢ Ymormpoypauuarog
C, FORTRAN, Java, Python

OAa 1a TyAuaTa KwdIKa gival “uttoTTpoypAuuaTa’

KaBe utrotrpdypappa Bewpeital dIakpITH OUVTOKTIKI
uovaoda, JTTopEl va JETAPPACETAl XWPIOTA KAl va
ouvOEovTal OAa OTAV YiVETAI POPTWON

b. =Zexwpioroc Opiouog Asdousvwy
Java, Python, C++, Smalltalk: Mnxaviopog KAGoewvV

Opadotroinon Twv AEITOUpPYIWVY TToU XelpidovTtal Eva
dedopEVo data object

C. QDwAiaouévoc Opiouodc Ymormpoypauuarog
Pascal, ALGOL, JavaScript, Python

lepapXIKOC OpIoUOC UTT/TOC NEoQ o€ UTT/pa. AuvartoTnta
OPIOHOU EUREAEIOG. ZTATIKOC EAEYXOC TUTTWV.



"
Aopn lNpoypauuartog — Y1rotr/hatwy (2)

d. =exwplioroc Opiouog Interface
C, C++, Ada
AuvaTtortnra xpnong file operations Tou AZ (.h kai .c file
specs Tou make otn C)
e. [lepiypapéc OEOOUEVWV XWPIOTEC ATTO TIC
EKTEAETIUEC EVTOAEC

COBOL
OAa 1a data civai global. Data kai procedure divisions

f.  Mn-ywpioroi Opiouoi YTormpoypauuarwy
BASIC, SNOBOL

Kauia opyavwon. Ta utr/uara gmropouv va Xpnoluo-
TToINBoUV Kal atrd AAAQ TUAUATA TOU TTPOYPAUMATOG



" S
daoeic Metdppaong (1)

m KaBe Pdaon dExeTal we €i0000 £va TTPOYPANMA
I000UVAUO UE TO APXIKO O€ KATTOIO JopPPn Kal TTapAyYEl
WG £C000 TO idI0 TTPOYPAUUA O GAAN yopPn.

m AUo 2T1adia:

AvaAuon tnyaiou trpoypdaupaTog (3 Paccig)
20vOson ekteAéoipou KwoIka (3-4 Paocciq)

m ApIBuoc MNMepaoudaTwy TTNYaiou KWOIKA:
2UVvNOwWC: 2 TrTepAopaTa avTioToIXa JE Ta 2 2T1AdIdA
[TOAAEGC QOpEC: 3 TTEPACUATA:

= AvaAuon TTnyaiou Kwoika

® —avaypAWIuo TTNyaiou KWAIKa JE aAyoplBuoug BeATIOTOTTOINONG
m Anuioupyia EKTEAECIUOU KWOIKA



"
Pdaoeic Metdppaonc (2)

Character stream ~

e [51:&1111&1‘ (lexical alla-]}’EiE::lj

_,—:--"'_-'-'--'-
F

e
é ( Parser (syntax analysis) j
—

S~ ( Semantic analysis and \

Token stream

21ad10 AvaAuong Parse tree

__— \ntermediate code generatlmjl/'
Abstract syntax tree or <

-

210010 2UvOEonGg other intermediate form Machine-independent j
al)

Tl
_— \code improvement (option
Modified intermediate form =<

T :
- Target code generation
Assembly or machine language, <

or other target language H“'H Machine-specific j
al)

_— \code improvement {option

Modified target language

-
( Symbol table j




" J
daoeic AvaAuong TTnyaiou Trpoyp/Tog (1)

m \e€ikn Avaiuaon (lexical analysis — scanning)

H akoAoubBia xapakTipwyv ToU apXIKOU TTPOYPAMMOATOC
XwpEiCeTal o€ BACIKA OUVTAKTIKA oToIXEia — tokens — OTTwG:
AVAYyVWPIOTIKA, OUMPOAQ, AEEEIC KAEIDIQ, ...

MTttaivel TYPE TAG o¢g KG0B¢ token

Eicayovtal Ta tokens otov livaka 2uufoAwyv (symbol
table) agou £xouv peTaTpatrei o€ KATAAANAN ECWTEPIKN
avatrapaoTaon

YTTOAOYIOTIKO MOVTEAO AECIKAG avAAuoNG:

[Merepaouéva Autopara (finite-state automata)



" J
daoeic AvaAuong TTnyaiou TTpoyp/Tog (2)

m 2 UVTAKTIKA AvaAuon (syntax analysis — parsing)

AvayvwpilovTal TO CUVTAKTIKA OTOIXEIO UWPNnAOTEPOU
EMITTEOOU (EKPPAOCEIC, EVTOAEG, UTTOTTPOYPAMMATA)

2UVNOwc¢ evaAAdooeTal pe TNV eTTopevn Pdaon
(onuaaioAoyikr avaAuaon)

O1 dU0 PACEIC «ETTIKOIVWVOUV» NEOW MIag stack, otnv
OTTOI0 O CUVTOKTIKOC aVvAAUTAC TOTTOBETEI TA OTOIXEIO TTOU
avayvwpicel

[MapayeTal To Aévipo 2uvrakTiknG AvaAuoncg (parse tree)
TTOU OIVEI KaI TNV IEPAPXIA TWV CUVTAKTIKWY OTOIXEIWV

Tutrog [ pappATIKAC VIO OUVTOKTIKA avaAuaon:
[[Awooec Xwpic Zupgpalouceva (context-free languages)



" S
ddoeic AvaAuonc ttnyaiou Trpoyp/Toc (3)

m 2 nuacioAoyikr) AvaAuon (semantic analysis)

KevTpiko THAMA TG HETAPpPaoNnG. Eival n yepupa peTagu
avaAuong kail ouvleong

Apxicel Kal dlauop@PWVETAI N OOUN EKTEAETINOU KWOIKA
2TATIKOC EAEYXOC TUTTWYV KAl TTAPAUETPWYV UTTOTTP/TWV
AAAEC AeiTOupYieG:

m 2uvrnpnon lNivaka 2uuBoAwyv (XpnoIUoTToIEiTal aTTO YAWOOEC Kal
OTO run time, 1.X. av £xel dnuioupyia HETABANTWY XWPIC opIoHO, N
o¢ debugging ottwg oto dbx Tou UNIX)

m Eicaywyn evowuarwuévng (implicit) mAnpogopiag (11.X. TUTTOC
ueTapAnTwY TNG FORTRAN pe Baon 10 apxiko ypAupa Toug)

m Evromouog AaBwyv (1Tou dev evroTri(ovTal 0T OUVTOKTIKA avaAuon)

m Macro processing (avTIKATAOTAON MAacro Pe Tov KWOIKA TOU)

s Compile-time operations



" S
Pdaoeic 20vBeonc¢ ekTeEAETINOU KWOIKA (1)

m Anuioupyia Evdiaueocou Kwdika (intermediate code
generation)

[MapayeTal akoAouBia operators — opICUATWY

m BeATioTotroinon KwoIKa aveeapTnTa atro pNxavn
(machine independent code improvement)
YTTOAOYIOUOG KOIVWYV UTTO-EKPPATCEWY Mia popa
AtTopdkpuvon otaBepwyv Asitoupyiwyv atrd loops
BeATioTOoTTOiNON TNG XPNONG registers



PdaoeIc 20vOeonc¢ ekTEAETINOU KWOIKA (2)

[Mapdadelyua BeATioTotroinonc: EvioAn A = B+C+D

Load register with B

Add C to register

Store reqister in Templ
Load register with Temp1l
Add D to register

Store register in Temp2
Load register with Temp?2

2.€ KEVOIAUETO» KWOIKA: 2.€ «TENIKO» KWOIKQ:
a) Templ=B+C 1.
b) Temp2 =Templ + D :> g
c) A=Temp2 4:
5.
6.
7.
8.

Store register in A

Ta Ceuyapla evioAwv 3-4 kal 6-7 ToU «TEAIKOU»
KWOIKA, JTTOPOUV va agaipebouyv - BeATiOTOTTOINON



"
TUTTIKOC OPITUOG 2ZUVTOKTIKOU

m 2T70x0C¢ — AKpPIBEIC opiopoi ouvTakTikou Twv [T1 yia
TOUC XPNOTEC Kal UAOTTOINTEC TWV [T]

m EmimmAéov — Baon yia 1N AECIKN KAl OUVTAKTIKNA
avAAuon ATTO TOUC METOPPACTEC

m O TuttIKOC (POPPAAIOTIKOC) OPIOUOC TOU 2ZUVTAKTIKOU
uiag ' ovopadetal FpaMMATIKA
m Mia [ pauuaTIK aQrroTeAEiTal ATTo:
‘Eva TTETTEPACTUEVO OUVOAO oUUBOAwWY — AAN@aBnTOo
‘Eva TeTTEPAOUEVO OUVOAO opiouwyv (Kavoveg i)

MNapaywyég) TTou kabBopilouv TIC AKOAOUBIEC XAPAKTIPWY
(A tokens) 1TTou doPOUV ETTITPETITA TTPOYPAPMaTa TNG [T



" A
Tummkn I'pappartikn (formal grammar)

m [ PAUUATIKA OPICPEVN UE TN XPNON AuoTnpPa
KaBoplopEvnNe onueioypagiac (notation)

m [1.x. n onueioypagia BNF (Backus Naur Form) yia
TOV OPIOMNO [ pauMATIKWY XWPIC cup@paloueva
(context-free grammars)

Eueadvion otnv avagopda t1ng ALGOL (1960)

Tnv idia trepitrou emmoxn (1959) o yAwoooAdyoc Noam
Chomsky avetTuge 1n Bewpia Tou yia TIC [ PAUMATIKES
O1 dUo TTpooEyyioeIC atTodeiXTNKAV I00OUVAUES



"
Tumkeg N'Awooec (formal languages)

m [0 OUVTOKTIKO TOUC OopileTal ATTO TUTTIKEC
[ POMMOTIKEC
m [1apia Tumkn FA\wooa L xpeialovrai:

1. 'Eva AA@aBNnTO Z dIaKPITWY CUURBOAWY

2. 'Eva ouvoAo kavovwyv P 1Tou kaBopilouv TToleC
aKOoAouBieC (N AECEIC) OUPPOAWY TOU Z €ival ATTOOEKTEC
otnv L
Ta maparmravw 1 kai 2 ovopddlovral I pauuartikn oTo 2.

AnAadn, yia IN'pappartikn G ivar eva Ceuyapl (2, P)
TToU TTapayel 1N YAwooa L(G)



" A
‘Eva rapdadeiypa Tummkng NA\wooacg

m H yAwooa L(B) ={0.00 0.01 0.10 0.11} ueB = (2, P)
gival OAoI o1 yn-apvnTiKoi OUAdIKOI apIBuoi HIKPOTEPOI
atro 1, Je OUO UTTO-OUODIKA Wnoia.

mZ={0.1) N={S, S,1 S’2 SIS SUVTQKTIKES
Karnyopie¢c N Mn-Tepuarika
m P={ R1:5,—0S, SuuBoAa
R2: S5, — .5,
R3: S, > 0S;  Start = 5 : Apxiké 2uuBoAo (start
R4: S, — 18, symbol). H O'UV’T(XKTIKf] KATnyopia
TOU TTIO UWYNnAoOU €TTITTEOOU
R5: S, — 0
R6:S; —1 MeTacUpBoAo



‘Eva rapdadeiypa Tutmkng N\ wooac (2)

m [lapaywyn R:a— 3

‘Eva vEo string TTapayetal ge Tn Xpnon g

TTapaywyns R, avtikaBiotwvTag 10 a Ye 10 B

m Anuioupyia (derivation) Tou string 0.01:

R1 R?2 R3 R6
S,= 0S, = 0.S, = 0.0S, = 0.01

[1pETTEI PE OIADOXIKEC XPNOTEIC TTAPAYWYWV,

R1: S, — 0S;
R2:S, — .S,
R3: S, — 0S,
R4: S, —» 1S,
R5:S;,—-0
R6: S; — 1

CEKIVWVTAC aT1TO TO Start symbol, va KataAfiyouue

O£ ATTO0EKTO String TNC YAwWooaAg




‘Eva Trapadeiypa Tutnikng Nwaooac (3)

/\

R1 —
/ \
R2 —
/ \
R3 — 0 83
R6 —

AEvTpo 2uvTakTIKNG AvaAuong Tou string 0.01

R1: S, — 0S;
R2:S; — .S,
R3: S, — 0S,
R4:S, - 1S,
R5:S;—0
R6: S; — 1




2uotnua MNapaywyng

G =(Z, N, P, Start)

oTTou Start € 2 u N



" A
lepapxia [ pAPPATIKWY

m AvaAoya UE TO €i00C TWV TTAPAYWYWYV, UTTAPXOUV
TEAIKA UOVO 4 TUTTOI TUTTIKWYV YAWOOWV
m [YTIO2 TANQ22A2 «— OEQPHTIKH MHXANH
(avayvwpileTal aTro)
m EpwTthuara:
[Tolol TTEPIOPICUOI €ival BACIKOi KAl TTOI0l OXI;

Me €va €idog Kavovwy, TI TTPOBANUATA AUvovTal;

Me €va TUTTO YAWOOOAC, TTOIEC BEWPNTIKEC NXAVEC
avayvwpifouv Ta «VOMIMO» Strings;

MTTOpEi N BewpPNTIK pNXavr) va avayvwpeioel strings
ATTEIPOU MNKOUC;



"

[[Awooec Tou Chomsky

TYNOZZ 0: FTAwooeg Xwpig TTEPIOPICHOUG

TYNOZ 1: TA\wooeg pe cupppalopeva

TYNOZ 2: TA\wooeg Xwpig oupppalopeva

TYNOZ 3: Kavovikég FAwooeg




"
Tutroc 3. Kavovikee 'Awooeg
(regular languages)

m Hl'pauuarikn G = (2, N, P, Start) €ival kavovikn,
Qv Ol TTapAYWYEC TNGC €ival TNC HOPPNC:
A—-a n A—-aB omou A,BeN kal ae2

m AnAadn, To TTPWTO CUUBOAO OECId TOU — €ival
TEPUATIKO KAl JTTOPEI VO akoAouBeiTal atro un-
TEPUATIKO OUNBOAO

m KataAAnAecg via Aeikn avaAuon
m AvayvwpilovTal aTro ITEMELACUEVA aQuTOUATA



" S
[Mapadeiyua Kavovikne I pauuaTikng

X—al..|z|laL|...|zL
L—alL]|...|]zL|OL|...|9L|a]|...|z|O]...|9

| - EVOAANQKTIKOC Kavovag — 1 (ueracuuBoAo)

[Meprypagel ovopaTa X (T1.X. METABANTWYV) TTOU €ival Eva PIKPO
YPAMMA, 1 Eva JIKPO YPAUMO TTOU akoAouBegiTal atro
akKoAouBia PIKpWV YPauMATWY R/Kal apiBuNTIKWY Yneiwv.

[1.x. a, h7, kds0O9u7

EvaAAakTIKR looduvaun Kavovikn MpauuaTIKA:
X—alL|...|zL
L—alL|...]zL|OL|...|9L |a]|...|z|0|...]9]|€



"
Tutroc 2: Awooeg Xwpic aupppalopeva
(context-free languages)

m Hl'pauuarikn G = (Z, N, P, Start) ival xwpic
oup@palodevVa, av Ol TTaPAYWYEC TNG €ival TNC
HOPPNG:

A—s omou AeN kal se2uN

m Ovopadlovral €101, OIOTI AVTIKATAOTACEIC UTTOPOUV

Va YIVOUV OTTOUONTTOTE EP@PAVICETAI UN-TEPMUATIKO

oUMPBOAO, Xwpic va AauBavovTal uttToyn 1O
TepIBAAAovTa ocuuoAa (context)

m KAaTAAANAEC yIa QUVTAKTIKN avaAuan
m AvayvwpilovTal atro push-down aurouara



" B
To Napadeiyua

X—al..|lz|laL|...|zL
L—alL]|...]zL|OL|...|9L|a]|...|z|O]...|]9

UTTOPEI VO YPAPEi WC:

X— L |XL|XD
L—>a|...|z
D—>0]|..|9

AANQG Twpa OeV g€ival KAOVOVIKN YPAUMATIKN...
Eival opwcg context-free.

( Marti TTpETTEl VO UTTApPXEl TWpPa TO D) )



" S
Tutroc 1. FAwooeg pe oupppalopeva
(context-sensitive languages)

m Hl'pauuarikn G = (Z, N, P, Start) sival pe
oup@palopeva, av ol TTapaAywyEC gival TNG HOPPNG:
oa— B OTtou:

1. TO a YTTOPEI VO TTEPIEXEI TTEPIOCOTEPA ATTO 1 oUuBoAa
(TouAaxioTov 1 Pn-TEPUATIKO)

2. (MAkoc¢ Tou a) < (Mrkocg Tou B)
m [Jlapadeiyua: aB — ab, cB — bc
(Ta a Kai ¢ €ival To context)
m Avayvwpilovtal atro linear-bounded aurouara



"
Tutroc 0: 'Awooeg XwpPIC TTEPIOPICUOUC

m Hl'pauuarikn G = (Z, N, P, Start) €ival xwpic
TTEPIOPICHOUC, AV Ol TTAPAYWYEC ival TG HOPEPNC:
oa— B OTtou:

To a YTTOPEI va TTEPIEXEI TTEPIOCOTEPA ATTO 1 oUuuoAa
(TouAaxioTov 1 Pn-TEPUATIKO)

m Avayvwpilovtal atro Mnyavéc Turing



" J
Aecikn Avaiuon (1)

ApxIko lNpoypapua Tokens (oTov NMivaka 2ZuuBoAwv)
VARIABLE /x

X =37 ASSIGN SYMBOL

[* result */ | Aegiki AvéAuon ., INTEGER /37

RETURN X RETURN
VARIABLE /x

m Mnxavr) avayvwpiong tokens:
[lerepaouéva Autouara <~ KavovikEC EKQpaaeIc
Finite State Automata Reqgular Expressions

m Eva [Nemrepaocuévo AutouaTto yia KaBe €idoc token
(METABANTEC, CUUPBOAQ, AECeIc KAEIDIQ, ...)



"
NAegikn Avaiuaon (2)

m Mia Kavovikn ‘Ek@paon (KE) €ival Eva atro 1a:
‘Evacg xapakTipag
To € guuBoAo (TitTToTa — empty)
Auo KE n pia dittAa atnv GAAn
Auo KE xwploueveg ue | (N)
Mia KE akoAouBouUpevn atd 1o Kleene Star: X*
(ouvévwon 0 N repicooTepwv Kavovikwyv Ekppdoewy X)

XpnoiyoTroiouvTal £TTioONG, YIa CUVTOUIa, Ta cUUBOAQ:
B X7 & XX* (11 mepioodTepa X)

m X? & X|e (kaveva N 1 X)

mc—g <& cl|d|e|f]|g

m (X) & yia kaBopiopo mrpotepaiotnTag TG KE



NAecikn Avaiuon (3)

m Kavovikégs TAwWooEG:
AnuioupyouvTtal atmo Kavovikec Ekppaaoel

Kal avayvwpilovTal atro [lemepacusva
Aurouara

m [ 10 TN dnuioupyia Awoowv Xwpic
2Uuppalousva, apkei N TpoodnNkn
duvatotTnTac Avadpounc.



" J
Aecikn Avaiuon (4)

m [lapadeiypa Kavovikwyv Ek@paocewyv:

21NV Pascal yia Tnv TTapaywyr) Kai avayvwplion
apIOuwyV (m.x.: 34 8.76 54e22 61.7E-89), 0l KavoVIKOi
Opiouoi (Ta TTapaKATW ovouara OeV €ival OUVTOKTIKEC
KATNYOpIEC, iowc Ba ytropouoav va Yivouv)

digt. — 0| 1] 2]|3]4]|56]|6|7]|8]29

unsigned_integer —  digit digit *

unsigned_number —  unsigned_integer ( (. unsigned_integer) | €)
(((e | E) (+ | - | € ) unsigned_integer) | €)

gival avTioToIXn TNG OUVOTITIKNG KAVOVIKNG EKPPAONC:
0-9)"((0-9")?(e|E)+]-)?(0-9)")?



Aecikn Availuon (5)

m H avTioTolxn TUTTIKN YPAUMATIKN, £XEl TOUC
TTAPATTAVW KAVOVEC O€ avTifeTn ocIpa
(To unsigned_number Ba €ival To start
symbol)

m ATTOOEIKVUETAI OTI EVA OUVOAO KOVOVIKWYV
EKPPACEWV, €ival AVTIOTOIXO UE TUTTIKN
KAaVOVIKN YoauUUATIKA.
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Aecikn AvaAuon (6)

m [lerepaocpueéva AutTopaTta
Finite State Automata — FSA

m [pOTTOC ALITOUPYIAC:
Alafadel KABe popa Eva XapaAKTAPA ATTO APICTEPQA.
«AtTo@aailel» av To string Trou £xel di1aacel HEXPI
TWPEA, gival atrodekTo WC token. H atrogpaon autn
KaBopileTal a1TO TNV «KATACTACN» OTNV OTToia BpioKeTAl
TO QUTOMOTO PETA TNV AvVAYVWON TOU TEAEUTAIOU
XOPAKTNPA.
Ortav avayvwploTei 011 TEAEiwWoE N AEEn, To token cival

ATTOOEKTO AV TO AQUTOUATO PBPEDEI O€ «TEAIKA KATAOTACN Y.
Av Bpebei o€ AAAN KaTtdoTaon, Ogv YiveTal ATTOOEKTO.



" JJd
NAegikn Avaiuan (7)

m [lapadeiyua:
[leTTeEpaocEVO AUTOUATO TTOU avayvVweIlEl
OUadIKOUC apIBUOUC Ol OTTOIOI £XOUV TTEPITTO
apIOuO aTTo 1

Tehik) KataoTaon

Apxiki Kataotaon

Avtiotoixn KE: 0*10*(10*10*)* n (0*10*1)*0*10*



Aecikn Avaiuon (8)

m |coduvaun avatrapaoToon:
[livaka¢ Karaoraoewv — MeraBaocswv

TpExouoa XapakTApag NEa KaraoTtaon | Atrodoxn token
KardoTtaon TToU dlaBadeTal

A 0 A OX

A 1 B NA

B 0 B NA

B 1 A OX




" J
Aecikn AvaAuon (9)

Apxikiy KatdoTtaon Tehiki KardoTaon

m /\Aeitoupyia Tou FSA via tnv eicodo 100101.:

Avavaqpévm NEa KardoTtaon ATrodoxr) token
XOPAKTNPEG

A OX
1 B NA
10 B NA
100 B NA
1001 A OX
10010 A OX
100101 B NA




" J
Aecikn AvaAuon (10)

m Eva [Nemrepacpévo AUTOUATO EXEI:
Mia apXIKf KatdoToon
Mia ] TTEPICOOTEPEC TEAIKES KATAOTAOEIG
‘Eva ouvoAo peTafdoewv

m KdaBg string 1Tou cekivael 1o lNerepacpevo AuTOpaTO
QTTO TNV APXIKN KATAOTAON, KAl TEAEIWVEI OE UId
TEAIKN KATAOTOON, €ival atTToOEKTO token.

m [allerepacpeva AutTopara TTOU XPNOIPOTTOIOUME
€ival VTETEPMIVIOTIKA.

B Mn-VTETEPMUIVIOTIKA £ival QUTA TTOU £€XOUV
TTEPIOCOTEPEC ATTO Hia peTapaoelc pe 1o id1o label.



" A
NAegikn Avaiuon (11)

m YAotroinon:
KaBe kardoTtaon €ival hia pouTiva Tou TTPOYPANUATOS TTOU
UAoTTolEi TO FSA

O Ae€Iko¢ avaAuTnc ¢ekiva ne GETCHAR atro apioTtepaq,
KaAwvTag eva FSA

AV 0 AeCIKOG avaAuTh¢ Oev @TACEI O€ TEAIKI) KATAOTAON
TOU TPEXOVTOG FSA, ETTIOTPEPEI OTOV APXIKO XAPAKTHPO
Kal CEKIVA €va aANo FSA
m 21NV Aoknon 6a XpnOIJOTIOINOOUME TO YEVVITOPO
Ae€ikwv avaAuTtwy flex tTou Baaoiletal oe FSAS



" A
NAegIikn AvaAuon (12)
m 20 [Napadeiyua:

[leTTeEpaocEVO AUTOUATO TTOU avayvVweIlEl
OuUadIKOUC aplBuoUC Ol OTToI0I £XOUV APTIO APIBUO

atro 1
0 . o

ApXIKN Kal
TeAIKA
KardoTtaon

Avtiotoixn KE: 0*(10*10*)* n (0*10*1)*0*




Aecikn AvaAuon (13)

[livaka¢ Karaoraoewv — MeraBaoswv

TpExouoa XapakTApag NEa KaraoTtaon | Atrodoxn token
KardoTtaon TToU dlaBadeTal

A 0 A NA

A 1 B OX

B 0 B OX

B 1 A NA




Aecikn Avaiuon (14)

m /\Aeitoupyia Tou FSA via tnv eicodo 100101.:

Avavaqpévm NEa KardoTtaon ATrodoxr) token
XOPAKTNPEG

A NA
1 B OX
10 B OX
100 B OX
1001 A NA
10010 A NA
100101 B OX




" S
Aecikn AvaAuon (15)

m 30 [Napadeiyua:
[leTTeEpacuEVO AUTOUATO TTOU avayvwpilel
OUadIKOUC aplBuOoUC Ol OTToI0I £XOUV APTIO APIBUO
atro 1, Xwpic 10 €:

Avtiotoixn KE: 0* | (0*10*10*) *



" A
Aecikn AvaAuon (16)

m 40 [Napadeiyua:
[leTrepaouEVO AUTOUATO TTOU avayvwpeilel ovouaTa
METABANTWYV TTOU OpXiCOUV UE YPAUUQA Kal
QTTOTEAOUVTAI ATTO YPAUUATA KAl apIBunTIKA yneia

Fpappan
yneio

Mpduua
A
| AMAo ' AMo
: ;
ERROR A ERROR A

aAAo FSA aAAo FSA



" A
Aegikn Avaiuon (17)

m 50 [lapadeiyua:
[leTTeEpacuEVO AUTOUATO TTOU avayvwpilel
TTPOCNUACUEVOUC N UN-TTPOCNUACHEVOUC
OKEPAIOUG apIOOUC

WYnoio ¥neio

Avtictoixn KE:  (+]-)?(0-9)"
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2. UVTOKTIKA AvaAuaon (1)

m [ 10 TN 2UVTOKTIK AvaAuan gival KATaAANAEC ol
[ pappaTIKEC XWwpPIc 2uuppalousva

m Tummkn onueioypagia BNF (Backus Naur Form) yia
TOV OPIONO [ pappaATIKWY XWEIC 2uu@palopeva
(context-free grammars)

m MetaoupuBoAa t1n¢ onueioypagiac BNF, yia Tov
OPIOUO TWV KAavOvwyY TnG N'Awooac:
= opPICETAl WG
| EVOAAQKTIKOG KAvVOvVaC — N
<...> Mn-TeppaTikOG OUUPBOAO (OUVTAKTIKI KOTNYOPIQ)



" A
2. UVTOKTIKA AvaAuon (2)
m Kal n Aeéikn AvaAuon Ba utropouace va gival JEPOC TNG
2 UVTaKTIKNC. I'1.x. n BNF [ papuarikn:
<yneio>:=0|1[2]|3|4|5|6]|7|8]|9
n otroia opidel Tov TUTTO token «apIOuUNTIKO Ywn@io».

m AIOTI ol Kavovikeg T'Awaooec (AeCikn avaAuan), ival
UTTOOUVOAO TwV NAwoowv Xwpic 2upepaloueva
(OUVTAKTIKA avaAuan).

m Me 1ic TAwooec Xwpic 2uuepalopeva, UTTOPOUUE va
TTEQIYPAWOUE TTIO ouvOeTEC YAWOoOoEC. .X.

<UTTO-OUVONKN eVTOAN> .= Iif <AoyIKN EKppaon> then <evtoAn>
else <evioAn> | if <Aoyikn Ekppaon> then <evtoAn>



" A
2. UVTAKTIKA AvaAuon (3)
m XpNOoIUun Jopepn Kavova, n avadpoun:.

<MN-TTPOO. AKEPAIOC> (:= <WYNnPio> | <YN-TTPOC. AKEPAIOG™> <Yn@io>
<yneio>:=0[1]2]3]|4|5|6|7|8]|9

m Mia pikpn BNF ['papuatikni:
<¢kppaon> :=1d | ap | <€kppaaon> <mpagn> <¢kppacn> |
| (<é€kppaon>) | - <ékppaon>
<mpagn>:=+|-|[*|/[1

otrou: id ap cival €idn token avayvwpiopeva otn Agéikn avaiuon
(id = avayvwploTiké/ovoua, ap = aplOuog)
<¢k@paaon> = start symbol



" A
2. UVTAKTIKA AvaAuon (4)

m Avayvwpion CwWOoTWV TTPOYPAMMATWV:

Top — down Parsing — A&évipo ZUVTOKTIKAG
Avaluong (Parse Tree)

m [1.x. yia Tnv ékppaocn A—-C
<ékgppaon> = id | ap | <€kppaon> <mpdagn> <ékppaon> |
| (<€kppaon>) | - <ékppaon>
<mpagn>:=+|[-|*|/]1

<éK@paon>
<éEK@Ppaon> <mpagn> <éKQpaon>

id (A) - id (©)



" A
2 UVTOKTIK AvaAuon (5)

m [lpétrel, CekivwvTag pe pia 1o start symbol, va
ONUIoUpPYEiTal Eva OEVTPO, TTOU PUAAC TOU gival n
aKOAouBia XapaKTApwyV TTou BEAOUNE va
AVAYVWPIOTEI.

m O1 akoAouBiec XapaKTAPWV TTOU JTTOPOUV VO
dnuioupynBouv atrd 1o start symbol pe karroio
parse tree, cuykpoTtouv 1n N'Awaooca 1Tou opilel n
[ pOUMATIKA.

m [0 AEvTpo 2UVTOKTIKNG AvaAuong via TV
avayvwplion TG ékppaonc (A +B) * C .



"

2 UVTaKTIKA AvaAuon (6)

Parse Tree yia T1o:
(A+B)*C

<éK@poaon>

N

<éK@poaon>

(

<éK@paon>

id (A)

/

)

\

<mpAagn> <ék@paon>

<éKQpaon>

<mpagn>

*

id (B)

T~

<éKQpaon>

<ékppaon> ::=id | ap | <ékppaon> <mpdgn> <ékppaon> |
| (<€kppaan>) | - <ékppaon>
<mpdgn> =+ |[-[*|/]1
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2. UVTAKTIKA AvaAuaon (7)

<ékppaon> ::= id | ap | <€kppaon> <mpdagn> <ékppaon> |
| (<ékppaon>) | - <ékppaon>
<mpagn>:u=+|-[*|/]1

Parse Tree yia 10: <ékppaon>

Ay T T

<EKQPpaon> <mwpagn> <éKQpaon>
( <ék@paon> )  « id (C)

<EKQPPpAoN> <mpPAaA{nN> <EkPpaon>

id (A) + ? (ERROR)
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2. UVTAKTIKA AvaAuaon (8)

Mia T1TI0 ouvBeTn ' pappaTiki:

<A> '=<E>=<B>

<B>:=<C>|<B>+<C>|<B>-<(C>

<C>:=<D>|<C>*<D>|<C>/<D>

<D>:=<E>|ap | (<B>)
<E>:=1i1d | 1d [<F>]

<F>:.=<B>|<F>,<B>
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2. UVTAKTIKA AvaAuaon (8)

Eival yia I'pappaTtikn yia evToAEC avaBeonc:

<eVTOAN avaleong> .= <peTafBANTA> = <€KPpaon>
<EKPPAON> ::= <OPOGC> | <EKPPOAON> + <OPOGC> |

| <€kppaon> - <0pog>
<OpPOG> ;= <TTAPAYOVTAG> | <OPOG> * <TTaAPAYOVTAG> |

| <6poc> / <tTapayovrac>
<TTaPAYOVTAG> ::= <HETABRANTA> | ap | (<Ekppaon>)
<getraBAnt> ::=id | id [<AioTO DEIKTWV>]
<AiOTa OEIKTWV> i= <€KPPAON> | <AiOTa OEIKTWV> , <EKPpPOAON>

My. A=B+K-3  C[3,2N-4] = L[(3*P[X]-H)+67/D[9]]+4



2. UVTOKTIK) AvaAuon (9)

AEVTPO <gvroAn avabesong>
2 UVTOKTIKNG / ‘ \
AVGAUGHQ <MeTABANTH> = <éKQpaon>
YIia TO | |
id (W) <6pog>
W=Y*(U+V) [
<6pog> * <Trapdyovrag>
(" <txopoons )
; <éK@paon
<TTapayovrtag> ’ __— | ~_
<sK(p|p0(or|> + < 6p|o >
<peTaBAnTn> <6p|og> <Trapdyovrag>
<evroAn avabeong> ;= <ueTa N> = <éKppaon> <TrquV°VTa§> | 4
e ] S o e 4 e ol id (Y) | <u£Ta[3|Ar|Tr|>
<6pog> "=|<<1Té;(pgag\?;-><ézggz > * <TTapAyovTag> <“£TGB)\nTﬁ>
P |<ép‘;gil<rrgap|dvo$T:g> S | ﬂ (V)
<trapdyovTag> ::= <peTaBAnTA> | ap | (<€kppaon>)
<petaBAnTA> = id | id [<AioTa deikTWV>] ﬂ (U)

<AioTa SeIKTWV> ;= <€EKPPaON> | <AioTa SEIKTWV> , <EKPPACN>
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2. UVTaKTIKA AvaAuon (10)

<evToAn avaleong> ::= <ueTaBAnTi> = <ék@pacn>
<éEK@POON> ::= <OP0G> | <€kppaon> + <O6PogG> |

| <ékppaon> - <6pog>
<OpPOG> ::= <TTAPAYOVTAG> | <OPOG> * <TTapdyovTag> |

| <6pog> I <mrapdyovrag>
<trapayovrtag> ::= <PetaBANTA> | ap | (<€Ekppacn>)
<peTaBANTA> = id | id [<AioTa SeIkTWV>]
<AioTa OEIKTWV> ;= <€K@pPacon> | <AioTa SEIKTWV> , <EKPPACN>

EvaAAakTIKN ['papuaTikn yia Tnv idia ['Awocaoa:

<evrtoAn avafeong> .= <ueTaBANTN> = <€KPpaon>
<EKPPOAON> ::= <OPOG> | <EKPpPaAoNn> * <OpoG> |

| <€kppaon> + <Opo¢c>
<OPOGC> ::= <TTAPAYOVTAC> | <OPOC> - <TTAPAYOVTAG> |

| <6poc>/ <mmapayovrac>
<Trapayovrtac> ::= <getaBAntn> | ap | (<€Ekppaon>)
<UeTaBANTA> ::=id | id [<AioTO dEIKTWV>]
<AiOTa OEIKTWV> ::= <EKPPAoN> | <AioTa deIKTWV> , <€EKPpacn>



"
<evroAn avaBeong> ::= <ueTaBAnTH> = <€kQpacon>

2.UVTaKTIKA AvaAuaon (11)
m Extended BNF onueioypae@ia. R e s

<6poG> ::= <TTapAyovTaG> | <6poG> * <mapdayovtag> |

4 of . | <6pog> I <Trapdyovtac>
m EmimTAfov peraouuBoAa. PO . L o A
. ’ <peTaBANTA> ::=id | id [<AioTa deIkTWV>]
[ - ] . I_I pOG I p8T| KO <AioTa JEIKTWV> 1= <€KPpacn> | <AioTa SEIKTWV> , <EKPPACN>

{...} : 0N TEPIOCOOTEPEC EMNPAVIOEIC
(...) : Opadotroinon

<eVTOAN avaleong> ::= <peTafBANTA> = <€KPpaon>
<€Kppaon> ::= <opog¢>{ ( + | - ) <0pog> }

<0po¢> ;= <mapayovrtac>{ ( *| /) <mapayovrtac> }
<TTaPAYOVTaG> ;= <JeTABANTA> | ap | (<Ekppaon>)
<getaBAnT> ::=id | id [<AioTO OEIKTWV>]

<AioTa OEIKTWV> 1:= <eKppaon> {, <ekppaon> }

MeiovékTnua: MepIKEC POpPEC KPURBETAI N avadpoun



" J
2. UVTAKTIKA AvaAuaon (12)

m looduvaun NEBODOC TTEPIYPAPNG TOU CUVTOKTIKOU
ue Tnv BNF: ZuvtakTIKA AlaypAuuara.

m Kavovecg peratpotrnc BNF o€ 2uvtakTika

Alaypauuara, otnv mrepiypaen tng Pascal atro
Tov Wirth, 1976:

1. Tepuatikd 2UuPoAo a 4.@—>

2. Mn-TeppaTIKO ZUPBOAO <Vv> v




"
2. UVTAKTIKA AvaAuon (13)

3. <P>:=<vl>|al|<v2>|e|a2

" vl

;

" v2

é m
A 4



" J
2.UVTAKTIKA AvaAuaon (14)

4.

<P>::=<vl>al <v2>

<P>:=[<vl>]
0N\ 1 eopég 10 <V1>
OnA. <P>:=¢ | <vl>

<P>:={<vl>}
0 N TTEPIOOOTEPES POPEC TO <V1>
ONA. <P> = ¢ | <vl><P>

<P>:.:=<vl> | <vl><P>
1 1} TTEPICOOTEPEG POPEC TO <V1>

vl

A 4

vl

v

vl

A

A 4

vl

v

V2

v
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2. UVTAKTIKA AvaAuon (15)

m [0 TTapadelyua

<ekppaon> = id | ap | <ekppaon> <mpagn> <ekppaon> |
| (<€kppaon>) | - <ekppaon>

mpagn

éK(ppao-n \ A / > .

(Ol
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2. UVTAKTIKA AvaAuon (16)

H ouvBetn I'pauuarikni yia eVTOAEC avaBeonc:

<eVTOAN avaleong> .= <ueTafBANTA> = <€KPpaon>
<EKPPAON> ;= <OPOGC> | <EKPPOAON> + <OPOGC> |

| <€kppaon> - <0pog>
<OpPOG> ;= <TTAPAYOVTAG> | <OPOG> * <TTaAPAYOVTAG> |

| <6poc> / <tTapayovrac>
<TTaPAYoVTaG> ::= <JeTABANTA> | ap | (<Ekppaon>)
<getraBAnt> ::=id | id [<AioTO DEIKTWV>]
<AiOTa QEIKTWV> ;= <€EKPPaAoNn> | <ANioTa OEIKTWV> , <EKPPAOn>
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2. UVTAKTIKA AvaAuan (17)

<gvTOAN avaBeonc> ::= <PeTaRANTA> = <€KPpaon>

gvr. avaBeong | peTtafAnTn 4.@—> EKQpaon

<EKQPPAON> ::= <OPOG> | <EKPpaon> + <OPoG> |
| <€kppaon> - <6po¢c>

EKppaon X > 6poc

@Qﬁ
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2. UVTAKTIKA AvaAuon (18)

<OPOG> ;= <TTAPAYOVTAG> | <OPOG> * <TTapAyovVTaGC> |
| <6poc> / <mTapdayovrac>

Opos " TopdyovTag

%3@



"
2 UVTOKTIKN AvaAuon (19)

<TTapAyovTac> ::= <PeTABANTA> | ap | (<Ekppaon>)

TTAPAYOVTAG » METABANTA
:@
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2. UVTaKTIKA AvaAuon (20)

<MeTABANTA> ::=Id | id [<AiOTO QEIKTWV>]

4’@—’ AioTa deIKTWYV @

METABANTAH

(=

<AiOTa OEIKTWV> .= <EKPpaon> | <AioTa dEIKTWV> , <EKPpaon>

AioTa dEIKTWV Y >  EK@PAON

\_/
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2. UVTOKTIKA AvaAuon (21)

m YAOTT0INON 2UVTOKTIKWV AlQYPAUUATWY UE
Ei10IkEG AoOpEG AedOHEVWV:

TAG Symbol

KOouBog 2uvtakTikou
AlaypauuaTOg ‘
OTHER | FOLLOW

m TAG: TRUE av 1o Symbol €ival TeppaTtiké oUpoAo
FALSE av 10 Symbol gival yn-teppatiké ouupoAo

m OTHER: Pointer 1Tou d¢gixvel ToV €TTONEVO EVAAAQKTIKO (TTapAAANAO) KOO
(«nil» av o KOUPOG gival N TEAeuTaia €TTIAOYN)

m FOLLOW: Pointer TTou O&iXVEl TOV ETTOUEVO UTTOXPEWTIKO (OEIPIOKO) KOMBO
(«nil» av o KOUPOG gival o TEAEUTAIOC OTN O€IPA)



"
2. UVTOKTIKA AvaAuon (22)

Kavovec:

" vl

P—_’ ‘

" v2
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2. UVTAKTIKA AvaAuon (23)

P — vl V2
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2. UVTAKTIKA AvaAuaon (24)

P

vl <

: |
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2. UVTAKTIKA AvaAuon (25)

m [0 TTapadelyua

<ékppaon> ::=1d | <€k@paon> <Tpacn> <ékppaon> |
| (<ekppaon>) | - <ekppaon>

mpagn

S

EKQpaon A w

(Ol
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2. UVTAKTIKA AvaAuon (26)

EK@paon

=




" J
looduvapec ['pappaTiKES (1)

m looduvapueg [ papuaTIKEC:

[ POQUMATIKEC TTOU TTAPAYOUV TNV I01a YAwWooa.
AnAaodn, ol ypaupaTikég G, Kal G, gival ICOOUVAUEG, AV Kal
uovo av L(G,) = L(G,)

Xpnoiun 1910TNTA OTNV KATaokeur) compilers:

s KaTtd Tn oxediaon, XpNOIMOTIOIOUME ATTAEC YPOAUUATIKEC
TTOU €ival EUKOAQ KATAVONTEC

m 2TN OUVEXEIQ, IOWC XPEIQOTEI VA TIC METAOXNUATIOOUNE O€
I00QUVAMEC, ME IOIOTNTEG TTOU TIC KAVOUV TTIO EUKOAQ
UAOTTOINCINEG

To TPpOLBANMa TNG diaTTioTWwoNg TNG 1I00dUVaNiag dUo
YPOMMATIKWY Eival PUn-UTTOAOYICI[O.
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lcodUvapeC [ pAMMATIKEG (2)

m Aipopoupeveg (ambiguous) [ pappaTIKEC XWEIC

2 UN@paloueva:

Otav uttdpyouv 2 N TTEPICCOTEPA OEVTPA CUVTAKTIKNG

avaAuong yia KATTola/eC TTapayouevn cuuBoAoocipa.
Mia dipopouuEVn YPAUMATIKN UTTOPEI va gival IcodUvaun UE
AAAN YPOUMATIKR TTOU OEV gival OIPOPOUUEVN.
2.Tou¢ compilers, atropeuyoupe TN Xpnon dIPOPOUUEVWV
YPOMMATIKWY, YIaTi 0ONyouVv 0€ GnNUOACIOAOYIKEC QOAPEIEG.

O1 YPAUMATIKEG TTOU OEV UTTOPOUV VA JETAOXNMATIOTOUV O€
UN-OIPOPOUNEVES, OVOUALOVTAl EYYEVWG ODIPOPOUMEVES
(inherently ambiguous).
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lcoduvapec ['papuaTIKES (3)

m [lapadeiyua dipopoupeVNG YPANMATIKAC:
<E> = ﬂ | <E> + <E> | <E>*<E> | (<E>)
AEVTPA 2UVTOKTIKNG AvAAuonc yia To:

A+B*C
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looduvapec MpappaTikéC (4)

A+B*C
<E> <E>
AN
<E> <E> <E> <E>
AN e \ N
d(A)  <E> *x  <E> <E> <E> id(C)
id(B) id(C) 1d(A) 1d(B)

<E> "= ig | <E>+ <E> | <E>*<E> | (<E>)
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looduvapeC [ pAUUATIKES (D)

m |coduvapun I'papuaTikn uN-01PopoUlEVN:

<E> = ﬂ | <E>+ <E> | <E>*<E> | (<E>)

<E>:=<E>+<T>|<T>
<T>:=<T>*<F>|<F>
<F>:=(<E>) | id

AnAadn, «empaAAoupe» TN Xpnon ato 1n pida,
TOU Kavova <E> + <E> . AuTO Taipiadel ye
onuaoioAoyia TTou Ba BEAape: H Tpoobeon eivai
UPNAOTEPOU ETTITTEOOU ATTO TOV TTOAAATTAQCIACHO
OTNV IEPAPXIa TWV APIOUNTIKWY TEAECTWV.
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locoduvapec ['papuaTIKES (6)

A+B*C
<E>
/ ‘ \ AnAadr, SNUIOUPYACAUE HIC
<E> + < Ico0UvauN YPAUUATIKA, aAAQ
‘ / \ TTI0 TTOAUTTAOKN, TTOU TTOPAYEI
KAl TTI0 TTOAUTTAOKQ DEVTPA
<T> <> * <& OUVTOKTIKAC avaAuonc.
‘ ‘ Opwg, dev gival
<F>  <F> id(C) OIPOPOUEVN. ..
. _ ‘ <E>:=<E>+<T>|<T>
id(A) 1d(B)

& =l o ¥ | <F>
<F>:=(<E>)|id
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2 UVTaKTIKA AvaAuon Top-Down (1)

m  Top-Down 2uvrtakTikr) AvaAuon (KaBodikn)

B O 2uvtakTIKOC AvaAuTtnc (ZA) TTpETTEl va
QATTOPACIOEl YIa TA £CNC:
1. Tloiog kavovag Tapaywyns 0a xpnoigoTtroindei yia va
dnuIoupyndouv Ta «TTaIdid» evog KOUPBoU;

ATTANTH2H: AuokoAn... Aiapadel eva apiBuo k tokens
YIQ VA QTTOPACIiOEl, XPNOIMOTIOIEI TNV TTAPAYWYI) TTOU €ival
TTIO ApPIOTEPQ, ...

1. 2Tn ouvéxela, Ye TTola oeipd Ba yivel N eTTeCepyaaia Twv
VEWV KOUBWYV TTOU TTPOKUTTITOUV,;

ATTANTH2H: O1 repiocodtepol 2A Toucg eTeCepyadovTal
aTTO APIOTEPA TTPOG T OECIAL.
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2. UVTAKTIKA AvaAuan Top-Down (2)

m O1 ouvnBeic top-down ZA ava@EpovTtal wg:
LL (k)

/ AN

Left-to-right didBaopa string

VN

Leftmost dnuioupyia TTapaywywv

N\

Ap1Bud¢ tokens tTou diaadovral
(look-ahead symbols)
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2. UVTAKTIKN AvaAuon Top-Down (3)

m  [pauuarikec LL(1):
O1 ypauuarikéES xwpic ouuppaloueva Trou
avayvwpicovtal ato LL(1) 2ZuvTaKTIKOUG
AVaAUTEC.

B ATTOOEIKVUETAI OTI VIO VA €ival UId YPAUUATIKNA
LL(1), OAEC OI TTAPAYWYEC TNG TTPETTEI VO
IKAVOTTOIOUV Ta £CNC:

1. Na unv Exouv apiorepn avadpoun, GUeon N EPPEDN.
2. Na pnv £€xouv 2 evOAAOKTIKOUC KAVOVEC, Ta OECIA PEAN
TWV OTToiIWV ap¥xifouv Pe 10 idI0 auufoAo.

3. Na pnv €xouv 2 evaAAAKTIKOUG KAVOVEG, Ta OeCIA MEAN
TWV OTTOIWV TTAPAYOUV TNV KEVH aUUBoAooEIpd (€).



" A
2. UVTAKTIKN AvaAuon Top-Down (4)

XpnoigoTroigital pia 27oiBa kai duo lpaéeic:

m Taipiaoua cupgfBoAou: Av oTnv Kopu®Pn TNS oToIfRacg
BPIOKETAI TO TEQUATIKO OUUPBOAO A KOl TO TPEXOV
oUpPBOoAO Tou string €10000U gival €TTioNG A, TOTE TO A

agaipeital atro Tn oToifa kal diaaleTal TO ETTOPEVO
oUpPBOoAO TOU Sstring €10000u.

m [1poBAewn: Av oTnv KopuPn TNG oTOoIRac BpioKeTal TO
UN-TEOUATIKO OUUBOAO <A>, TO QVTIKABIOTOUUE PE TO
OECIO JEPOC KATTOIOU KAVOVA OPICHOoU Tou <A>, ue Ta
oupPBoAa o€ avriBern ocipa.

Av Kauia arro 11¢ OUO TTPAEEIC OEV UTTOPEI va
EQAPUOQOTEI, TOTE UTTAPXEI CUVTAKTIKO O@AAuUQ.



2. UVTOKTIKN AvaAuon Top-Down (5)

lNapadeiyua uAorroinong LL(1) 2uvrakrikou AvaAurn:.

[ POUMATIK: <S> .= (<S>)<S> | €

String €106%0u: ()

BAua 21oifa | Eicodog Mpagn
0 <S> () EOF [T1poBAewn <S> = (<S>)<S>
1 <S>)<S>( | () EOF |Taipiaopa cupoAou (
2 <S>)<S> ) EOF |TpoBAeywn <S> :=¢€
3 <S>) ) EOF | Taipiaoua cuufoAou )
4 <S> EOF |lMpoBAewn <S> =€
5 € EOF |Avayvwpion




To OEVTPO OUVTAKTIKNG avaAuoncg

N

( S ) S
€
Bripa 21oifa | Eicodog Mpagn
@ |[<s> () EOF |MpoPAewn <S> ::= (<S>)<S>
| () |<S>)<S>( | ()EOF |Taipiacpa oupBélou (
@) |<S>)<s> ) EOF |MpdBAewn <S> :=¢
(3) |[<S>) ) EOF | Taipiaoua cupBoiou )
(4) |<S> EOF |MpoBAeyn <S> :=¢
@ € EOF |Avayvwpion

<S> .= (<S>)<S> | e




" J
2. UVTAKTIKN AvaAuon Top-Down (6)

B 2& APKETEC TTEPITITWOEIC UTTOPOUNE va

UETATPEWOUME PIA YPOUMATIKA O€ Ic00UvVaun

L L(D).

m [ 10 TN JETATPOTIN QUTH, XPNOIMOTTOIOUME TPIA €idN
METAOXNMUATIOCHWYV:

A. Avrikaraaraaon

A—-al..|a, A—-al..|a,
B — B,AB, B — B,0,8;] ... | BB,
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2. UVTAKTIKN AvaAuon Top-Down (7)

B. Apiarepn lNapayovrormoinon
A — aB

B — Byl [ By

A—afy|...laB, &=

[. ArraAoipn Apiatepnc Avadpounc (AA)
Aueon AA:  A— Ad
‘Eppeon AA: A— Ba,, B — Ca,, C —-Aa; (0nA. A— Aa;a,0,)

A—)BlBIIBmB
A—)Adll..-IAanlpll'"IBm <:>

B—-aB]|...|aB|e
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2. UVTAKTIKN AvaAuon Top-Down (8)

m [lapadeiyua:
<X>:.=<B>a<A>bDb
<A>:=a<A>|a
<B>:=<B>b|b
H ypauuarikny auth) ogv gival LL(1), d1oT!:
27N 2" TTapaywyn Uttapxouv 2 eVaAAAKTIKOI KOVOVEC TTOU
apxidouv JE TO id10 gUMBOAO (a).
H 3" TTapaywyn €Xel AUECN APICTEPH avadPOuN.
m [10 va dnuioupynooupe pia icoduvaun LL(1)
YPOMMATIKI, B0 KAVOUUE TIC £CNC 2 METATPOTTEC:



2. UVTAKTIKN AvaAuon Top-Down (9)

m 271N 2" TTapaywyn 6a XpnoIYOTIoINCOUPE TO
UETAOXNMATIONO TNG ApiaTepnc¢ Napayovrormoinong:.

A—aBy]...|aB, ¢==)

A — aB
B—B4].-- 1By

<A>:=a<A>|a

<A> . =a<C>
= o= ans G

m 21NV 3" TTapaywyr 6a XpnoIYOTIOINCOUNE TO
UETAOXNMATIOUO TNC AmaAoipnc ApioTeEpNC

Avadpounc:

A-Aa|...|Aa,|Bs]...| B, ==

A-pB]|...|B,B
B-aoB|...|aB]|e

<B>:=<B>Db|Db

<B>:=Db <D>
A <D>:=b<D> | €
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2.UVTaKTIKN AvaAuon Top-Down (10)

m [eAIKQ, n1icoduvapn LL(1) ypappaTikn, €ival n:

<X>:=<B>a<A>bDb
<A> . =a<C>
<C>:=<A>]e
<B>:=b<D>
<D>:=Db<D>|€
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2. UVTaKTIKA AvaAucon Bottom-Up (1)

m  Bottom-Up 2uvtakTikiy AvaAuon (Avodikn)

O 2UVvTaKTIKOG AvaAUTNG (ZA) EEKIVA TNV KATAOKEUN TOU
OEVTPOU OUVTAKTIKAG avAAuonc atro Ta QUAAA (Ta TEPHATIKA
OUMBOAQ TOU TTPOG EAEYXO String).

B 2TN OUVEXEID TTPOCTTABEI va BpEl TOV apIoTEPOTEPO KOUPBO
TTOU OEV £XEI AKOMA PTIOXTEI, EVW OAA TA TTAIOIA TOU £XOUV
QTIAXTEI.

m MEYpl va KataokeuaoTel N pia Tou OEVTPOU JE TO Start.

m KdaBe oTiyun o 2A TTPETTEl va TTIAECEI TTOIOUC ATTO TOUG 1on
UTTAPXOVTEC KOJBOUG Ba XpNOIPOTTOINOElI WG TTAIdIA TOU VEOU
KOMPBou 1Tou Ba @Tiacer: EAdTTwon (reducing).
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2. UVTaKTIKA AvaAucon Bottom-Up (2)

[Mapadeiyua:

<S> :=r<B>
<B>:=<D>|<B>, <D>
<D>:=alb

KaTaoKeun Tou OEVTPOU CUVTOKTIKNC avaAuonc yid
TO string ra,b
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2. UVTAKTIKN AvaAuon Bottom-Up (3)

<S>:=r<B>
<B>:=<D>|<B>, <D>
<S> <D>:=a | b

<B>

ra,b

<B> <D>

<D>
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2 UVTOKTIKN AvaAuon Bottom-Up (4)

2. UVTOKTIKOI AVOAUTEC OAIoBNONG-eAATTWONG
(shift-reduce parsers).
XpNoiyoTrolouy pia 27oiBa kai duo [pdéeic:

OAioOnon (shift): Apaipei Eva ocuuoAo atrd Tnv
apXr Tou string Kal To Badel oTnv KopuPpn NG
oToif3ac.

EAdatTwon (reduce): Otav otnv Kopu®Pn NG
oToiBac uttapxel To Oegi MEAOC TTapaAYywYNC.
A@aipouvTtal auTa Ta CUPBOAa atrd TN oToIa Kal
avTikaBioTavTal atro To ApPIOTEPO MEAOC.
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2. UVTAKTIKN AvaAuon Bottom-Up (5)

<S> :=r<B>
<B> = <D> | <B>, <D>

<D>:=a|b
BAua 21oifa | Eiocodog
0 € ra,b EOF | OAiocBnon
@D |r a,b EOF | OAicBnon
@ ra 0 EOF | EAGTTWON <D> ;= a
@ |r<D> b EOF | ENdTTwon <B> ::= <D>
@ r<B> b EOF | OAiobnon
@ r<B>, b EOF | OAioBnon
@ r<B>.b EOF | EAGTTWOON <D> =D
@ |r<B><D> EOF | EAGTTwon <B> ::= <B> , <D>
r<B> EOF | EAGTTwon <S> =1 <B>
@ <S> EOF | Avayvwpion
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2. UVTOKTIKN AvaAuon Bottom-Up (6)

[MpoBAQuaTA:

m 270 BApa 4 utmpxav dUo £1MAOYEC: oAioBnon N eAATTWON HE
TOV Kavova <S> =1 <B>. H 2" emAoyn KataAnyel o€
adIEC0D0, YIaTi N avAAUon TEAEIWVEI XWPIC va £XEl oapwOEi
OAO TO string €10000U: ZUYKpouoT oAicOnNonNg-eAATTWONG
(shift-reduce conflict)

m 270 Brjpa 7 utmmpyav dUo €TTIAOYEC: EAATTWON UE TOV KAvOva
<B> ::=<B>, <D> 1 eAdtTwON Y€ TOV Kavova <B> ::= <D>.
H 2" emAoyn Ogv gival KAAr, yIaTi Ogv UTTOPEI va TTPOXWPENCEI
N avaAuon: Zuykpouon eAATTwonNG-eAATTwoNG (reduce-
reduce conflict)

TEToIa TTPOBAAUATA AUVOVTAI QTTO VIETEQUIVIOTIKOUC
2.A oAicOnonc-eAaTtTwong, Tou¢ LR(K).
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2. UVTOKTIK AvaAuon Bottom-Up (7)

Bottom-up 2A
LR(K)

/ AN

Left-to-right diaBacpa string

VN

Rightmost dnuioupyia TTapaywywv

N\

Ap1Bud¢ tokens tTou diaadovral
(look-ahead symbols)



" A
2. UVTOKTIKN AvaAuon Bottom-Up (8)

m 2TNV TTPAcn Xpnoiyotrolouvtal ol LR(1).

m H A&IToupyia TOUC €ival TTEPIOCOTEPO TTOAUTTAOKN
atrdé auth Twv LL(1).

m Acv avTIHETWTTICOUV TTPOPANUA UE APIOTEPN
avadpoun.

m [0 gpyaAcgio bison €ival YEVVTOPOGC CUVTAKTIKWY
QVOAUTWY YIA YPOMUMOTIKES XWEIC CUM@PAlOMEVO
Tuttou LR(1)...
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