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Ewaywyr (i)

> [A\Hoceg TPOYPAPUATIGIOD
» MetayAwttioTtég

> AvayxoudTnTa 2ol LGTOoPLXT) avadpou
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Ewaywyr (i)

> [A\dooeg TPOYPOUPUATIGIOD
» MetayAwttiotég

> AvoryxoudTnTol %ol LGTOPLXT| Avadpou

APYIKO TTPOYPOLLLLLCL TEMKO TPOYPULULLOL

HETAYA®TTIOTIG

10y VOOTIKG punvopato
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Ewaywyr (i)

> Apxud| YAGGoa L4
> TeAue) yAdcoa Ly

» [A\&dooa vAomoinong Ly
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Ewaywyr (i)

\4

Apyuy YAGdGooa L

\4

Tehixt| YA@ooo Ly

v

['N\&dooa vhomoinong Ly

v

Y nuacloloyia Tov mpoypdpupatog P otn yAdcoa L

[P]L : Inp(P) — Out(P)
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Ewaywyr (i)

> Apxud| YAGGoa L4
> TeAue) yAdcoa Ly

» [A\&dooa vAomoinong Ly

v

Y nuacloloyia Tov mpoypdpupatog P otn yAdcoa L

[P]L : Inp(P) — Out(P)

v

Y nuacia evég petaylwttoty C

[[C]]Ly 5 LA—>LT
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Ewoaywyr  (iii

> OpbotnTo Tou PETAYAWTTIOTH: “TO PeTAYAWTTIGUEVO
TPOYPAPPR TPETEL YA (VAL 1GOSUVAUO He TO ap) s’
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Ewoaywyr  (iii)

> OpbotnTo Tou PETAYAWTTIOTH: “TO PeTAYAWTTIGUEVO
TPOYPAPPR TPETEL YA (VAL 1GOSUVAUO He TO ap) s’

[Plz, =[ICle, (P)]L,
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Ewaywyn  (iv)

> Eidn petaylwttiotdy:

» Amnlol

» AvticTtpogol (decompilers)

» Meto-petayAottotés (meta-compilers)
> Ewdueég mepintddoelg peTayAwTTLOTEY:

» [poemelepyactés (preprocessors)

> YupPolopeTaPpacTég (assemblers)

» [evvitopeg mpoypoppdtey (program generators)

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 5/123



Ewaywyn  (v)

> Yuvagn epyaiela

Aleppnveic

Awyeiptotég BipAiobnxdv
2 uvdéteg

Poptwtég

Ex86teg mpoypappdteny
Evtomiotéc coalpdtwy

Y TaTtoTIXol AvoUAVTEG

vV vV vV vV VvV VvV VY

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég

(interpreters)
(library managers)
(linkers)

(loaders)
(program editors)
(debuggers)
(profilers)
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Kataoxevr] uetayrotnoty (i)

» Baocixéc anautfcelg:
» Na Aettovpyel cwotd
» No GUpPROPPGOYETAL e TIG TPOBIALYPAPES TNG APXLX1|G
%o TNG TEAXNG YADGGAG
» Na petaylottilel npoypdpporta xdbe peyéfoug
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Kataoxevr] uetayrwtnioty  (ii

» Emnpéoheteg anatioeig:

>

>

>

Na ropdyet anodotxnd xSk

No €xet pixpd xpdvo peTayADTTIoNS

Na €xet pixpég anatioetg Pyiung xatd
METAYADTTION

Na 8ivel xadd Stayvwotind pnyvipete

Na cuveyilet Gotepa and Adbn

No eivat petapépaoipog
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daoeic xal mpoidYTa TNS UETAYADTTIONG

Aextue avdAvon
2 UYTAXTLXT) AVEAAVGT)

2 nuaclohoyue] avdAvon

vV v v Vv

Mapaywyn evdidpecou
DO

\/

BeAtistonoina

> [Mopaywyn teAeod
HOSIH
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Ocuata vAorolnone

v

Opydvwon e mepdopata

v

Opydvwon ot epnpdchio xou onicOio Tpipa
(front-end / back-end)

» ‘Edeyyog opbétnrag

> Eidn Slay YwoTindy unyupdtey xet avévngn
» Ecwtepind EGED)
> TdApata (errors)
» [Mpostdomomntixnd pnvipata (warnings)
> AmA& pnyopoto (messages)
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Exodvnon — bootstrapping

» Brijpa 11 Metayhwttiotic yia S C A oty 7.

> Brjua 2: MetayAwtuctic yia tny A oty S.
» Brijpa 3: Metayhwttiotic yia vy A oty A.
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Opydvewon oc éva népaoua

r"‘—E;mpéaﬁw L

ZUVTOKTIKOG
avaAVTAG

Agktikog
avaAvTig

ENHAGIOA0YIKOG AVAAVTHG

Tevvitopag eva1dpeson
KOO

BelticTromommg evdidpeson
KOS KL

Xepoig
GOOAUATOV

A J

IMivakag

Tevvitopog ek ko

KOS ot

cupporav

Beltictromomig tek ko

KOS

Orictho tuijpo
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Kepdhowo 2:
Tunixéc YA®ooeC
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Tumixéc yAdooeg (i)

Baouxég évvoleg

> Al@dBnto x
> 2 OuBohro a
» YupPolrocelpd e
» Mrjxo¢ cupBorocelpdg |
> Y 0voho Gupfolocelp@dy uixoug n 2"

\4

2. 0voAo SAwY twY GupPorocelpdY

> o= U
n=0
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Tumixéc yAdooeg  (ii)

Baouée évvoleg  (ouvéyeia)

> Kevt| cupBoloaelpd
> [Napdbeon cupPorocelpdyy

> [Napdbeon cupPorocelpds e Tov eavtd NG

> [NpdBepa, enifepa, vtocupuBoloacelpd
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Tumxéc yAdooeg  (iii)

Baouéc évvoleg  (ouvéyeia)
[A\dooa L € 5F°

>

>

‘Eveorn YAwGohy

LiuLy, = {a | a€l; V acly}
Mapdbeon YAWGGHY

LiLy, = {af | a€L; N Be Ly}
Mapdbeomn yAdGGHG pe Tov eautd TNG

) = {e}

Lt = LL»

KAeiouuo 1) datpo tov Kleene

L = YylrL Lt = LL*
n=0
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Tumixéc yAdooeg  (iv)

[evynTixd povtéAa
» Tpappotixy G = (T, N, P, S)

» T : teppatixd cOpBola a
» N: pn teppatind cOppora A
» P xavdveg mapayyrg a—
» S apyxd cOpPoro

» Mapaywyés: av  «,8,v,0 € (TUN)*
xuw (a—p)eP
w61e Y = B0

» Ndoow: L(G)={aecT" | S=Ta}
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Tumixéc yAdooeg (V)

lepapyioc Chomsky
» ToOmou 0: 6Aeg ot ypappoatxég, o — 3

» Tomou 1: ypoppatixég pe cuuppaldpevo
(context-sensitive), a — 3 pe |a| < ||

» Tomou 2: ypappatixég ywplc cupppaldpeva
(context-free) A — 8

» Tomovu 3: xavovixég ypappatinés (regular)
A—aB 4 A—a

» Edun mepintwon: YAGGGEG OV Tapdyouy TNy xevi
cupPolrocelpd
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Tumixéc yAdooeg (Vi)

Avayvwplotég
» TOmou 0: pnyavy Turing
» Tomou 1: ypoppuxd neploptopévn pnyavy Turing
» Tonou 2: avtépata otoifag (push-down automata)
» Xpfolpa 6T cuVTAXTIXT| avdAvon
» Tomou 3: nemepacpéva avtdpata (finite automata)
» Xpfiolpa ot Aextixr] avdAvon
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Kavovixéc yidooec (i)

> Kavovixég ypouppatiaég
» Mévo xavdveg A—aB 4 A—a
> 1GodUvapa A—Ba 4 A—a
» Kavovuxée exppdoelg (regular expressions)
» Kevi} cupBolocetpd:
Kafe cOppolro touv X
Mapdbeomn 860 xaAVOVIHADY eXPPAGERY:
A1dLevin 800 AAVOVIADY EXPPACEWY:
Kheioipo (1 dotpo) Kleene:

v

\/

v

v

> Y UuvTopOYpapieg:
> AmaAOLPT] MEPLTTAY TapevBécewy
» vt [a1,a9,...,3,] [a1 —ag] 77

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009

—~ <

-
3

»w O»

—_— — D ™

20 / 123



Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
> éva 1) meptocdtepa Sexadind Pmeio
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Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
> éva 1) meptocdtepa Sexadind Pmeio

[0-9]*
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Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
> éva 1) meptocdtepa Sexadind Pmeio

[0-9]*
> Aplbuntixég otabepég ywplc mpbonuo otn C
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Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
> éva 1) meptocdtepa Sexadind Pmeio
[0-9]*
> Aplbuntixég otabepég ywplc mpbonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av elvou pndevixnd (yroei;)
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Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
> éva 1) meptocdtepa Sexadind Pmeio
[0-9]*
> Aplbuntixég otabepég ywplc mpbonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av elvou pndevixnd (yroei;)

([1-9][0-9]*|0)
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Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
» éva 1] neptacdtepa Sexadind Pneio
[0-9]*
> Aplbuntixég otabepég ywplc mpbonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av elvou pndevixnd (yroei;)
> TMPOXLPETIXA: UTOSLAGTOAT) xoll HAAGUATING UEPOG

([1-9][0-9]*|0)
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Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
» éva 1] neptacdtepa Sexadind Pneio
[0-9]*
> Aplbuntixég otabepég ywplc mpbonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av elvou pndevixnd (yroei;)
> TMPOXLPETIXA: UTOSLAGTOAT) xoll HAAGUATING UEPOG

([1-9][0-9]"|0)(\.[0-9]7)?
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Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
> éva 1) meptocdtepa Sexadind Pmeio
[0-9]*
> Aplbuntixég otabepég ywplc mpbonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av elvou pndevixnd (yroei;)

> TMPOXLPETIXA: UTOSLAGTOAT) xoll HAAGUATING UEPOG
> mpoatpeTxd: exBétng pe M| Ywplc npdonuo

([1-9][0-9]"|0)(\.[0-9]7)?
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Kavovixéc yidooec  (ii)

Mapadeiypoto 2xavovixdy expplcewy
» Axépateg otabepéc ywplc mpdonuo ctny Pascal
> éva 1) meptocdtepa Sexadind Pmeio
[0-9]*
> Aplbuntixég otabepég ywplc mpbonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av elvou pndevixnd (yroei;)

> TMPOXLPETIXA: UTOSLAGTOAT) xoll HAAGUATING UEPOG
> mpoatpeTxd: exBétng pe M| Ywplc npdonuo

([1-9][0-91*(0) (\.[0-9]") 7 ((Ee) (+[—) ?[0-9]™)?
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[erepaouéva autduata (i)

> Kataotdoelg xal petafdocetg

» Nteteppuviotxd (NMA), pun vreteppuvictind (MIMA) xou
MIMA pe xevég petafdoeig (MINA-¢)

LN HOTAGTOOT), TEALUEC HOTUGTAGEL
» A A
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[erepaouéva autduata  (ii)

> Mot YAdooo avayvepilet;
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[erepaouéva autduata  (ii)

> Mot YAdooo avayvepilet;

> Tn yAdcoa 1wy cupPorocelpdy Tou anoteAodvTal and
0 o 1 xou meptéyouy dptio aptfud 1
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Kavovixéc yAdooeg, avaoxonnon

Avarywyég won Looduvayieg

>

>

v

\{

v

\{

AOAVOVLXT] Y POPLOTLXN
MIA-€

xavovLXY| EXQPACT
MIA-€

MMA-e
EAayiotomoinom NIA

Nixog Manacnipov, Kwotig Taydvog

MIMA-e
HOUVOVLCY Y PUUMUATLIN

4u

MIA-e

HOVOYLXT EXPPACT|

U

= NMNA

Metaylwttictés Méptiog 2009 24 /123



Kepdiowo 3:
Aextixn avdiuon
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Aextixr) avaiuvon

» Aextixég povadeg (tokens)

> Avayvwpilovtol pe Temepacpuéve RUTOUATO TOL:
> StaBalouy ev3eyOpEVKG TEPLGTETEPOUG YAPAXTHPES
» omcBodpopoldy av ypetactel

> Stafétouy €€odo Tou Yp1NGLULOTOLEITOUL GTY) CUYTAXTIXT
avdivon

> Educdg cupPoliopéde: Siaypdppata petdfacng
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Awaypduuato uetdBaons (i)

> Avayvwpiotixd tng Pascal
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Awaypduuato uetdBaons (i)

> Avayvwpiotixd tng Pascal
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Awaypduuato uetdBaone (i)

> Teheotée > o >—
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Ararypduuato uetdfaong

> Teheotée > o >—
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Kataoxeur tov AA (i)

> Kataypogr xot Taglvopnetn yopaxtipwy
mapping : (ASCII U {EQF}) — X
> Katoypogpr] xo Tagivopnon Aextindy povadwy

» Kodixonoinon Aextindy povadwy
» Axohovbio yapaxtipwy (lexeme)

> X xedlaoT Tou Slaypdppatog petdfocng

> Ylomoinem tou Aextixol avaAuty

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009
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Kataoxeur tov AA (i)

> Empépoug Bépata
» Tpdmog Slaywplopod AeXTIXDY HOVASwY
» 2 yoh
» Aldxpion eldy / xepadaiwy ypuppdtwy
» Evdigpeon wviiun (buffer)
> Avayndr and cpaipata

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009
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Kataoxevr) Tov AA

S

iiiii--

(Tdo)  (Tsmdo)  (Tlpren)  (Trparen) (Teq) (Tpw)  (Tnins)

2 yedloom
GUVOALX0U
SLay pAUMALTOG
petafaong

Nixog Manacnipov, Kwotig Taydvog

a ouLIED_

LIEWDI_

MetayAwttiotég Mépriog 2009
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Kataoxeur tov AA  (iv)

> EvahAaxtixol tpémol vAornoineng:

> Xelpwvoxtixnd
» Me nivaxa petafdcewy
» Me to petaepyaheio flex
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Yionoinon AA ue to flex (i)

» Metacpyaheio flex: yevvitopag AA
> Eicodoc: petampdypaupe TOU MEPLYPAPEL TLG AEXTIXES
HoVAdeg
» ‘EcoBoc: mpbypoappa oe C
» H cuvdptnom yylex viornotel to AA
» Emctpépet tov xwdind g Aextinrig povddag mov
avayvwpictnxe, 1 0 oto téhog tng cupPorocelpds
e166d0v
» Tomobetel oty petafAnTy yytext Ty avtictoty
axolovBia yapaxtipwy (lexeme)
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Yionoinon AA ue to flex (i)

> Aop1| TOU HETATPOYPAUUATOG
Mépog A
ot
Mépog B
o
Mépog '

Ko Tt tplor puépm pwmopody va eivan xevd
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Yionoinon AA ue to flex  (iii

» Mépog A, mepLéyet
» 2 x6Aa, énwg oty C
» Kdduxa C, péoa ot %{ aou %}
> Mynpovixd ovopate kg GUYTOROYPAPIEG HAVOVIXADY
EXQPPACEWY
» AnAAoEelg apyIAOY KATAGTAGEWY
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Yloroinon AA ue 7o flex  (iv)

» Mépog A, mapddetypa

YA

#define T_eof

#tdefine T_id 1
#tdefine T_while 52

void ERROR (const char msg []);

hx

L [A-Za-z] /* letters */
D [0-9] /* digits */
W [ \t\n] /* white space */
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Yionoinon AA ue to flex  (v)

> Mépog B, meptéyet xavdveg tng Lop@rig

xovoyvixt €xgpact evépyela

> Kabe evépyela elvan pua evtodt| tng C
» Acitovpyla:

» Aafaleton to paxpdtepo npdbepa tng cupBorooeipdg
£16630v Tou pmopel Vo avay vwplotel and xdnolo
xavovLxY| £xXQpac

» Exteleiton n avtictoiym evépyela
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Yionoinon AA ue to flex  (vi)

> Kavovixég exgpdoelg

a

\z

\123
\x3f
"abc"
[abc]
[a-z]
[ac-fs]
[Ca-z]

Nixog Manacnipov, Kwotig Taydvog

O yapaxtipag a.

Onotocdfjmote yapaxtipag extdg TG ahAayrg
Ypopupic.

Av z évaand taa, b, f,n, r, t, v 1) 0, téte Smwg
ot C, ahAiidg o i8log o yapaxtipag .

O yapaxtipoag ASCII pe oxtaduxt Ty 123.

O yapoaxtipag ASCII pe Sexaedadint tiur| 3F.

H cupporocelpd abe.

‘Evag and toug yapaxtipeg a, b 1 c.

‘Evag and toug yapaxtipes a £wg z.

‘Evag and toug yapaxtrpes a, ¢ éwg £, 1 s.
‘Evag and toug yapaxtiipeg extdg 66wV aviixouy
oY meploxm a £wg z.

MetayAwttiotég Mépriog 2009
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Yionoinon AA ue to flex  (vii)

» Kavovuée exppioels  (ouvéyela)

{name}

rSs
rls

(r)

7%
r+
r?

r{7}
r{3,5}
r{4,}

H xavovixt éxppacn pe pynpovixd évopa name.

H napdbeon twy r xou s.

H 31alevin Ty r xou s.

H xavovur| éxgpacn r. Ot napevBéseig ypnotpo-
molovvTal yla opadomnoine.

H 7 emavakoapBdvetor pndéy 1 nepiocdtepeg Qopés.
H r emavaloapBdvetol pla 1 neplocdtepes Qopeg.
H r eivau mpooupetint (emavokapPdévetar undéy 1
ML Popd).

H r emavaloapBdveton axpBog 7 gopéc.

H 7 emavaloapBdvetor and 3 £wg 5 Qopég.

H 7 emavaloapBdveton 4 1 nepiocdtepeg Qopég.
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Yionoinon AA ue to flex  (viii)

» Kavovudés exppioels  (ouvéyela)

°r H r aAA& pévo oty apxm plog YPupprs.
r$ H r aAA& pévo Gto téhog piag ypoppic.
<<EQF>> To téhog tou apyelov elgéd0v.

r/s H xavovixr éxgpacn 7 aAA& pévo av axo-

AovBel 1 xavovuer] éxgppac s.

<S>r H 7 ahhd pévo étav m tpéyovca apyxn
xatdotacT elvou 1 S.

<S1,892,53>r H 7, al& pévo Stay 1 Tpéyouca apyLnt|
xatdotacT elvan o and tg Sy, Sz 1 Ss.

<*k>7 H r ce omoladrnote apytxr) xatdctac.
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Yioroinon AA ue to flex

» Mépog B, mapdderypa

"and"
"while"

{L}({L}[{D}|_)*
{D}+(\.{D}*(e\-?{D}+)7)7
{W}+

O (LTI N [T T )\t

{ return

{ return

{ return
{ return

(ix)

T_and;
T_while;

T_assign;
T_colon;

{ return T_id;

{ return T_const;
{ /* nothing */
{ /* nothing */

{ ERROR("illegal token");

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég
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Yiornoinon AA ue to flex  (x)

> Mépog [, mepiéyet x@dSuxa C
> [Noapdaderypo
void ERROR (const char msg []1)

{
fprintf(stderr, "ERROR: %s\n", msg);
exit(1);
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Yionoinon AA ue to flex  (xi)

» Mapdderypo (ouvéyela)

int main ()

{
int token;
do {
token = yylex();
printf ("token=%d, lexeme=\"%s\"\n",
token, yytext);
} while (token != T_eof);
return O;
}
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Yionoinon AA ue to flex  (xii)

> [Mapddetypo: Aplbunon ypoppdy

int lineno = 1;

[ \t]+ { /* nothing */ }
\n { lineno++; }

void ERROR (const char msg [])
{
fprintf (stderr, "ERROR, line %d: %s\n",
lineno, msg);
exit(1);
T

> [popAnue: AdBog aplBunom ce oydiia
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Yloroinon AA ue to flex  (xiii)

v

Apyués xatacTdcelg
» Kowvég: %s
» AmoxAsioTinég: %x

v

Evepyol xavéveg 6e xdmota xatdcTaG

\4

MetdPBacn petadd xatactdcewy: BEGIN(s)

\{

Apxuxt| xatdotacn xatd Ty évapdn Aettovpylog Tou
AA: INITIAL
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Yionoinon AA ue to flex  (xiv)

» Mopddetypo: Apibunon ypopudy (dtépbuomn)
%x COMMENT

"M { BEGIN(COMMENT); }
<COMMENT>"*) " { BEGIN(INITIAL); }
<COMMENT>\n { lineno++; }
<COMMENT>"=*" { /* nothing */

}
<COMMENT> [~*\n] + { /* nothing */ }
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Kepdhowo 2:
Tunixéc YA®ooeC

(uépoc 20)

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 47 / 123



['Mdooec ywplc ouupealdueva (i)

> [poppatinég ywplg cupppaldpeva: A—a
> Ye xd0e mopaywyr évo pn teppatind cOpPodro
avuxadictatal, Bacel evég xavéva
> [Mohkég Sragopetinég mapaywyég dagépouy névo ot
GELPA TWY AVTIXATACTAGEWY
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['Mdooec ywplc ouupealdueva (i)

> [poppatinég ywplg cupppaldpeva: A—a
> Ye xd0e mopaywyr évo pn teppatind cOpPodro
avuxadictatal, Bacel evég xavéva
> [Mohkég Sragopetinég mapaywyég dagépouy névo ot
GELPA TWY AVTIXATACTAGEWY
» Aptotepbtepn / dedidtepn mapaywy
(leftmost / rightmost derivation)
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['Mdooec ywplc ouupealdueva (i)

> [poppatinég ywplg cupppaldpeva: A—a
> Ye xd0e mopaywyr évo pn teppatind cOpPodro
avuxadictatal, Bacel evég xavéva
> [Mohkég Sragopetinég mapaywyég dagépouy névo ot
GELPA TWY AVTIXATACTAGEWY
» Aptotepbtepn / dedidtepn mapaywy
(leftmost / rightmost derivation)

» Yuvtoaxtixd dévtpa (parse trees)
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I'dooec ywplc ovugealdueve  (ii)

S — aABc|e€
A — cSB| Ab

B — bB]|a
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I'dooec ywplc ovugealdueve  (ii)

» Mio napoywy S — aABc|e
= aABlc = aAlbBc A — cSB| Ab
= acS[BbBc = adSJabBc

= acab/Blc = acabac

B — bB]|a

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 49 / 123



I'dooec ywplc ovugealdueve  (ii)

» Mio napoywy S — aABc|e
= aABlc = aAlbBc A — cSB| Ab
= acS[BbBc = adSJabBc

= acab/Blc = acabac

> Aplatepdtepn mapaywyt)

= aA|BC = aA]bBc

=, adS|BbBc = adBJbBc
=7 acabc = acabac

B — bB]|a
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I'dooec ywplc ovugealdueve  (ii)

» Mio napoywy S — aABc|e
= aABlc = aAlbBc A — cSB| Ab
= acS[BbBc = adSJabBc

= acab/Blc = acabac

> Aplatepdtepn mapaywyt)

= aA|BC = aA]bBc

=, adS|BbBc = adBJbBc
=7 acabc = acabac

> Aedibtepn napaywy
= aAlBlc =r aAac

=g alAJpac = acS[Blpac
= adSlabac =x acabac

B — bB|a
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I'\éooes ywpls ovugpaldueva (i)
» Mio noapoywy S — aABc|e
= aA Bl = a[AbBc A — cSB| Ab
= acS@lec = acabBc
= acabc = acabac 5 = bl
> Apiatepdtepn mapaywy
=1, aA|BC = a[AbBc
=, adS|BbBc =, adBpBc
=3 acabc = acabac
> Acdiétepn napaywy
=r aA[Blc =5 adAlac
=g alAlpac =x acS[Blpac
= ad Slbac =5 acabac

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég
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Awpopolueves yoauuatixés (i)

> Avo ypappatinég eivan LlGodOvopes dTay Tapdyouy TNy
(3t YAdGow.

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 50 / 123



Awpopolueves yoauuatixés (i)

> Avo ypappatinég eivan LlGodOvopes dTay Tapdyouy TNy
(3t YAdGow.

» M ypoppatiy eivan Sipopodpeyn (ambiguous) av
LTdPYOLY 300 1| MEPLGGOTEPA GUYTAXTINA BEVTPA Yol TNV
(St maparySpevn cupBoloacelpd
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Awpopolueves yoauuatixés (i)

> Avo ypappatinég eivan LlGodOvopes dTay Tapdyouy TNy
(3t YAdGow.

» M ypoppatiy eivan Sipopodpeyn (ambiguous) av
LTdPYOLY 300 1| MEPLGGOTEPA GUYTAXTINA BEVTPA Yol TNV
(St maparySpevn cupBoloacelpd

> [pappatinég xal YAOGGOEG eYYEVAOG dLpopolueveg
(inherently ambiguous)
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Awpopolueves yoauuatixés (i)

> Avo ypappatinég eivan LlGodOvopes dTay Tapdyouy TNy
(3t YAdGow.

» M ypoppatiy eivan Sipopodpeyn (ambiguous) av
LTdPYOLY 300 1| MEPLGGOTEPA GUYTAXTINA BEVTPA Yol TNV
(St maparySpevn cupBoloacelpd

> [pappatinég xal YAOGGOEG eYYEVAOG dLpopolueveg
(inherently ambiguous)

> Xp1ion SLPopoUUeVWY YPAUMUATIXGDY GTNY TEPLYPAPT] TNG
cUVTAENG YAWGGHY TPOYPUUUATIGHOY
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Aipopoluevee yoauuatixés (i)
» NMapdderypa: cexpépocto if (dangling if)
stmt — if cond stmt else stmt | if cond stmt | sl | s2

cond — cl|c2
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Aipopoluevee yoauuatixés (i)
» NMapdderypa: cexpépocto if (dangling if)
stmt — if cond stmt else stmt | if cond stmt | sl | s2

cond — cl|c2

» Awpopolpevo: ot molo if avtictolyel to else;

if cl if c2 sl else s2
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ALpOpoUUEVES YOOUUATIXES

> Mapdderypa: Gexpépacto if (dangling if)

(1)

stmt — if cond stmt else stmt | if cond stmt | sl | s2

cond — cl|c2

> Aipopolpevo: ce moto if avtictolyel to else;

if cl if c2 sl else s2

“stmt
/ AN

N\ ~—
c1 if cond stmt else stmt

c2 s2

if ¢l (if c2 sl else s2)

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég
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Aipopoluevee yoauuatixés (i)
> Mapdderypa: Gexpépacto if (dangling if)
stmt — if cond stmt else stmt | if cond stmt | sl | s2

cond — cl|c2

> Aipopolpevo: ce moto if avtictolyel to else;

if cl if c2 sl else s2

\ S N
cond stmt else stmt i cond  stmt

c2 s2

if ¢l (if c2 sl else s2) if ¢l ( if c2 sl ) else s2
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Tedrol napdotacnc yeauuatixdy (i)

» Backus-Naur Form (BNF)
» 20pPoro 1= oTOUG AAVEVEG
» Mn teppatind cOpBola ce ywviaxég napeviéaelg,
Y. (expr)

» XopPolo | yia dtdleudn
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Tedrol napdotacnc yeauuatixdy (i)

» Backus-Naur Form (BNF)
» 20pPoro 1= oTOUG AAVEVEG
» Mn teppatind cOpBola ce ywviaxég napeviéaelg,
Y. (expr)

» XopPolo | yia dtdleudn

(unsigned-number) ::= (integer-part) (dec-fraction) (exp-part)
(integer-part) := (digit) (integer-part) | (digit)
(dec-fraction) := . (integer-part) | €
(exp-part) == E (sign) (integer-part)

| e (sign) (integer-part) | e
(sign) n= 4| — e
(digit) w=0]1|2]3(4|5|6]|7[8]9
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Tedrol napdotaons yoauuatxdy (i)

» Extended Backus-Naur Form (EBNF)
» Teppatixd cOuPola ot elcaywyind
» lMopevbécelg yia opadomnoinon
> AyrOAeg Yio TPOUPETINGE TUATA
> YOpBola + x4yl emavdAndm
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Tedrol napdotaons yoauuatxdy (i)

» Extended Backus-Naur Form (EBNF)

» Teppatixd cOuPola ot elcaywyind
» lMopevbécelg yia opadomnoinon

> AyrOAeg Yio TPOUPETINGE TUATA
> YOpBola + x4yl emavdAndm

(unsigned-number) == (digit)™ [ “.” (digit)" ]
[ (“E” | “e77) [ “_"_77 ‘ “_» ] <digit>+ ]
<digit> = “077 | “1” ‘ LL277 | “377 | “4”

| “577 | ((677 ‘ “7)7 | (£877 | “9”
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Todrol tapdotaone yeauuatixey  (iii)

> 2 UVTAXTIXE SloypappoTa

> Teppatind cOpPora ce ofdA
» Mn teppatind cOpBola ce opboydvia
» Aadoyr| cupBéAwy (rapdbeon) pe BEAY
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Todrol tapdotaone yeauuatixey  (iii)

> 2 UVTUXTIXA Loy PappoTR
> Teppatind cOpPora ce ofdA
» Mn teppatind cOpBola ce opboydvia
» Aadoyr| cupBéAwy (rapdbeon) pe BEAY

unsigned-number
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Kepdhawo 4:
2ILUVTAXTLXY] AVAALOT
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2UVTaXTixy) avdAuon

» Yuvtaxtixd dévtpo (parse tree)
» Kataoxsvaletar pe 39o tpdmoug:
» Kafodixd — And mdve mpog ta xdtw (top-down)
dnhadt| Cexntvidvtag and ) pile xa
TPOYWPWYTAG TPOG TAL PUAAQL
» Avodixd — Amd xdtw mpog T méve (bottom-up)
dnhad Ceavddvtog and ta QUA xou
TPOXWPAYTAG TPOG TN pila
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Top-down xot bottom-up

ammé mévw TPoS Ta KATW
B (top-dovm)

//\\
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Top-down xout

arré mévw TTPOS T KATW armé KATw PO Ta VW
(top-down) (bottom-up)
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Bonfntxéc évvoree (i)

» Y 0vola FIRST
» ‘Ectw cupBorocetpd a € (T'U N)*
» To obvoro FIRST () C T U{ e} nepiéyetl ta teppatixd
cOpPora and ta omoia apyiCouv ot cupPolocelpég Tov
Tapdyovtal and TNy «
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Bonfntxéc évvoree (i)

» Y 0vola FIRST
» ‘Ectw cupBorocetpd a € (T'U N)*
» To obvoro FIRST () C T U{ e} nepiéyetl ta teppatixd
cOpPora and ta omoia apyiCouv ot cupPolocelpég Tov
Tapdyovtal and TNy «

» Av a =" af téte a € FIRST ()
» Ava=*e té1e € € FIRST ()
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Bonfntxéc évvorec (i)

» X 9voia FOLLOW
» ‘Eotw pn teppatind clpuforo A
» To cdvoho FOLLOW(A) C T U { EOF } mepiéyet ta
teppatixd cOpPola mou puropody va axorovboiy To A
GTN JLAPHELX UIAG TRPAY WYTG
» Av to A pmopel va eivau to tehevtaio cOpPolro ot pua
nopaywyt, téte EOF € FOLLOW(A)
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Bonfntxéc évvorec (i)

» X 9voia FOLLOW

‘Ectw pn teppatind cdpporo A

» To cdvoho FOLLOW(A) C T U { EOF } mepiéyet ta
teppatixd cOpPola mou puropody va axorovboiy To A
GTN JLAPHELX UIAG TRPAY WYTG

» Av to A pmopel va eivau to tehevtaio cOpPolro ot pua

nopaywyt, téte EOF € FOLLOW(A)

v

» Av S =% adafl  téte a € FOLLOW(A)
» Av S=*aA  téte EOF € FOLLOW(A)
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Yroroyioudc FIRST (i)

» FIRST(¢) = {e}
» FIRST(aff) ={a}
» av e ¢ FIRST(A)
téte  FIRST(AB) = FIRST(A)
» av e € FIRST(A)
téte  FIRST(AB) = (FIRST(A) — {e}) U FIRST(3)
> yia xdfe xavéva A — «, npénet FIRST (o) € FIRST(A)
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YroAoyioude FIRST

> MNopddelypa

FIRST(E) = {id,(}
FIRST(T) = {id,(}
FIRST(F) = {id,(}
FIRST(E') = {+, €}
FIRST(T) = {* €}

Nixog Manacnipov, Kwotig Taydvog

(i)
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Yroroyiouéc FOLLOW (i)

» EOF € FOLLOW(S)
>yl %80 xavéva A — aBj
> (FIRST(3) — {¢}) € FOLLOW(B)
> oy e € FIRST(p)
6t FOLLOW(A) C FOLLOW(B)
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Yroroyiouéc FOLLOW (i)

> MNopddelypa .
FOLLOW(E) = {),EOF}
FOLLOW(T) = {+,),EQF} -
FOLLOW(F) = {* +,),EQOF} -
FOLLOW(E) = {),EOF} —
FOLLOW(T) = {+,),EOF} -
FIRST(E) = {+,¢} -
FIRST(T) = {* ¢} I
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YA bottom-up (i)

\{

H cuvtaxtuan] avdlvon Eextvd and ta UM

\{

KdBe @opd, avalnta:
> Tov aploTepdTepo ASUPo ToL dévTpov
> Tov dev €xel AU HATACHEVAGTEL
> £vQ SAa To TAUSLA TOV £XOUY HATACHEVAGTE

\4

EnavadopPdver péxpl va xatacxevactel 1 pllo

v

EXdttwon (reducing): m emAoyt) twy xépBwy mou Ba
anoTeAEGoUY Tal Toudld evog véou xSpBou
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YA bottom-up  (ii)

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 65 / 123



YA bottom-up  (iii)

» YA olioOnong-ehdttwong (shift-reduce)

» Xpnolponolody pua (apytxd xevi) otoifa érou
tonofetoly GURBOAX TNG YPAUUATIXTS

» OlicOnom (shift): petapopd evég cupBoéiov and Ty
elco80o oty xopuen g cToifag

» EXdttwon (reduce): agaipest and ty xopuer| e
ctoifag Tov 8eglod péhoug evég xavdva xou mpdcbeon
ToV apLeTEPoY MéNOUG

» Emtuyio: m otoifa mepiéyet pévo to S xan ta cOpPora
g e16680v éxouv egavtAndel
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YA bottom-up  (iv)

Pipe  otoifa  eicodog neplypapt) [p | b

0 € ra,b oAicBnon
1 r ) ohicbnon
2 ra , b ehdttwon pe D — a
3 D , b ehdttwon pe B — D
4 r B ) ollcbnon
(6L eNdttwon pe S—r B)
5 r B, b ohicBnom
6 rB,b € ghdttwon pe D — b
7 r B, D € ehdttwonpe B— B, D
(6L eNdttwon pe B — D)
8 B € ehdttwon pe S—r B
9 S € ALY VEPLOT
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YA bottom-up

» LR(k)

)
SLR(1)
LALR(1)
LR(1)

vV v v v

Nixog Manacnipov, Kwotig Taydvog

(v)

ovuPolodeELPd. E16000D

EMOLUEVO
obupolro

OUVTOKTIKNG OVOAVONG

LR(1)

Yvvtoktikoc Avedlvtg LR(1)

aroifo.
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Yionoinon XA ue to bison (i)

» Metaepyakeio bison: yevviitopag A LALR(1)
» Elcodog: petampdypappa mov meplypdel T cvvTadn
2O TG GMUAGLOAOYIXEG pOVTivEG
» ‘Ecodoc: mpbdypappa o C
» H ocuvdptnom yyparse vhornotel to XA
» Emctpépet 0 av avayvwpiotel 1 cupPorocelpd etcddov

1 1 o nepintwon cuYTaxXTINOD GQAARATOG
» Yuvepydletou pe to Aextixd avaluty (cuvdptnon yylex)
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Yionoinon XA ue to bison  (ii)

> Aop1| TOU HETATPOYPAUUATOG
Mépog A
ot
Mépog B
o
Mépog '

Ko Tt tplor puépm pwmopody va eivan xevd
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Yionoinon XA ue to bison  (iii)

» Mépog A, mepiéyet

>

>

>

>

2 x6A\a, émwg oty C

Kodua C, péoa oe %{ xou %}

AnAdoeig Aextuxn@dy povadey

AnAdoetg tereatdy TG apxis YAGGoAg
(mpotepautdTnTaL, TPOGETAUPLGTIXSTTTA)

Aflwon Tou cuvélou GNUAGLoAoYIXGDY TILAY (Tdrog
YYSTYPE 1 pe xprfion tov %union)

Afhwon Tou Timou g onpactoloyixtg TITG xdbe
GupBSAov
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Yioroinon XA ue to bison

» Mépog A, mapddetypo

W
void ERROR (const char msg []);

h}

%token T_program "program"
%token T_div T_mod
%token T_if T_then T_else

Ynonassoc =’ <’ >’

Yleft 247 2=’
%left ’x’ ?/? T_div T_mod

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég
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Yionoinon XA ue to bison  (v)

» Mépog A, mapddetypa  (ouvéyein)

funion{
int 1i;
double f;
char str[80];
}

%token<str> T_id
%token<i> T_int_const
%token<f> T_float_const

htype<f> expression
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Yionoinon XA ue to bison  (vi)

» Mépog B, meptéyet:

> Toug xavdveg mapaywytg oe poper BNF
> oMPAGLONOYIKEG pouTiveg OV exTEAOYVTAL XAUTH TN
cuYTAXTIXY avdAuoT

> Ot xavbéveg £xouv TN popdr:

S R 1
A x%x%xgnl
|z x5 ... T,
n n n
|zt xy ...ox

2
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Yionoinon XA ue to bison  (vii

» Mépog B, mapddelypa

program : { count=0; } block_list
{ printf("Counted %d block(s)\n",
count); }

block_list : /* nothing */
| block_list block { count++; }

block : "begin" block_list "end"
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Yionoinon XA ue to bison  (viii

> Mépog [, mepiéyet x@dSuxa C
> To petanpdypappa tov bison avahapfdvel Tov xevipixd
EAEYYO TOU HETAYAWTTIGTY) OV EMUTUYYAVETAL PE TN
GUYEPYAGIO TGV TUPAXATE:
> TOL AexT0U avaAuty
> TOU GUVTAXTIXOU avaAuTy
> Tov Tivaxa GUUPBSAWY
> TOU GTAGLOAOYLX00 avaAuTH
> TOV YEVVHTOPX EVSLAUEGOL A DIIXA

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 76 / 123



Yionoinon XA ue to bison  (ix)

> Mépog [, mapddelypa

void yyerror (const char * msg)

{
fprintf (stderr,
"syntax error in line %d: %s\n",
linecount, msg);
exit(1);
}
int main ()
{
return yyparse();
+
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Yionoinon XA ue to bison  (x)

> [Moapddelypo pe GNUAGLONOYIXEG TIHEG

E— T
E+T
F

T*F
(E)

num

Ll L

TN H 4 m

> /nrtolpevo: va xatacxevactel LA mou va urnoloyilel
™y T pag aplBuntic éxepacng
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Yionoinon XA ue to bison  (xi)

» Mapddeiypo  (ouvéyeta)
W
typedef int YYSTYPE;
hY
%token T_num

hto

program :
expression { printf("Value: %d\n", $1); }

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009

79 / 123



Yionoinon XA ue to bison  (xii)

» Mapddetypo  (ouvéyeta)

expression :
term { $$ = $1; }
| expression ’+’ term { $$ = $1 + $3; }

2

term :
factor { $$ = $1; %
| term ’*’ factor { $$ = $1 * $3; }

b
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Yionoinon XA ue to bison  (xiii)

» MNapdderypo  (cuvéyela)

factor :
?(’ expression ’)’ { $$ = $2; }
| T_num { $$ = $1; }

ho

> [Napaeinovrar 6to Mépog I
> 1 cuvdptnon yylex (mbavdg oe Eexwptotd apyeio, av
xpnotpornoindei to flex)
> Ol GUYXPTIHGELG yyerror ol main
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Ylonoinon XA ue to bison  (xiv)

> [Napddetypo — Yhomoinon AA yetpwvonctixd

int yylex ()
{

int c¢;

while (isspace(c = fgetc(stdin)));
if (isdigit(c)) {
yylval = ¢ - ’07;
while (isdigit(c = fgetc(stdin)))
yylval = yylval * 10 + ¢ - ’0’;
ungetc(c, stdin);
return T_num;

} 2 to pépog [
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Yionoinon XA ue to bison  (xv)

» MNapddetypo (cuvéyela)
if (strchr("+x()", c)) return c;
if (¢ '= EOF)
fprintf(stderr, "Illegal character: %c\n", c);
return O;

3

» Autopartomoineom tng petayA@dtiong tov LA

mytestl: mytestl.y Makefile

bison mytestl.y
gcc —o mytestl mytestl.tab.c
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Yionoinon XA ue to bison  (xvi)

> Mapadetypo — Yhomoinemn AA pe to flex
W
#include "mytest2.tab.h"
hY
he
[0-9]+ { yylval = atoi(yytext); return T_num; }
\NCI\) IN\+|\* { return yytext[0]; }

[ \t\n]+ { /* nothing */ }
{ yyerror("illegal character"); }

Z
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Yionoinon XA ue to bison  (xvii

» Autopatonoinem tng petayAdttiong AA xo XA

mytest2: mytest2.l mytest2.y Makefile

bison -d mytest2.y
flex -s mytest2.1

gcc -o mytest2 mytest2.tab.c lex.yy.c \
-1f1

» Emiluen cuyxpolvcewy Gto bison
» shift-reduce: mévta reduce
» reduce-reduce: o mpGTOG AAVOVAG
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YA top-down (i)

> H cuvtaxti avdiven ¢extvd and t pilo
> Kdbe qopd, avalntd:
> To U1 teppatind cOpPoro mov Ha avtixatactabel
= ouvijfug emAéyeton TO aAPLGTEPSTEPO
> TOV xovdva Tapaywyns mov fa spappooctel
= Pdoel Twy eMOPEVLY k AexTIXDY HOVASWY GTN
cupPolrocelpd eteddou: LL(k)

> EnavadopPavetor péypt va e¢avtAnfoly o un teppatixd
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[oauuotixés LL(1)

> Anapaitnteg tpoinobéacelg:
» Amnovcia aptotepric avadpoprs (dpeong 1 éppeons)
» Anovasia xolvol mpobépatog o8 evalhaxtixodg xavdveg
> Mepuxég @opég elvar Suvatdg 0 PETAGYNUATIGUOG [LaG
Ypoppatxic oe loodbvoun LL(1)
= anaholpt| aplotepfic avadpopns
= aplotepn) TapayovTonoinet
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Metaoynuatiouéc oe LL(1)

> AvtixatdctooT
A—>a1‘,,,|an :A—>a1|...|an
B — [iAB B — Bioafa| ... | Bromf
> Aplotept| mapayovtomnoino
A — aB
B — Bi]...|DBn

A— ab| ... |laB =

» Arnaloigr) dueang apiotepric avadpopnc

A— A | ... |Aan | B ] . | Bm
N A — 1B ... | BnB
B —- aiB| ... |ayB|e€
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YA avadpouixric xatdfoong

A— o ... |a,

METOTPEMETAL GE HMSLXA TNG LopPNG:

if token € FIRST (o) then
AOAAG YL TNY VY VAPLGT TNG O

else if token € FIRST(ay,) then
AOSHG YL TNY VALY VAPLGT TNG Oy,

else if ¢ ¢ FIRST(a1) U... UFIRST(cv,) then
GUVTOXTING GQAAL

else if token ¢ FOLLOW(A) then
GUVTOXTING GQAA

end if
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YA LL(1) (i)

» Xpnotpornotody pua otoifa 6mou tonobetody cOpBoAa
NG YPAUMUATIXTG — apXixd pbvo to S
> Kdbe popd e¢etdletal 1 xopuen tng ctolPog:
> Av elvou teppatind cipBolo xau eivar to (3o pe to
endpevo g cupPolroacelpdg etgdBov, téte apapodvTaL
xal T Yo
> Av elvan pn teppatind cOpPolro, téte avdhoya pe to
endpevo NG cupPorocelpds elcé8ou epapudleTat
xAmoLog xavdvog
» Emtuylor n otoifa xa 1 cupPorocelpd etcddou eivon
adeleg
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YA LL(1)

O ahydpibuog
XUTAGHEVTG TOV
nivaxa M opilet
TNV OLXOYEVELX TWY
YAweooy LL(1)

Nixog Manacnipov, Kwotig Taydvog

(ii

ovUPoLOTELPE. E1G000D

EMOLUEVO
obupolro

Iivakag M
OVVTAKTIKNG OVOAVONG

LL(1)

Yvvroktikoc Avoivtig LI(1)

aroifo.
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Kataoxevr XA LL(1)

E - TEF FIRST(E) = FIRST(T) = FIRST(F) = {id,(}
E' — + T E'|e FIRST(E) = {+,¢}
T - FT FIRST(T) = {* e}
T"— *FT|e  FOLLOW(E) = FOLLOW(E) = {),EOF}
F - (E)]Jid FOLLOW(T) = FOLLOW(T) = {+,),E0F }
FOLLOW(F) = {*,+,),EOF }
id + * ( ) EQF
E |E—-TFE E—TE
[E° E'—+TFE’ E'—e| E—e¢
T | T—FT’ T— FT’
T T e |T —*FT T —e|T —e
F F—id F— (E)
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Aettovpyla XA LL(1)

0 O Ui W - O

Ne

10
11
12
13
14
15
16

Nixog Manacnipov, Kwotig Taydvog

E
E
E'
E
E
=
=
=
E
E'
E
E'
E
E
E'
E
€

T

T

T
T
T

T

T

id
id
id
id

+++++++

id
id
id
id
id
id
id
id
id
id

id EQF
id EQF
id EOF
id EOF
id EOF
id EQF
id EQF
id EOF
id EOF
id EOF
id EQF
id EQF
id EQF
id EOF

EOF

EOF

EOF

* K XK X X X X X X X X ¥

MetayAwttiotég

E—-TFE
T—F T
F—id

T — ¢
E'—-+ TFE

T—F T
F—id

T —=*FT
F—id
T — ¢
E'— ¢

AVALYVOPLOT
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Kepdhowo 2:
Tunixéc YA®ooeC

(uépoc 30)
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Katnyopuxéc yoauuatxés (i)

» Katnyopu ypappatier (attribute grammar):
Ypappatixt Ywplg cupppalépeva 6mov xdbe copBolro
PEPEL VoL GUYONO HATNYOPTUATWY

> Ot tpég Twy xatnyopnudtey utoloyiCovtal Bdcetl tov
GLUYTAXTIXOV SEVTPOUL:

> 2uvhetind xatnyopata: oL TRéG TOug eCaUPTAHYTOL
pévo and xatnyopripata Ty tudidy x&be xéufov

» KAnpovopolueva xatnyopijpata: ot Tipég Toug
eCopTdvTal LéVo and xaTNYopTaTa Tou “matépa’ Kol
Ty “adeApdy” wdbe wbpBov
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Katnyopixéc yoauuotixés  (ii)

E —- E+ T {E'.wal:=E.val + T.val }
E — T { E.val := T.val }

T —> T*F { T .val :== T?.val * F.val }
T — F { T.val := F.val }

F — (E) { F.val :== E.val }

F — num { F.val := num.val }

Y nuactodoyxol xavoveg
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Kepdhowo 5:
ITivaxog cuULOA®Y

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 97 / 123



[ivaxag ouuBorwy

> Y UYXEVTPDVEL TATPOPOPLEG YL TOL OVOLLALTOL OV
eppaviCovtol 6To apyd TPOYPUUHUL

» Ovépata eivol:

>

>

>

TO TPOYPAPLLL

oL petaPAntég

Ta urompoypdppata (Stadxacics, cuvaptiosig)
Ol TOPAUETPOL TWY UTOTPOYPAUUATHDY

Ol ETIXETTEC EVTOADY

ol ctabepég

oL TUmoL deSopé vy

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009

98 / 123



XopaxtnoloTixd ovoudTwy

v

Katnyopla anoffxeuong (storage class)
» KaBohixég petaPintég (global variables)
» Metapintéc otoifag (stack variables)
» Yrtatxég petoPAntég (static variables)

v

Eppéreia (scope)

\4

Opatétnta (visibility)

\{

Audpxero Lomig (lifetime)

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009

99 / 123



IIepieySueva mivaxo ouuBorwmy

Eppéreia (éppeoa)

Opatétnta (éppeca)

Awdpxeia {omg

Tinoc

©¢an (8tebBuven PvipNg, xaTaywpNTHg, -..)
AplBdg ToPUUETPWY UTOTPOYPAMUATOS
TOmog MUPAUETPWY UTLOTPOY PAUMUATOG

Tpomog MepAGUATOG TAPAUETPWY UTIOTPOY PAPMATOS

vV V. vV VvV vV VvV VvV VY

ToOmog anoteAéGuatog GUYAPTNONG
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Opydvwon mivoxa ocuufolwy

» Baocuiég Aettovpyleg
» MpocBiixn ovépatog
» Avalritnon ovépatog
» Alaypagr) ovOpatog 1) Opddog OVORATLY
» Kéatog mposhiiung 1 avalitnong avdhoya pe tny
vlomoinon:

Ypoppxt| AMota O(n)
duadind dévtpo avalfitnong | O(logn)
nivaxag xataxeppoatiopod | O(n/k)
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Yiorolnon ue 1IK

uBéreia 3

7

k-3

- \
> ) ) upéreia 2

(VA

y

c

uBéreia

k-2 b
a

k-1

mivakag aroifa oToifa
KQTAKEPUATIOLOU arrobnkeuong guBeAsiov
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Kepdlawo 6:
YNUACGLOAOYLXY) AVAALGT)
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Y0vtaén xar onuaoctoroyla

> 2 0vTocT: pop@r xat Sopr| TwY XAADG GYNUATIGHEVKDY
TPOY PUPLLATLY
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Y0vtaén xar onuaoctoroyla

> 2 0vTocT: pop@r xat Sopr| TwY XAADG GYNUATIGHEVKDY
TPOY PUPLLATLY

> Y npoacloloyio: eppnvela TwY XOADG GYTHATIGUE VKDY
TPOYPAUUUATWY
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Y0vtaén xar onuaoctoroyla

> 2 0vTocT: pop@r xat Sopr| TwY XAADG GYNUATIGHEVKDY
TPOY PUPLLATLY
> Y npoacloloyio: eppnvela TwY XOADG GYTHATIGUE VKDY
TPOYPAUUUATWY
> 2 totixt] onpactoloyia: eVIOTIGISG GTUAGLONOYLHDY
CPUAPATWY xATA TN SLdpreld TNG KETAYADTTIONG
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Y0vtaén xar onuaoctoroyla

> 2 0vTocT: pop@r xat Sopr| TwY XAADG GYNUATIGHEVKDY
TPOY PUPLLATLY
> Y npoacloloyio: eppnvela TwY XOADG GYTHATIGUE VKDY
TPOYPAUUUATWY
> 2 totixt] onpactoloyia: eVIOTIGISG GTUAGLONOYLHDY
CPUAPATWY xATA TN SLdpreld TNG KETAYADTTIONG
» Avvapixt] onpactoloyio: anddoon eppnveiag ota
TPOYPAUUATA HATA TNY EXTEAEGT] TOUG
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Yronxr onuactoroyla (i)

> [lepBarrovta TomwY

Iy = {iw integer,x — real }
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Yronxr onuactoroyla (i)

> [lepBarrovta TomwY
Iy = {iw integer,x — real }
> 2 xéom avtietoiyiong Tinwy

'=~F:7

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009

105 / 123



Yronxr onuactoroyla (i)

> [lepBarrovta TomwY
Iy = {iw integer,x — real }
> 2 xéom avtietoiyiong Tinwy
'EE:7

» Kavdveg tonwy

I' H Ey : integer ' = E5 : integer

I'  E1+Ey : integer
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Ytotxy onuaoctoroyla (i)

> [Mapaywyég Tomwy

'y i integer I'y B 1 : integer

['y = i+1 : integer I'h F x: real
'y & (A+1)*x : real
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Ytotxy onuaoctoroyla (i)

> [Mapaywyég Tomwy
'y i integer I'y B 1 : integer
['y = i+1 : integer I'h F x: real
'y & (A+1)*x : real

» H avuctolyion timwy pe xovéveg TOMWY emexteivetat
ce OAa TAL TUTUATA TPOYPAUMUATOG

I' = E : boolean TI' S : stmt
I' F while E do S : stmt
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Avvauxyj onuaoctoroyla (i)

» Aeitovpyut] onpacloloyio (operational semantics)
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Avvauxyj onuaoctoroyla (i)

» Aeitovpyut] onpacloloyio (operational semantics)
= axohouBia utoroyloTindy Prpdtmy
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Avvauxyj onuaoctoroyla (i)

» Aeitovpyut] onpacloloyio (operational semantics)
= axohouBia utoroyloTindy Prpdtmy

» Anhwtixt onpactoloyia (denotational semantics)
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Avvauxyj onuaoctoroyla (i)

» Aeitovpyut] onpacloloyio (operational semantics)
= axohouBia utoroyloTindy Prpdtmy
» Anhwtixt onpactoloyia (denotational semantics)

= padnpate) cuvdptnot and to nedio Twy Sedopévey
£16680V 6TO Medio TWY AMOTEAEGUATHY
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Avvauxyj onuaoctoroyla (i)

» Aeitovpyut] onpacloloyio (operational semantics)
= axohouBia utoroyloTindy Prpdtmy
» Anhwtixt onpactoloyia (denotational semantics)

= padnpate) cuvdptnot and to nedio Twy Sedopévey
£16680V 6TO Medio TWY AMOTEAEGUATHY

> AZtwpatet] onpactoloyia (axiomatic semantics)
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Avvauxyj onuaoctoroyla (i)

» Aeitovpyut] onpacloloyio (operational semantics)
= axohouBia utoroyloTindy Prpdtmy
» Anhwtixt onpactoloyia (denotational semantics)

= padnpate) cuvdptnot and to nedio Twy Sedopévey
£16680V 6TO Medio TWY AMOTEAEGUATHY

> AZtwpatet] onpactoloyia (axiomatic semantics)
= 1 eppnvela xabopiletan Eppeca pécw Aoyinmy
TPOTAGEWY TOV TEPLYPAPOLY 1BLETNTEG TOU
TPOYPAUUATOG
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Avvauxr onuaoctoroyla (i)

» H evtohfj avdbeong /=1
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Avvauxr onuaoctoroyla (i)

» H evtohfj avdbeong /=1
» Acttovpyr] onuacloloyio
(E,0) — v
(I=FE,0) — o[l — v]
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Avvauxr onuaoctoroyla (i)

» H evtohfj avdbeong /=1
» Asttovpyunt| onpacloloyio
(E,0) — v
(I=E,0) — o[l — ]

» Anleta] onpactoloyio

C[I=E](s) = s[I— E[E](s)]
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Avvauxr onuaoctoroyla (i)

» H evtohfj avdbeong /=1
» Asttovpyunt| onpacloloyio
(E,0) — v
(I=E,0) — o[l — ]

» Anleta] onpactoloyio
C[I=E](s) = s~ E[E](9)]
» Alwpatint] onpactoloyia

{P[I— E]|} I=sE {P}
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Ynuaotoloyixdc éxeyyoc (i)

> ‘EAeyyog tOmwy
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Ynuaotoloyixdc éxeyyoc (i)

> ‘EAeyyog tOmwy
Y. ol tekeatég epappbdlovial oe xaTdAANAa tehodpeva

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 109 / 123



Ynuaotoloyixdc éxeyyoc (i)
> ‘EAeyyog tOmwy

Y. ol tekeatég epappbdlovial oe xaTdAANAa tehodpeva

> ‘Eheyyog potic
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Ynuaotoloyixdc éxeyyoc (i)

> ‘EAeyyog tOmwy
Y. ol tekeatég epappbdlovial oe xaTdAANAa tehodpeva

> ‘Eheyyog potic

m.Y. 6yt continue é&w and Ppdyo (C)
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Ynuaotoloyixdc éxeyyoc (i)

> ‘EAeyyog tOmwy
T.Y. oL tekecTtég eQappdlovtou o xaTdAANAa TeAoOpe VAL

> ‘Eheyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonolodvtan mpty t xpfon  (Java)
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Ynuaotoloyixdc éxeyyoc (i)

> ‘EAeyyog tOmwy
T.Y. oL tekecTtég eQappdlovtou o xaTdAANAa TeAoOpe VAL

> ‘Eheyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonolodvtan mpty t xpfon  (Java)

» ‘EXeyyog Omapéng ovopdtwy
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Ynuaotoloyixdc éxeyyoc (i)

> ‘EAeyyog tOmwy
T.Y. oL tekecTtég eQappdlovtou o xaTdAANAa TeAoOpe VAL
> ‘Eheyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
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Ynuaotoloyixdc éxeyyoc (i)

> ‘EAeyyog tOmwy
T.Y. oL tekecTtég eQappdlovtou o xaTdAANAa TeAoOpe VAL
> ‘Eheyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonolodvtan mpty t xpfon  (Java)
» ‘EXeyyog Omapéng ovopdtwy
Y. ol petoPAntéc opilovTal TPy TN XPToT| TOVG
» ‘Exeyyog povadixétnrog
m.Y. ol ctafepég oe pio Sopr case eivou povadixég (Pascal)

» ‘EAeyyog cuvénetog
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Ynuaotoloyixdc éxeyyoc (i)

> ‘EAeyyog tOmwy
T.Y. oL tekecTtég eQappdlovtou o xaTdAANAa TeAoOpe VAL
> ‘Eheyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonolodvtan mpty t xpfon  (Java)
» ‘EXeyyog Omapéng ovopdtwy
Y. ol petoPAntéc opilovTal TPy TN XPToT| TOVG
» ‘Exeyyog povadixétnrog
m.Y. ol ctafepég oe pio Sopr case eivou povadixég (Pascal)
» ‘EAeyyog cuvénetog
T.Y. 6woTd Svopa unonpoypdppatog oto end (Ada)
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Ynuaotoloyixéc éxeyyoc (i)

> Amouciol GNUAGLONOYIXDY GQAAUATHY 7
AmoVGia GQAARATWY EXTEAEGTC
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Ynuaotoloyixéc éxeyyoc (i)

> Amouciol GNUAGLONOYIXDY GQAAUATHY 7
AmoVGia GQAARATWY EXTEAEGTC

> Mepuxég @opég Suwe elvar duvartd va mpoPrepboly
GQAApATA EXTENEGTG
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Ynuaotoloyixéc éxeyyoc (i)

> Amouciol GNUAGLONOYIXDY GQAAUATHY 7
AmoVGia GQAARATWY EXTEAEGTC

> Mepuxég @opég Suwe elvar duvartd va mpoPrepboly
GQAApATA EXTENEGTG

program p;
var x, y : integer;
begin

read(x);

y := 5/(x-x%)
end.
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Yvotnua TUnwY

» Baocuxol timol (integer, boolean, real, char, ...)
» Y OvBetol tomol

Mivaxeg (arrays)

Zebyn (products) xou mhetddeg (tuples)
Evyypagéc (records)

Acixteg (pointers)

Yuvaptioets (functions)

vV V. v Vv vV

» Tomot xaw Typég npddtng tagne (first class)
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AnAés exppdoelg, Baotxol timot (i)

> Ynpacloloylxn avdAvet ato bison
> 2 xomb¢: LVTOAOYLGHSG Tou Tedlov type

i
typedef enum { TY_int, TY_real, TY_bool } Type;
h}

Junion{
char * n;
Type t;
struct { Type type; /* other fields */ } v;

}
htype<n> T_id
htype<t> typename

htype<v> expression
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AnAéc exppdoets, Baouxol timor  (ii)

expression :
T_intconst { $$.type = TY_int; }
| T_realconst { $$.type = TY_real; }

| >(’ expression )’ { $$.type = $2.type; } ;
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AnAés exppdoelg, Baoixol timor (i

expression :
T_intconst { $$.type = TY_int; }
| T_realconst { $$.type = TY_real; }

| >(’ expression )’ { $$.type = $2.type; } ;

expression : T_id
{
Entry * id = lookup($1);

if (id !'= NULL && id->kind == K_variable)
$$.type = id->type;

else
yyerror("identifier not found");

T
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Anléc exppdoeic, Baotxol tUrol

expression : expression "mod'" expression
{
if ($1.type == TY_int && $3.type == TY_int)
$$.type = TY_int;
else
yyerror("type mismatch");

}
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AnAéc exppdoels, Baoixol timor (i

expression : expression "mod'" expression
{
if ($1.type == TY_int && $3.type == TY_int)
$$.type = TY_int;
else
yyerror("type mismatch");

}

statement : "while" expression "do" statement

{
if ($2.type !'= TY_bool)
yyerror("condition type mismatch")

}
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Metatponéc tinwy

» Apeon petatpornt (type casting)

expression : ’(’ typename ’)’ expression
{
if (isCastAllowed($2, $4.type))
$$.type = $2;
else

yyerror("illegal type cast");
Y
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Metatponéc tinwy

» Apeon petatpornt (type casting)

expression : ’(’ typename ’)’ expression
{
if (isCastAllowed($2, $4.type))
$$.type = $2;
else

yyerror("illegal type cast");
Y

» ‘Eppeon petatport] — eGavayxacpds (coercion)
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Yreopbptwon teAeoTtov

expression : expression ’+’ expression

{
if ($1.type == TY_int)
if ($3.type == TY_int) $$.type = TY_int;
else if ($3.type == TY_real) $$.type = TY_real;

else yyerror("type mismatch");

else if ($1.type == TY_real)
if ($3.type == TY_int) $$.type = TY_real;
else if ($3.type == TY_real) $$.type = TY_real;
else yyerror("type mismatch");

else
yyerror("type mismatch");

s
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IloAvuopgixol tedeotes

typedef struct type_str {
enum { TY_integer, TY_real, TY_boolean, TY_ptr } code;
struct type_str * ptr_type;

} Type;
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IloAvuopgixol tedeotes

typedef struct type_str {

enum { TY_integer, TY_real, TY_boolean, TY_ptr } code;

struct type_str * ptr_type;
} Type;

expression : expression ’7’
{
if ($1.type.code == TY_ptr)
$$.type = *($$.type.ptr_type);
else
yyerror("type mismatch");

T
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2UVOYULO xal tooduvaula TUTWY

> Yuvdvupa tinwy (type aliases)

type complex = record
re, im : real
end;
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2UVOYULO xal tooduvaula TUTWY

> Yuvdvupa tinwy (type aliases)

type complex = record
re, im : real
end;

» looduvapia tonwy (type equivalence)

> Aopuxr] tGoduvopio
» Ovopactiny Looduvapio
» (Anhwt] tooduvapio)
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YrocUvora TURWY Xl UTOTUTOL

'-F:7 <7
TFE:7
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YrocUvora TURWY Xl UTOTUTOL

'-F:7 <7

THFE:7
var indexSmall : 1..10;
indexLarge : 1..1000;

indexGeneral : integer;

indexGeneral := indexSmall; (* OK: 1..10 <: integer *)
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YrocUvora TURWY Xl UTOTUTOL

'-F:7 <7

THFE:7
var indexSmall : 1..10;
indexLarge : 1..1000;
indexGeneral : integer;
indexGeneral := indexSmall; (* OK: 1..10 <: integer *)
indexLarge := indexGeneral; (* JduvauLudc €reyyog! *)
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YrocUvora TURWY Xl UTOTUTOL

'-F:7 <7

THFE:7
var indexSmall : 1..10;
indexLarge : 1..1000;
indexGeneral : integer;
indexGeneral := indexSmall; (* OK: 1..10 <: integer *)
indexLarge := indexGeneral; (* JduvauLudc €reyyog! *)

» Yrnotimol

= nupledg ot avuxelpevosTpe@eic YAOGGEG
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IloAvuopgixol tumot

» lMapapetpinds tolupop@lopds (templates, generics)

template <class T>
bool exists (int length, T array [], T element)

{
for (int i=0; i < length; i++)
if (arrayl[i] == element)
return true;
return false;
}
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IloAvuopgixol tumot

» lMapapetpinds tolupop@lopds (templates, generics)

template <class T>
bool exists (int length, T array [], T element)

{
for (int i=0; i < length; i++)
if (arrayl[i] == element)
return true;
return false;
}

> Y uvaptnotaxés YAOGGES
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Avtiotolyion tinwy

> 2 totint

> pnty
> Eppeon
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Avtiotolyion tinwy

> 2 totint
> P
> ppeon
> Avvoapix
x := 5; (* X : integer *)
x := "hello"; (* Thpa Suwg X : string *)
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Eéaywyr tinwy

val pi = 3.14159; (x pi : real *)
fun inc x = x + 1; (¥ inc : int -> int *)
fun add x y = x + y; (* add : int -> int -> int *)
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Eéaywyr tinwy

val pi = 3.14159; (x pi : real *)
fun inc x = x + 1; (¥ inc : int -> int *)
fun add x y = x + y; (* add : int -> int -> int *)

fun addl (x : real) y = x + y;
fun add2 x y : real = x + y;
(* addl, add2 : real -> real -> real %)
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Eéaywyr tinwy

val pi = 3.14159; (x pi : real *)
fun inc x = x + 1; (¥ inc : int -> int *)
fun add x y = x + y; (* add : int -> int -> int *)

fun addl (x : real) y = x + y;
fun add2 x y : real = x + y;
(* addl, add2 : real -> real -> real %)

fun id x = x; (¥ id : ’a -> ’a *)
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Avvauixée éreyyog TUTWY

» Eupdiietan 6tay umdpyet Suvapn avtictoiyion TOmwWY

> [MoANég popéc duwe amanteitol xoL Ge GTATLXT
avTIGTOlYLIoT TOMWY, T.Y. EAEYXOG OplwyY Ge arrays:

var a : array [0..100] of integer;

éti] 1= 42
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Avvauixée éreyyog TUTWY

» Eupdiietan 6tay umdpyet Suvapn avtictoiyion TOmwWY

> [MoANég popéc duwe amanteitol xoL Ge GTATLXT
avTIGTOlYLIoT TOMWY, T.Y. EAEYXOG OplwyY Ge arrays:

var a : array [0..100] of integer;
a[i] := 42

if i >0and i <100 then

x@dSag yla TNy avdbeon tov 42 oto alil
else

GQAALX eXTENEGTG
end if

Nixog Manacnipov, Kwotig Taydvog MetayAwttiotég Mépriog 2009 123 / 123



	﻿Εισαγωγή
	﻿Τυπικές γλώσσες
	﻿Εισαγωγή
	﻿Κανονικές γλώσσες
	﻿Πεπερασμένα αυτόματα

	﻿Λεκτική ανάλυση
	﻿Εισαγωγή
	﻿Διαγράμματα μετάβασης
	﻿Κατασκευή του ΛΑ
	﻿Υλοποίηση ΛΑ με το flex

	﻿Τυπικές γλώσσες \(συνέχεια\)
	﻿Γλώσσες χωρίς συμφραζόμενα

	﻿Συντακτική ανάλυση
	﻿Βοηθητικές έννοιες
	﻿Συντακτική ανάλυση bottom-up
	﻿Υλοποίηση ΣΑ με το bison
	﻿Συντακτική ανάλυση top-down

	﻿Τυπικές γλώσσες \(συνέχεια\)
	﻿Γλώσσες με συμφραζόμενα

	﻿Πίνακας συμβόλων
	﻿Σημασιολογική ανάλυση

