2.0vTagn Kat ZuvtakTikr) AvaAuon

Mia ypappaTiki yia Ta AyyAikd

Rene Magritte, Le Seize Septembre

KwoTtAg Zaywvag <kostis@cs.ntua.gr>
Nikog lMNatraoTupou <nickie@softlab.ntua.gr>

M npoTtaon anoteAsital
and pa oVvOUaTIKA @paon,
€va PrKa, KAl Hia OVOUATIKA
®paon

<S> ::= <NP> <V> <NP>

M ovopaTikf @paon
anoTeAgital ano €va apbpo
Kal €va ouolaoTIKO

<NP> ::= <A> <N>

PrAuata ival Ta €EAG... <V> ::=loves | hates | eats

ApBpa eival Ta €EAG... <A> ::=a | the

OuolooTika eival Ta €EAG...  <N> ::=dog | cat | rat
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NMwg douAelEgl HIa YPOAMMOATIKI

* M ypappaTikf givat €va ouvoAo kavovwy nou opiouv
NWG KATOOKEUAZETAL EVO OUVTAKTIKO BEVOPO

* =eKwape Bacovtag To <S> 01N pia Tou dEVOPOU
* OLKavOVEG TNG YPAUMATIKAG AEVE NWG UNOPOUUE VO
npooB€ooupe Nawdld o€ KABe onpueio Tou dEvOpoU

* [ nopadetypa, o Kavovag
<S> ::= <NP> <V> <NP>
A€€L OTL pnopoupEe va NPooBEToUpE KOUPBouG <NP>, <V>
Kat <NP>, ue auth tn ocpd, wg nadld tou koppou <S>
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FPAMHATIKA VIO APIOUNTIKEG EKPPACEIG

<expr> ::= <expr> + <expr>

| <expr> * <expr>
| ( <expr>)
| a | b | ¢

H napandvw ypappaTikr opilel OTL pa aplOpUnTIKR €KQPAOo
HNopEi va givatl

- TOo GBpolopa dUO GAAWYV EKPPACEWY, R

- TO ywvouevo dU0 eKPPACEWY, N

- M EK@pacn nou nepikAsietal andé napevBETeLg, R

- Kanotwa and TIG YETABANTEG a, b, A ¢
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2UVTOKTIKO 0€vOpo

<expr>

RN

(‘<expr>)

<expr> * <expr>

( <expr>) c

<expr> + <expr>

a b
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2UCTATIKA HIOG YPOMHMOATIKAG

<NP> <V> <NP>

apyIKd cOUPoOAO / S

Kavovo e
5 (| <NP>!::= <A> <N>

mapoyoyng o T T T T
<V> :::,:"fl.oves | hates|eats.
W TEPLOTIRG — ¢ <A> j= a | the
cOupoia ;" ;
“‘\sN = dog | cat | rat
TEPUATIKA GOUPBOAN / ______________
(AekTikéG pLovadeqg)
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OpIoUOG YPOUHATIKWY O pop@r Backus-Naur

M ypappaTtikh og pop@r) Backus-Naur anoteAeitat and

- 'Eva olvolo and AekTIKEG povadeg (tokens)
* ZUMBOAOCELPEG NOU ANOTEAOUV TA MIKPOTEPO AOIAIPETA KOMUATIO
NG oUvTagng Tou NPoypPAPHATOS
- 'Eva ouvolo and pn teppatikd cupBoAa (non-terminals)

* 2upPoAooelpEG Nou eykAsiovTal oe ayKUAEG, n.xX. <NP>, kat
avTINPOOWNEUOUV KOUUATIO TOU OCUVTOKTIKOU TNG YAWOOTOG

» Ae ouvavTiolvtal oTto NPOYPAUUa, aAAd gival cUpBoAa nou
BpiokovTal 0TO APLOTEPO PEPOG KAMOWWY KAVOVWY TNG YPOMMOTIKAG

- To apywké cuppoAo (start symbol) ThG YPOUUATIKAG

» 'Eva ouykekplévo pn TepUaTIkG oUpBoAo nou anoteAei Tn pia Tou
OUVTOKTIKOU 8EVOPOU Yia KABe anodekTo and Tn YAWooa NpoyPappa

- 'Eva ouvolo ané kavéveg napaywynig (production rules)
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Kavoveg rapaywyng

* O kavéveg napaywyng xpnowonotlouvTtat ya tTnv
KOTOOKEUN TOU OUVTOKTIKOU OEVOPOU
+ Kd&Be kavovag €xel Tn popen A ::= A

- To aplotepd pEPOG A anoteleital anod €va pn TEPUATIKO cUUBOAO

- To deti pEpog A eival pa akohoubia and TEPUATIKA (AEKTIKEG
HOVADBEG) Kal PN TEPUATIKA GUUBOAQ

« Kd&Be kavovag mrpoadiopidel Evav moavo TpoTro
KATAOKEUNG TOU CUVTOKTIKOU UTTOOEVOPOU TTOU

- €XEL WG pia TOU TO YN TEPUATIKO GUUBOAO OTO aplotepd HEPOG A
TOU KavOva Kot

- €xel wg nawdd autng NG pidag (e tnv ida ospd epeaviong) ta
OUMBoAa o010 &€kl pEPOG A TOu Kavova
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ETiIAOyéG OTN YPA®I) TWV KAVOVWYV TTOPAYWYNG

+ '‘OTtav undpyouv NePLOCOTEPOL AN €VOG KAVOVEG
napaywyng He To idlo aplotepd PEPOG, KNOPOULE VO
KAVOUUE Xpron TNG NApOKATW CUVTOHOYPAPIaG

* 27Tn BNF ypappaTtiki pnopoupe va SWOOUKE TO aploTeEPO
HEPOG, TO dLOXWPLOTH) ::=, KAL LETA Ja akoAouBia and
0eC1d pEPN nou daxwpifovtal and 1o €10KO CUUBOAO |

¢ OL0UO0 YPOUUATIKEG €ivalL IDIEG  <expr> ::= <expr> + <expr>

<expr> ..= <expr> * <expr>
<expr> ::= <expr> + <expr> p P P

| <expr> * <expr> <expr>:i= ( <expr>)
| ¢ <expr ) <expr> ::= a
lalb|c <expr>:i= b

<expr> :i= c
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Kavéveg Trapaywyng Tou KEVou

* To €101KO PN TEPUATIKO <empty> xpnolonoleital o
NEPNTWOELG NOU BEAOUUE KANOLOG KAVOVAG VA NV
napayet tinota

* [a napddetypa, ol NnapakAtw Kavoveg opifouv Tn doun
if-then TWV NEPIOCOTEPWY YAWOOWV, N ONoia ENTPENEL
TNV Uunapén evog NPOaLPETIKOU else

<if-stmt> ::= if <expr> then <stmt> <else-part>
<else-part> ::= else <stmt> | <empty>
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KaTaoKeUu] OUVTOKTIKWY BEVOpWYV

* ApxiCoupe tnv Kataokeur BACovtag To apXIKO OUUBOAO
NG YPOUUATIKAG 0T pifa Tou 6EvOpou

* [MpooBEToupe Nadld o KABE PN TEPHATIKO GUUBOAO,
XPNOWONOWVTAG KA/70(0V ONO TOUG KQVOVEG napaywyric
NG YAWOOOG VIO TO CUYKEKPIUEVO N TEPUATIKO

* H dadkaoia teppaTtiel 6Tav OAa Ta QUAAQ Tou dEVOPOU
anoteAouvTal and AEKTIKEG HOVADEG

* H oupBoAocelpd Nou avTIOTOLKEL O0TO BEVOPO Mnou
Kataokeudoape Bpioketatl dlafdlovtag Ta UAAQ TOU
dEvOpOU anod aplotepd NPog Ta deLd
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<expr> ::= <expr> + <expr>
| <expr> * <expr>
| ( <expr>)

Mapadciypara

| a | b | e
* Ta OUVTOKTIKA BEVOPA VLA TIG NAPOAKATW EKPYPATELG

a+b (a+b) (a+ (b)) a+b*c

* H KATAOKEUN TWV CUVTOKTIKWY OEVOPWY €ival n doUAeld
TOU OUVTOKTIKOU aVOAUTHA €VOG HETAYAWTTIOTH

* Yndapxouv d1a¢@opol anodoTIKOoi aAyoplOpol Kal EpyaAeia
yla (NH)auTOMATN KOTAOKEUN TOU OUVTOKTIKOU QVAAUTH)
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TUTTIKOG OPIOHOG CUVTAENS YAWO oWV

* [a va opiooupe Tn oUVTOEN TwV YAWOOWV
NPOYPAUHATIONOU XPNOYLOMNOIOUKE YPOAUUATIKEG

* H yAwooa nou opidetatl anod pa YPAUUATIKA €ival TO
OUVOAO TWV CUMPBOAOCEIPWY YIa TA OMNOid N YPOAUHATLKN
HNopPEl va Napdagel CUVTAKTIKA dEVOPQ

* TIG NEPLOOOTEPEG POPEG TO CUVOAO QUTO gival AneLpo
(MapOAo Nou n YPAUMATIKN €ival NENEPACUEVN)

* H KOTAOKEUA MAG YPOUUATIKAG YIO U YAWOOO polalel
Alyo pE NPOYPOAUUOTIONO...
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Mapddelypa KATAOKEURG YPOAMMATIKAG (1)

2UVABWG yiveTal Pe XpAOoN TNG TEXVIKNG “Olaipel Kal
Baoikeue” (divide and conquer)

* Mapadeypa: KATaoKeur TNG YAWOOAG Twv ONAWCEWV TNG
Java (n onoia €ivat napéuota pe auth g C):
- apXwkd, n ORAwaon €xelL €va ovopa Tunou
- OTn OUVEXELD Ua akoAouBia and HeTaBANTEG nou dlaxwpilovTal pe
KOppOoTa (6nou KABE PETABANTA KNOPEL va NAPEL A ApXIKK TIUR)
- KOL OTO TEAOG £va EPWTNHATIKO (semicolon)

float a;
boolean a, b, c;
inta=1, b, c=1+ 2;
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Moapddelypa KATOOKEURSG YPOAMMATIKAG (2)

* ApXIKQ, aG ayvonooupe TNV NBavi unapgn apxkononTwy:
<var-decl> ::= <type-name> <declarator-list> ;
* O Kavovag yla Ta ovOpaTa TwV NPpwTOyovwyv TUNwv
(primitive types) tng Java eivat anA\ouoTATOG:

<type-name> ::= boolean | byte | short | int
| long | char | float | double

2nueiwon: dev Naipvoupe unodyn KATAOKEUAOKEVOUG TUNOUG (constructed
types): ovopata kAdoewv, ovéuata dlenagwv (interfaces), kat TUnoug
NVaKWv
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Moapddelypa KATOOKEURSG YPOAMMATIKAG (3)

* H akoAouBia Twv petaBAntwy nou dlaxwpilovtatl pe
KOUHATA €XEL WG EENG:

<declarator-list> ::= <declarator>
| <declarator> , <declarator-list>

* 'Onou Eavad, €XOUpE NPOG To NAPOV AyVOROEL TOUG
NBavoug apXIKOMOoNTEG TWV HETABANTWY
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Mapddelypa KATAOKEUNG YPOAMMATIKAG (4)

Ti atroteAei AekTIKR) povada (token);

¢ OLONAWTEG HETABANTWY, HE I XWPIG apXIKOMOIAOELG,
opiovTal wg:

<declarator> ::= <variable-name>
| <variable-name> = <expr>

* [ 0AGKANnpN TN Java:
- [Mpénel va enttpéWoupe kat {euyn and aykKUAEG LETA TO Ovopa
TWV HETABANTWY Yia TN OAAWON TWV NIVAKWY
- [pénel eniong va opicoupe Kal TN oUVTOEN TWV apXIKONONTWY
NVAaKwv

- (DPuoka BENoOUPE Kal OPLOHOUG YA TA N TEPHATIKA oUPBoAa
<variable-name> Kal <expr>)
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* 'Onola KOPUATIA TNG YAWOOAG EMAEEOULE va BEwPAOOUE
WG KN Kataokeualopeva and HKPOTEPA KOUUATIO

* MeTaBANTEG (1, j), AEEEIG KAEWDLWA (1 £), TEAEOTEG (==,++),
OTOBEPEG (123. 4), KA.

* Ol YPOUUATIKEG NOU €XOUUE opioel divouv Tn doun Twv
@pacewv (phrase structure): NWG TO NPOYPALMA
KATAOKEUAZETAL ANO A OEPA AEKTIKWV LOVAdWY

* [lp€nel entnA€oV va oplooupe Kal TN AeKTIKA dopn (/exical
structure): NnwG €va apxeio XwpileTtal o€ AEKTIKEG HOVADEG

Prae N
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AUO £1TIAOYEG OPIOHOU TNG AEKTIKAG OOMNAG

loTopikég onueiwoeig (1)

* Me pua ko yPapUaTIKA
- O XapakTAPEG €ival oL LOVABIKEG AEKTIKEG LOVADEG

- ZuvhBwg dev akoAouBegital auTr n eMNAOYM: KEVA KAl OXOALO
NEPIMAEKOUV APKETA TN YPAUUATIKI KAl TNV KaBloTtouv pun
avayvwolun

* Me EEXWPIOTEG YPAUMATIKEG
1. Mia nou opicel NWG NPOKUNTOUV Ol AEKTIKEG HOVADEG anod £va
apxeio pe xapaktipeg

* H ypappatiki auth ouvAbwg €ival pia Kavovikr YpauUaTiKe (regular
grammar) Kat xpnowonoleitat and 1o AeKTIKG avaAuTh (scanner)
2. Mia nou opiZel NWG NPOKUNTOUV T CUVTOAKTIKA dEVOpa and pia
aKoAoUBia AeKTIKWV povadwyv
* H ypoppatiki auth ouvhBwg gival pia ypappaTik €AeBepn
ouugpalopévwy (context-free grammar) kat xpnolonoleitat anoé 1o
OUVTaKTIKG avaAuTr| (parser)
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* [TaAa, kanoleg YAWOOEG NPOYPAUHATIONOU OE
dlaxwpllav Tn AeKTIKA and TNV @PACTIK) doun
- MahEg exkddoelg Tng Fortran kat tng Algol enétpenav kevd og
onolodnnoTe ONUEI0, AKOUA KAl OTO PESO MG AEENG KAELWD!

- AN\eg yAwooeg, n.X. n PL/I, enttpénouv tn Xprion AéEewv
KAEOWV WG HETABANTEG
* (To idwo oupBaivel kat otnv ML, oAAG ekei dev anotelel npdBAnua.)

* Ta napandvw dev ival KaAr 1OEQ...

- NPooBETOUV BUCKOAIO OTNV AEKTIKI KOl CUVTOKTIKA avaAuon Kat

- HEWVOUV TNV avayVWOHOTNTA TWV NPOYPAUUATWY Nou
uAornololv auTEG TIG PACELG TNG HETAYAWTTIONG
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loTopIKéG onueEIwoEIg (2)

» Kanoleg yYAWooeg €xouv AeKTIKR) dopr oTabepAG HOPPAG
(fixed-format )—ta Keva €ival ONUAVTIKA
- Mia evtoAf avd ypapun (n.x. TnG dATPNTNG KAPTAG)
- Ounpwteg 7 B€0e1g KABE ypappng yia Tnv TaunéAa (label)
* Ounpwteg diaAekTol TnG Fortran, Cobol, kat Tng Basic
* 2XeDOV Ol NEPIOOOTEPEG HOVTEPVEG YAWOOEG €ival
eAeUBePNC HOPPNG (free-format ): Ta KEVA ayvooUuvTal

- T1.x. Algol, Pascal, Java, ...
- Meplkég GAAeG (C, C++) Slagépouv
Alyo AOyw Tou npoenetepyaoTn )
- Xe Kkanoleg 6pwg (Python, Haskell),!
Ta KEVA EiVaL ONHOVTIKG L
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AAAEG HOPPES YPOAUHMATIKWV

* Mikpég dagpoponolnoelg TG popeng Backus-Naur (BNF)
- XpAon — n = avriya =
- 'Ox1 <> aAAa kdnoto €101k font 1) XpAon anocTpOPwY YA TIG

AEKTIKEG POVADEG WOTE va EexwpifovTal EUKOAQ anod TA pn
TEPUATIKA CUMBOAA

* Enektdoelg tng popeng Backus-Naur (EBNF)

- MNpo60BeTOGg CUPBOAMOUOG Yia TNV ANAOMNOINON KANOWYV KavOVwV:
* {x} unodnAwvel pnNdEv ) NEPLOCOTEPEG ENAVOAAYELG TOU X

[X] unodnAwveL OTL TO X €ival NPOALPETIKO (dnAadn x | <empty>)

() ywa opadonoinon

* | onoudAnoTe yla va unodnAwaoel eNAoyn

* AnooTpo@oUG YUpwW ano TIG AEKTIKEG HOVADEG OUTWG WOTE VA
EexwpiCovTtal and Ta napandvw PeTacUUBoAa

* 2UVTOKTIKA dlaypappoTa
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Mapadeiypara EBNF

<if-stmt> ::= if <expr> then <stmt> [else <stmt>]
<stmt-list> ::= <stmt> { ; <stmt> }

<thing-list> ::= (<stmt> | <decl>) { ; (<stmt> | <decl>) }
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2UVTOKTIKA dlaypduuarta (1)

* 'Eotw o011 €Xoupe pa ypappatik oe EBNF

* O kd@be kKavévag Nnapaywynsg KHETATPENETAL OE Ha oELPa
and KouTla

OpBoywvia yia Ta pn TEPHUATIKG GURBOAC

OBAA yua Ta TEpHATIKA OUBOAG

Ta napandvw evwvovTtatl e BEAN
(MBavwg kKanowa BEAN va NOPAKAUNTOUV KAMOLW and Ta KOUTLd.)

<if-stmt> ::= if <expr> then <stmt> [ else <stmt> ]

if-aﬂ»@—» expr {—(then)— stmt stmt 7

>0vTagn Kal ZUVTaKTikr AvaAuon 24




2UVTOKTIKA dlaypauuaTta (2)

» [loAAanAoi kavoveg

napaywyng xenoonolouv
dlakAadwoelg (branching)

* H enavdAnyn unodnAwveTal exp

HE XProN BPOXWY N

<exp> :.= <addend> {+ <addend>}
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Mapadsiypa d1apopeTIKOU CUHBOAICHOU EBNF

WhileStatement.
while ( Expression ) Statement

DoStatement.
do Statement while ( Expression) ;

ForStatement

for ( Forlnit Expression ForUpdate

opt 7 opt 7 opt)

Statement

and 1o BBAio The Java™ Language Specification, James Gosling et al.
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AT1é Tn ZuvTtagn TPog TN ZnuacioAoyia
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Tpeig “1000UVANES” YPOUMOATIKEG

Gl: <subexp> ::= <subexp> - <subexp>| a | b | ¢

G2: <subexp> ::= <var> - <subexp> | <var>
<var>:=a | b | c

G3: <subexp> ::= <subexp> - <var> | <var>
<var>:=a | b | ¢

* Kal oL TpEIG YPAUMOTIKEG opifouv TNV Bla YAwooa: TN
YAwooa 6AwV Twv cupBoAocelpwy nou NEPAapUBavouv
€va A NEPLOOOTEPA a, b, ) ¢ Ta onoia dayxwpifovTal
HMETALU TOUG ano €va peiov. AANAG...

>0vTagn Kal ZUVTaKTikr AvaAuon 28




<subexp>

<var> - <subexp>

G2 parse tree:
P a <var> - <subexp>

b <var>
|

Cc
<subexp>

<subexp> - <var>

G3 parse tree:
P <subexp> - <var> c

<var> b
|

a
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Mari gival onUAvTIKA Ta CUVTAKTIKG OEvOpa;

* O€NoupE n OO TOU CUVTAKTIKOU dEVOPOU Va
avTiKaTonTpIifel TN onuacloAoyia TNG CUPPBOAOCELPAG
NMouU avTINPOCWNEUEL

* AUTO KAvel To oXedIOoNS TNG YAWOOOG Mo SUCKOAO:

- evOlaPEPOUOOTE Yia TN OOUR TOU KABE CUVTAKTIKOU OEVOPOU
- OXL névo yla Th oupBoAooelpd TwV QUAAWY TOU

Ta oOUVTAKTIKG OEVOPA €ival TO HEPOG MOU N OUVTAEN
apxidel va ouvavtd tn OnNUAcloAoyia TwV YAWOOWV
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TeAeoTég (Operators)

* TeAEOTEG XPNOWONOLOUVTAL YIO AEITOUPYIEG NOU YivovTal
ouxva, n.x. npéoBeaon, agaipeon, NOANANAACLACUO, ...

* O 6pog TEAEOTNG aVOPEPETAL TOOO OTN AEKTIKA pHovada
(n.X. +, *) 600 KAl 0TN AstToupyia autA KaB’ autn
- Movadiaiol TeEAeoTEG EXOVTAL EVA OPIOMA: -42
- Auvadikoi TeEAeoTEG dEXOVTAL OUO opiopaTta: 4+2
- Tpuadikoi TEAEOTEG dEXOVTAL Tpia opiopoTa: a?b:c

* 2TIG NEPLOCOTEPEG YAWOOEG
- O duadikoi TEAEOTEG ypagovTal o€ infix Hop@RA: n.X. 4+2

- Ot povadiaiol teAeoTEG YpdgovTal og prefix (-42) | o€ postfix
HoPPN (1++)
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MNMpoTtepaidTnTa (precedence) TeAECTWYV

 'Eotw n ypoppatik G4: ¢ ‘Eva OUVTOKTIKO OEVOPO
<exp> ::= <exp> + <exp> yla Tn cupBorooelpd
| <exp> * <exp> a+b*c &ival To

| ( <exp>)
la|b| c <exp>
<exp> * <exp>
<exp> + <exp> c
a b

* 2710 0EVOpO auTtd n npdoBeon yiveTal NpLv anod Tov
NOAAQNAQOCLAOWUO, KATL NOU OEV €ival O€ ApPHOVIA UE TIG
OUVABELG NPOTEPAIOTNTEG TWV TEAECTWYV + KAl *
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MpotepaidTNTA TEAECTWYV OTN YPOMMATIKA

Mapadeiypata TTPOTEPAIOTNTAG TEAECTWV

* [0 va €XOUPE TN OWOTH NPOTEPAIOTNTA TEAECTWY,
oAAGloupE TN YPOUUATIKA HE TETOLO TPOMO WOTE O
TEAEOTNG UE TNV HEYAAUTEPN NPOTEPALOTNTA VA
KATOANYEL “NIO KATW” 0TO CUVTAKTIKO OEVOPO

G5: <exp> ::= <exp> + <exp> | <mulexp>
<mulexp> ::= <mulexp> * <mulexp>
| ( <exp>)

| a | b | ¢
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* C (15 enineda npoTepaOTNTAG—NAPA MOAAG;)

a=b<c?*p+b*c 1 <d ()

» Pascal (5 eninedo—0OXL ApKeTA;)
a <=0 or 100 <= a XUvToKTIKO Ad0og!

« Smalltalk (1 eninedo yia 6Aoug Toug dUAdIKOUG TEAEOTER)

a+b *c
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2UVTOKTIKO OEVOPO HE CWOTH TTPOTEPAIOTNTA

MpooeTaipIioTIKOTNTA (associativity) TeEAeoTWV

<exp>

T

<exp> + <exp>

G5 parse tree:  <mulexp> <mulexp >

a <mulexp> * <mulexp>

b c
H ypappatikq G5 napdyel pdévo auto To 0EVOPO Yia a+b*c
Avayvwpilel Tnv idla yAwooa pe tn G4, aAAG dev napayel
NAEoV OEVOPA HE AABOG NPOTEPALOTNTA TEAECTWV
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<exp> <exp>

<exp> + <exp> <exp> + <exp>
|
<mulexp> <exp> + <exp> <exp> + <exp> <mulexp>
a <mu:lexp> <mu:lexp> <mu:lexp> <mu:lexp> C!
b c a b

H ypappatiki G5 napdyel Ta napandvw 0£vopa yla a+b+c

To npwto and autd dev avTikatonTpilel TN OUvAON
NPEOCETAIPIOTIKOTNTA TOU TEAEOTH +
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MPOCETAIPIOTIKOTNTA TEAEOTWV

Mapadeiypara TTPOCETAIPICTIKOTNTAG

* 'Exouv xpnowdtnta 6tav n ogpd TNG anoTipnong ogv
kKaBopiletal and NapevOETELG | NPOTEPALOTNTA TEAECTWV

* OLaplotepd NPOCETAIPIOTIKOL TEAEOTEG opadonolouy anod
apLOTEPG NPOG Ta deELd: a+b+c+d = ((a+b)+c)+d

* OL 0€€la NPOOETAIPLOTIKOL TEAEOTEG opadonolouy and
0€t1d NpoG Ta aploTEPA: a+b+c+d = a+ (b+(c+d))

* 2TIG NEPLOOTOTEPEG YAWOOEG, OL NEPLOCOTEPOL TEAEOTEG
eival aplotepd NPOCETALPLOTIKOL, GAAG undpxouV Kal
eLaPETELQ
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« C
a<<b<<c — TEAEOTEG €lval 0PLOTEPA TPOGETAPLGTIKOL
a=b=0 — 0¢e&18 TpooeTaploTikdg (avdabeon)

« ML
3-2-1 — TEAEOTEG €lval 0PLOTEPA TPOGETAPLOTIKOL

1::2::nil — 8g&1d mpooetaploTikdc (Kataokevn AioTog)

* Fortran
a/b*c — TEAEOTEG Elval 0PLOTEPH TPOGETOUPLOTIKOL
ax*b**c  — 3e&ld mpooeToploTikog (Vywon og dvvapun)
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MpooEeTaIPIOTIKOTNTA OTN YPOMMATIKA

AévOpo e CWOTH TTPOCETAIPICTIKOTNTA

G5: <exp> ::= <exp> + <exp> | <mulexp>
<mulexp> ::= <mulexp> * <mulexp>
| ( <exp>)

| a | b | e

* [a va dlopbwaooupe To NPOBANUA, TPOMOMNOIOUUE TN
YPOUMOTIKI) WOTE VA KAVOUUE BEVOPA PE TEAEOTEG + VA
HEYOAWVOUV NPOG TA aploTeEPA (NapdUoLa yia TOV *)

G6: <exp> ::= <exp> + <mulexp> | <mulexp>
<mulexp> ::= <mulexp> * <rootexp> | <rootexp>
<rootexp> ::= ( <exp>)

| a | b | ¢
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<exp>
/’\
<exp> + <mu||exp>
/’\
<exp> + <mulexp> <roo|texp>
<mu|Iexp> <roo:texp> c
<roo|texp> b

H ypappatikq G6 napdyel poévo auto To 0EVOPO Yia a+b+c
Mapayel Tnv idla yAwooa pe th G5, aAd dev napdyel
NAEov OEVOPA HE AABOG NPOCETAIPLOTIKOTNTA TEAEOTWV
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Aipopoupevn eppnveia (ambiguity)

H ypappatikry G4 gival dipopoupevn (ambiguous):
OlpopoUpEVN onpaivel OTL NapAyel NEpLOcOTEPA anod Eva
OUVTOKTIKA O€vOpa yia TNV idla cuppolooelpd

‘Opwg n endopbwon Twv NPoBANUATWY NPOTEPAOTNTAG
KAl NPOCETALPLIOTIKOTNTAG TWV TEAECTWV EEAPAVIOE OAN
TNV 0OAQPELQ OTN OUYKEKPLUEVN YPAUMATIKA

AuTO eival enBUPNTO: TO CUVTOKTIKO OEVOPO unodnAwvel
TN oNUACLOAOYia TOU NPOYPAUUATOG Kat O BEAoUNE
auTA va givat d1popoupEeVn

‘Opwg unapxouv Kat GAAOL AGYOL MoU HLa YPOUUATIKA €ivatl
OLPOPOUEVN, OXL LOVO AOYOL OXETIKOL UE TOUG TEAEOTEG
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To poBAnua Tou “EekpépaocTou else”

<stmt> ::= <if-stmt> | s1 | s2
<if-stmt> ::= if <expr> then <stmt> else <stmt>
| if <expr> then <stmt>
<expr> ::=el | e2

* H ypappaTiki autr givat dupopoupevn wg NPog To
“ekpepaoto else” (“dangling-else ambiguity”).
* H nopakdtw €VTOAN
if el then if e2 then sl else s2

€X€L OUO OUVTAKTIKA BEVOPQ
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<if-stmt>

if <exp> then <stmt> else <stmt>

I I
el < if-St/m t> s2
if <exp> then <stmt>
e2 s1l ; ;
O neploodTePEG YAWOOEG
nou €xouv auTtd To NPORAnNua
<if-stmt> ENAEYOUV TO KATW OUVTOKTIKO
O£vOpO: TO else Nnyaivel e 1o
if <exp> then <stmt> P ,

KOVTIVOTEPO ATAIPIOOTO then

el <if-stmt>

if <exp> then <stmt> else <stmt>
e2 s1 s2
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A16pBwon Tou rpoBARparog (1)

<stmt>
<if-stmt> ::= if <expr> then ‘<stmt>else <stmt>

| if <expr> then <stint>
<expr> ::=el | e2

1= <if-stmt> | s1 | s2

* ©¢Noupe va eniBaAAoupe OTL €av auTd enekTaBbel o€ Eva
if, TOTE TO if NpEneL RON va €xel TO OIKO TOU else.
MpwTa, dnUIOUpPYOUPE €va VEO Un TEPUATIKO <full-stmt>
Nou Napayel OAEG TIG EVTOAEG nou napdyovtal and To
<stmt>, aAAG anayopeUel TIC i £ EVTOAEG XWPIG else

<full-stmt> ::= <full-if> | s1 | s2
<full-if> ::= if <expr> then <full-stmt> else <full-stmt>
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A16pBwon Tou TpoBARpaTog (2)

* MeTd XpNOIHONOIOUUE TO VEO PN TEPUATIKO £O0W

<expr> ::=el | e2
* To anotéAeopa gival OTL N NOPANAVW YPOUUATIKI HNOPEi
va TaplaEel Eva else e €va if povo 6tav OAa ta
KOVTIVa i f €xouv 0N KANolo else wgG Taipl TOUG.
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Twpa TTapAyoUpE MOVO TO CUVTAKTIKO OévOpo

<if-stmt>
if <exp> then <stmt>
el <if-stmt>

T

if <exp> then <full-stmt> else <stmt>

e2 sl s2
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ZEKPENAOTA else Kal avayvwoIdoTnTa

* AlopBwoape TN YPAUUATIKE, OGAAQ...

* To npéPANUa 0T YPOUUATIKA avTIKaTonTpilel KAnolo
NPOBANKa 0TN YAwooda, Tnv onoia dev aAAagape

* M akohouBia and if-then-else Ogv €ival EUKOAA
avayvwolpn, eWKAE eav Kanowa anod Ta else Asinouv

int a=0; n , ,
if (0==0) ola ival n TA Tou a

if (0==1) a=17; METATNVEKTEAEON TOU

else a=42; NPOYPAHUHOTOG;
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KaAutepa OTUA TTPOYPOAUHATIONOU

int a=0;

if (0::0) K )\’ . , ’
if (0::1) a=17; OAUTEPO: OWOTN OTOoLXIon

else a=42;

int a=0;
if (0==0) { AKOpa KOAUTEPO: N Xpon
if (0==1) a=17; pn\ok deixvel KaBapd TN

} else a=42; dopr] Tou KwdIKa
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FAwooeg XWpig eKpEpAoTA else

MpappaTiki yia oAGKAnPpN Tn YAwo oo

* MeplkéG YAwooeg opidouv Ta if-then-else e TPOMNO
TETOLO NOU va €MPBAAAEL TN CAPRVELQ OTN XPRON TOUG
* H Algol dev enttpenel p€oa 0to then va apyidel Gueoa
KAnotwo Ao if
- (aAAG pnopei va apxicetl €va UNAOK Pe Eva GANO 1if)
* H Algol 68 enBaAAel o€ KGO if va TepUATICETAL PE EVa
£i (undapxouv eniong do-od Kal case-esac)

* H Ada eniBdAAeL o€ KGBe if va TepUATI(ETAL PE EVa

end if
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* KdaBe peaAloTIKA YAWOOO NEPLEXEL MOANG PN TEPUATIKA
oUpBoAa

* EWOKa eav and tn ypappaTIKA €XEL EEAAEIPOEL N aoAPELQ
* Ta ennA€ov pn TEPUATIKA KaBopilouv Tov TPOMNO PE TOV
0rnoio NPOKUNTEL £va HOVADIKO OUVTAKTIKO OEVOPO

* 'OTav KOTOOKEUAOTEL TO OUVTOKTIKO OEVOPO, TA ENNAEOV
M TEPHATIKA OEV £XOUV KAMOLA XPNOOTNTA NAEOV

* Ot uAonolnoelg Twv YAwoowv ouvhBwg anobnkeuouv Lo
OUVENTUYHEVN HOPPI) TOU CUVTOKTIKOU OE€VOpPOU, N onoia
OVOMACZETAL a@nPENHEVO OCUVTAKTIKO OEVOPO
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2VPKEKPIUEVO GOVTOKTIKO OEVOPO

<exp>
<exp> + <mulexp>
/’\ <rootexp>
<exp> + <mulexp> |
<mulexp> <rootexp> c
| +
<rootexp> b

a' +/\

Aonpnuévo covTakKTiKo 0Evopo
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2UMUTTEPOCHATIKA

* [0 Tov Oplond TOU CUVTOKTIKOU (Kat OXL pévo!) Twv
YAWOOWV NPOYyPOHUHATIONOU XPNOUONOIOUUE YPAUMOTIKEG

* OLYPOUUATIKEG Opifouv
- TO nola €ival Ta EMTPENTA NPOYPAUUATA GG YAWOOOG, ARG Kal
- TO CUVTOKTIKO O€vOPO yla auTd Ta Npoypapuata
- T0 0€vdpo e TN Oclpd ToU opidel Tn oclpd EKTEAEONG TWV EVTOAWY
- KOl KOTA OUVENELD CUVEIOPEPEL OTOV OPLOUO THG OHHACLOAOYIaG
*  YNApxel loxupn ouvdeon HETAEU Bewpiag kat npdEng
- AUO0 YPAUUOTIKEG, OUO HEPN TOU HETAYAWTTIOTH (compiler)
- Znueiwon: Yndpxouv npoypdppaTa, YEVVATPLEG AEKTIKWVY Kal
OUVTOKTIKWV avaAuTtwy (lexers and parser generators), nou

Unopouv va dnUIoUPYACOUV QUTOUATA TOV KWOLKA TOU AEKTIKOU
KOl TOU CUVTOKTIKOU aVOAUTH anod YPOUUOTIKES G YAWOOAG
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