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Ewaywyr (i)

> [\Hoc6eg TPOYPAPUATIGIOD
» MetayAwttioTtég

> AvayxoudTnTa 2ol LGTOoPLXT) avadpoun
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Ewaywyr (i)

> [A\dooeg TPOYPOUPUATIGIOD
» MetayAwttioTtég

> AvoryxoudTnTo 2ol LGTOPLXT| Avadpou

APYIKO TTPOYPOLLLLLOL TEMKO TPOYPALULLOL

UETAYADTTIOTIG

10y VOOTIKG pnvopato
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Ewaywyr (i)

> Apxud| YAOGoa L4
> TeAue) yAdooa Ly

» ['A\&dooa vAomoinong Ly
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Ewaywyr (i)

\4

Apyuy YAGdGoa L

\4

Tehuxt) YAGooo Ly

v

['N\&dooa vhomoinong Ly

\/

Y nuacloloyia Tov mpoypdpupatog P otr yAdcoa L

[P]L : Inp(P) — Out(P)
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Ewaywyr (i)

> Apxud| YAOGoa L4
> TeAue) yAdooa Ly

» ['A\&dooa vAomoinong Ly

v

Y nuacloloyia Tov mpoypdpupatog P otr yAdcoa L

[P]L : Inp(P) — Out(P)

v

Y nuacia evég petaylwttoty C

[[C]]Ly 5 LA—>LT
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Ewaywyr  (iii

> OpbotnTo Tou PHETAYAWTTIOTH: “TO PeTAYAWTTIGUEVO
TPOYPAPR TEETEL YA (VAL 1GOSUVAUO He TO ap) s’
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Ewoaywyr  (iii)

> OpbotnTo Tou PHETAYAWTTIOTH: “TO PeTAYAWTTIGUEVO
TPOYPAPR TEETEL YA (VAL 1GOSUVAUO He TO ap) s’

[P, = [IC]Ly (P)]Lr
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Ewaywyn  (iv)

> Eidn petaylwttiotdy:

» Amnhol

» AvticTtpogol (decompilers)

» Meto-petayAottotés (meta-compilers)
> EWdueég mepintddoelg peTayAwTTLOTOY:

» [poemelepyaotés (preprocessors)

> YupPolopeTapacTtég (assemblers)

» [evvitopeg mpoypoppdtey (program generators)
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Ewaywyn  (v)

> Yuvagn epyaiela

Algppnveic

Awayeiptotég BipAiobnxdy
2 uvdéteg

doptwtég

Ex86teg mpoypappdteny
Evtomiotéc coalpdtwy

Y tattoTinol avalvTég

YV vV vV vV VvV VvV VY

Nixog Manactdpov MetayAwttiotég

(interpreters)
(library managers)
(linkers)

(loaders)

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

» Baocixéc anautioelg:
» Na Aettovpyel cwotd
» No GUpPOPPOYETAL e TG TPOBLALYPAPES TNG APXLX1|G
2o TNG TEAXNG YADGGG
» Na petaylottilel npoypdppota xdbe peyéhoug
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Kataoxevr] uetayrotnoty (i)

» Emnpécheteg anatioeig:

>

>

>

Na rapdyet anodotxnd xSk

No €xet pixpd xpdvo peTayADTTIoNG

Na €xet puxpég anattioetg Pyfiung xatd tn
METAYADTTION

Na 8ivel xadd Stayvwotind pnyvipete

Na cuveyilet Gotepa and Adbn

No eivot petapépaoipog
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daoeic xal mpoidYTA TNS UETAYADTTIONG

Aextue avdAvon
2 UYTAXTLXT) AWVEAAVGT)

2 nuaclohoyue| avdAvon

vV v v Vv

Mapaywyn evdidpecou
DO

\/

BeAtistonoina

> MNMopaywyn teAeod
KOS
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Ocuata vAoroinone

» Opydvwon ot mepdopata
» Opydvwon oe eunpdchio xau onichio Tpipa
(front-end / back-end)

» ‘EXeyyog opbétnrag
> Eidn Slay vwoTindy unyupdtey xat avévngn

» Ecwtepind EGED)
> TdApata (errors)
» [Mpostdomomtixnd pnvipata (warnings)
> AmA& pnyopato (messages)
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Exodvnon — bootstrapping

» Brijpa 11 Metayhwttiotic yio S C A oty 7.

> Brjua 2: MetayAwtuctic yia tmy A oty S.
» Brijpa 3: Metayhwttiotic yia vy A oty A.
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Opydvewon oe éva mépaoua

r"‘—E;mpéaﬁw L

Agktikog
avaAvTig

ZUVTOKTIKOG
avaALTAG

ENUAGIOA0YIKOG AVAAVTHG

Tevvitopag eva1dpeson
KOO

BelticTromommg evdidpeson
KOS KL

Xepoig
GOOAUATOV

A J

IMivaxag

Tevvitopog el ko

KOS ot

cupporav

Beltictromomig tek ko

KOS

Orictho tuijpo

Nixog Manactipov

MetayAwttiotég

Mépriog 2008




Keodhowo 2:
Tunxéc YA®ooeC
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Tumxéc yAdooeg (i)

Baoixég évvoleg

> Al@dBnto x
> 2 OpBokro a
» YupPolrocelpd e
» Mrjxo¢ cupBorocelpdg o
> Y 0voho Gupfolocelp@dy Uixoug n 2"
> 2 0voho SAwY TwY GuuBolocelpdy

> o= U
n=0
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Tumixéc yAdooeg  (ii)

Baouée évvoleg  (ouvéyeia)

>

>

>

Kevr} cupforocelpd
Mapdbeon cupPorocelpdyy

Mapdbeon cupPorocelpds pe Tov eavtd NG

aa”

MpbBepa, enibepa, vtocupBoloacelpd
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Tumixéc yAdooeg  (iii)

Baouéc évvoleg  (ouvéyeia)

>

>

[\dooa L € 5°

‘Eveorn YAwGohy

LiuL, = {a | a€l; V aclsy}
Mapdbeon YAWGGHEY

LiLy, = {af | a€L; N Be Ly}
Mapdbeomn yAdGGog 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
» [pappoatixy G = (T, N, P, S)

» T : teppatixd cOpBola a
» N: pn teppatind cOppoia A
» P xavdveg mapaywyrg 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 cupppaldpeva
(context-sensitive), a — 3 pe |a| < ||

» Tomou 2: ypappatixég ywplc cupppalduevo
(context-free) A — f3

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

> Ewdun mepintwon: YAGGGEG OV Tapdyouy TNy xevi
cupfolroceipd
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Tumixéc yAdooeg (Vi)

Avayvwplotég
» TOmou 0: pnyavt) Turing
» Tomou 1: ypoppuxd neploptopévn pnyavy Turing
» Tonou 2: avtépata otoifag (push-down automata)
» Xpfolpa ot cuvTaxXTXT| avdivon
» 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
» Kavovuée exppdoelg (regular expressions)
» Kevi} cupBolocetpd:
Kafe cOppolro touv X
Mapdfeom 860 xAVOVIHADY eXPPAGERY:
A1aLevin 800 AAVOVIADY EXPPACEWY:
KXeioipo (1 dotpo) Kleene:

v

\/

v

v

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

Nixog Manactipov MetayAwttiotég Mépriog 2008
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Kavovixéc yAdooec  (ii)

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
> éva 1) meptocdtepa dexadind Pmeio
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Kavovixéc yAdooec  (ii)

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
> éva 1) meptocdtepa dexadind Pmeio

[0-9]*
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Kavovixéc yAdooec  (ii)

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
> éva 1) meptocdtepa dexadind Pmeio

[0-9]*
> Aplbuntixéc otabepég ywplc mpdonuo otn C
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Kavovixéc yAdooec  (ii)

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
> éva 1) meptocdtepa dexadind Pmeio
[0-9]*
> Aplbuntixéc otabepég ywplc mpdonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av eivou pndevixnd (yroei;)
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Kavovixéc yAdooec  (ii)

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
> éva 1) meptocdtepa dexadind Pmeio
[0-9]*
> Aplbuntixéc otabepég ywplc mpdonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av eivou pndevixnd (yroei;)

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

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
» éva 1] neptacdtepa Sexnadind Pneio
[0-9]*
> Aplbuntixéc otabepég ywplc mpdonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av eivou pndevixnd (yroei;)
> TMPOXLPETIXA! UTOSLAGTOAT) xoll HAAGUATING UEPOG

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

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
» éva 1] neptacdtepa Sexnadind Pneio
[0-9]*
> Aplbuntixéc otabepég ywplc mpdonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av eivou pndevixnd (yroei;)
> TMPOXLPETIXA! UTOSLAGTOAT) xoll HAAGUATING UEPOG

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

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
> éva 1) meptocdtepa dexadind Pmeio
[0-9]*
> Aplbuntixéc otabepég ywplc mpdonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av eivou pndevixnd (yroei;)

> TMPOXLPETIXA! UTOSLAGTOAT) xoll HAAGUATING UEPOG
» mpoatpeTixd: exfBétng pe M| Ywplc npdonuo

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

Mapoadeiypoto €avovixdy exppdcewy
» Axépateg otabepéc xwplc mpdonpuo ctny Pascal
> éva 1) meptocdtepa dexadind Pmeio
[0-9]*
> Aplbuntixéc otabepég ywplc mpdonuo otn C
> axépato mépog mou dev apyilel pe undéy,
extég av eivou pndevixnd (yroei;)

> TMPOXLPETIXA! UTOSLAGTOAT) xoll HAAGUATING UEPOG
» mpoatpeTixd: exfBétng pe M| Ywplc npdonuo

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

» Kataotdoelg xal petafdoetg

» Nteteppuviotxd (NMA), pun vreteppuvietind (MIMA) xou
MIMA pe xevég petapdoeig (MIMNA-¢)

LX) 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

Avaywyég won Looduvayieg

> XOAVOVLXT) YPOLUUATIXT = MIlA-¢

» MIMA-¢ = HAVOVIXT| YPAULUOTIXY
> XAVOVLXT EXPPOCT) = MIlA-¢

» MIMA-e = HAVOVLXT| EXPPACT

» MIA-€ = NMNA

» Elayiotonoinon NIA
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Kepdiowo 3:
Aextixn avdiuon
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Aextixr) avaiuvon

» Aextixég povadeg (tokens)

> Avayvwpilovtol pe Temepacpuéve AUTOUATO TOL:
> StaBalouy £v3eyOpEVKG TEPLGTETEPOUG YAPAXTHPEG
» omcBodpopoldy av ypetactel

> Sfétouy €€odo mou Yp1NGLULOTOLEITOUL GTY) CUYTAXTLXT
avdivon

> Educdg cupPoliopde: Siaypdppata petdfacng
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Awaypduuato uetdBaons (i)

> Avayvwpiotixd g Pascal
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Awaypduuato uetdBaons (i)

> Avayvwpiotixd g Pascal
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Awaypduuato uetdBaone (i)

> Tedeotée > o >—
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Avarypduuato uetdfaong

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

> Kataypogr xot Taglvopnem yopaxtipwy
mapping : (ASCII U {EQF}) — X
> Kotoypopr] xa Tagivopnon Aextindy povadwy

» Kodixonoinom Aextindy povadwy
» Axohovbio yapaxtipwy (lexeme)

> X xedlaoT Tou Slaypdppatog petdfocmng

> Ylomoinem tou Aextinol avaAuty

Nixog Manactipouv MetayAwttiotég Mépriog 2008

29 /123



Kataoxeur tov AA (i)

> Empépoug Bépata
» Tpdmog Slaywplopod AeXTIX®DY HOVASwY
» X yoh
» Aldxpion neldy / xepadaiwy ypappdtwy
» Ev3idpeon wviiun (buffer)
> Avayndr and cpaipata

Nixog Manacmipouv MetayAwttiotég Mépriog 2008
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Kataoxevr) Tov AA

S

2 yedloom
GUVOALX0U
SLay pAUMALTOG
petafaong

Nixog Manactipouv

iiiii--

(Téo)  (Tsmdo)  (Tlparen)  (Trparen) (Teq) (Tpw)  (Tnins)

a ouLIED_

LIEWDI_

MetayAwttiotég Mépriog 2008
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Kataoxeur tov AA  (iv)

> EvahAaxtixol tpémol vAonoineng:

» Xelpoyvoxtind
» Me nivaxa petaBdoswy
» Me 1o petaepyaheio flex
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Yionoinon AA ue to flex (i)

» Metacpyaheio flex: yevvitopag AA
> Eicodoc: petampdypoupe TOU MEPLYPAPEL TLG AEXTIXES
HOVASEG
» ‘Ecodoc: mpbypoappa oe C
» H cuvdptnom yylex viornotel to AA
» Emctpépet tov xwdind g Aextinrig povddag mov
avayvwpictnxe, 1 0 oto téhog tng cupPorocelpds
e16680v
» Tomobetel oty petafAnTy yytext Ty avtictoty
axolovBia yapaxtipwy (lexeme)
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Yionoinon AA ue to flex (i)

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

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

» Mépog A, mepLéyet
» 2xOAa, énwg oty C
» Kadduxa C, péoa ot %{ xou %}
> Mynpovixd ovopate kg GUYTOROYPAPIEG HAVOVIXADY
EXQPPACEWY
» AnAAoelg apyIAdY KATAGTAGEWY
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Yloroinon AA ue 7o flex  (iv)

» Mépog A, mapddetypa

YA

#define T_eof

#define 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 Loprig

xovovxt €xgpact evépyela

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

» Aafaleton to poaxpdtepo npdbepa tng cupBorooeipdg
£16630v Tou pmopel va avayvwplotel and xdnolo
xavovLxt| £x@pac

» Exteleitoan 1 aviictoiym 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 Manactipouv

O yapaxtipag a.

Onotocdfjmote yapaxtipag extdg TG ahAayr|g
Ypopupic.

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

O yapaxtipag ASCII pe oxtaduxt Ty 123.

O yapaxtipag ASCII pe Sexaedadint Tur| 3F.

H cuppolocelpd abce.

‘Evag and toug yapaxtipeg a, b 1 c.

‘Evag and toug yapaxtipes a £wg z.

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

MetayAwttiotég Mépriog 2008
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Yionoinon AA ue to flex  (vii)

» Kavovuée exppioels  (ouvéyeta)

{name}

rSs
rls

(r)

7%
r+
r?

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

H xavovixt éxgpacn pe pynpovixd évopa name.

H napdbeon twy r xou s.

H 31alevin Ty 7 xou s.

H xavovur| éxgpacn r. Ot napevBéseig ypnotpo-
Tolo¥VTAL Yo opadonoinen.

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

H r emavaloapBdveton axpiBog 7 gopéc.

H 7 emavaloapBdvetar and 3 £mg 5 Qopég.

H 7 emavaloapBdveton 4 1 neplocdtepeg Qopég.

Nixog Manactipov MetayAwttiotég Mépriog 2008
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Yionoinon AA ue to flex  (viii)

» Kavovudée exppioels  (ouvéyela)

~

r
r$
<<EQF>>
r/s

<S>r
<Sl,55,53>T

<k>7r

Nixog Manactipov

H r ahA& pévo oty apxm) plog YPupurs.
H r aAA& pévo Gto téhog piag ypoppic.
To téhog tou apyelov elGédov.

H xavovixr éxgpacn 7 aAA& pévo av axo-
AovBel 1 xavovuer] éxgppac) s.

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

H 7, aAhd pévo Stav 1 tpéyovca apyLxt
xatdotacT elvan o and tg Sy, Sz 1 Ss.
H r ce omoladrnote apytxr) xatdctac.
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Yionoinon AA ue to flex  (ix)

» Mépog B, mapdderypa

"and" { return T_and; }
"while" { return T_while; 7}

"oz { return T_assign; }

v { return T_colon; }
{L}({L}{D}I_ )= { return T_id; }
{D}+(\.{D}*(e\-?2{D}+)7?)? { return T_const; }
{W}+ { /* nothing */ }
PO CLTRIHINR+H ) ) \x+") " { /* nothing */ }

{ ERROR("illegal token"); }
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Yionoinon 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)

» MNapdderypo  (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

> [NpopAnua: AdBog apiBunom ce oydia
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Yloroinon AA ue to flex  (xiii)

v

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

v

Evepyol xavéveg 6e xdmota xatdcTac

\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

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

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

(uépoc 20)
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['Ndooec ywplc ouupealdueve (i)

> [poppatinég ywplg cupppaldpeva: A—a
> Ye xd0e mopoywyt évo pn teppatind cOpPolro
avuxadictatal, Bacel evég xavéva
> [Mohkég SragopeTinég mapaywyég dapépouy névo ot
GELPA TWY AVTIXATACTAGEWY
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['Ndooec ywplc ouupealdueve (i)

> [poppatinég ywplg cupppaldpeva: A—a
> Ye xd0e mopoywyt évo pn teppatind cOpPolro
avuxadictatal, Bacel evég xavéva
> [Mohkég SragopeTinég mapaywyég dapépouy névo ot
GELPA TWY AVTIXATACTAGEWY
» Aptotepbtepn / dedidtepn mapaywy
(leftmost / rightmost derivation)
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['Ndooec ywplc ouupealdueve (i)

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

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

S — aABc|e€
A — cSB| Ab

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

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

= acab/Blc = acabac

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

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

= acab/Blc = acabac

> Apiotepdtepn mapaywyt)

= aA|BC = aA]bBc

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

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

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

= acab/Blc = acabac

> Apiotepdtepn mapaywyt)

= aA|BC = aA]bBc

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

> Aelibtepn napaywy
= aAlBlc =r aAac

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

B — bB|a

Nixog Manactipouv MetayAwttiotég Mépriog 2008 49 / 123



I'\éooes ywpls ovugpaldueva (i)
» Mio noapaywyn 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
=7 acabc = acabac
> Acdiétepn napaywy
=r aA[Blc =5 adAlac
= alAlpac =x acS[Blpac
= ad Slbac =5 acabac
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Awpopolueves yoauuatixés (i)

> Avo ypappatinég eivan LlGodOvopes dTay Tapdyouy Ty
(3t YAdGow.
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Awpopolueves yoauuatixés (i)

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

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

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

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

> [pappatinég xal YAOGGGoEG eYYEVAOG dlpopolueveg
(inherently ambiguous)
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Awpopolueves yoauuatixés (i)

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

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

> [pappatinég xal YAOGGGoEG eYYEVAOG dlpopolueveg
(inherently ambiguous)

> Xp1ion SLPopoUUEVWY YPAUMUATIXGDY GTNY TEPLYPAPT] TNG
cUVTAgNG YAWGGHY TPOYPAUUUATIGHOY
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Awpopoluevee yoauuatixés (i)
» Mapdderypa: cexpépocto if (dangling if)
stmt — if cond stmt else stmt | if cond stmt | sl | s2

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

cond — cl|c2

» Alpopolpevo: oe molo if avtictolyel to else;

if cl if c2 sl else s2
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Awpopoluevee 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

it cond stmt else  stmt

c2 s2

if ¢l (if c2 sl else s2)
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Awpopoluevee 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

“stmt if” else T stmt
/ AN /

ah |

N\ ~— N
c1 if cond stmt else stmt i cond  stmt s2

c2 s2 c2

if ¢l (if c2 sl else s2) if ¢l ( if c2 sl ) else s2
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Todrol napdotacns 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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Todmol TapdoTAoNS YOUUUATIXNGDY

» Backus-Naur Form

» 2 0pBolro

= OTOUC XAVOVES
» Mn teppatind cOpBola ce ywviaxég napeviéaelg,

Y. (expr)
» XopPolo | yia dtdleudn

(BNF)

(1)

o~ o~ o~

(sign)
(digit)

unsigned-number)
integer-part)
dec-fraction)

exp-part)

Nixog Manactipouv

= (integer-part) (dec-fraction) (exp-part)

(digit) (integer-part) | (digit)

. (integer-part) | e

E (sign) (integer-part)

e (sign) (integer-part) | e
+— e

0[1]2(3[4[5[6[7[8]9

MetayAwttiotég
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Tedrol napdotaons yoauuatxdy (i)

» Extended Backus-Naur Form (EBNF)
» Teppatixd cOuPola ot elcaywyind
» lMopevbécelg yia opadomnoinon
> AyxOAeg Yio TPOUPETINA TUATA
> YOpBola * a4 ylo emavdAndm
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Tedrol napdotaons yoauuatxdy (i)

» Extended Backus-Naur Form (EBNF)

» Teppatixd cOuPola ot elcaywyind
» lMopevbécelg yia opadomnoinon

> AyxOAeg Yio TPOUPETINA TUATA
> YOpBola * a4 ylo emavdAndm

(unsigned-number) == (digit)™ [ “” (digit)" ]
[ (((E” | ((e” ) [ “_"_77 ‘ “_» ] <digit> + }
<digit> e “077 | ((177 ‘ “277 | “377 | ((4”

| ££577 | “677 ‘ “777 | MS)J | “977
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Todrol tapdotaone yoauuatixey  (iii)

> 2 UVTAXTIXE SloypappoTe

» Teppatixd cOpPora ce ofdr
» Mn teppatind cOpBola oe opboydvia
» Aadoyr| cupBéAwy (rapdbeon) pe BEAY
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Todrol tapdotaone yoauuatixey  (iii)

> 2 UVTUXTIXA Loy PaUpoTR
» Teppatixd cOpPora ce ofdr
» Mn teppatind cOpBola oe opboydvia
» Aadoyr| cupBéAwy (rapdbeon) pe BEAY

unsigned-number
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Kepdhowo 4:
2ILVTAXTLXY] AVAALOT
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2uvTaxTixy avdAuon

» Yuvtaxtixd dévtpo (parse tree)
» Kataoxevaletar pe 3Vo tpdmoug:
» Kafodixd — And mdve mpog ta xdtw (top-down)
dnhad| Cexntvidvtag and ) plle xa
TPOYWPWYTAG TPOG TAL PUAAQ
» Avodixd — Amd xdtw mpog T méve (bottom-up)
dnhad Cexntvddvtog and ta QUAL xoll
TPOXWPAYTAG TPOG T pila
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Top-down xat bottom-up

ammé mévw TPoS Ta KATW
- (top-dovm)

//\\

v
N
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Top-down xout

arré mévw TTPOS T KATW ammé KATw PO Ta TTAVW
(top-down) (bottom-up)
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Bonfntuxéc évvoree (i)

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

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

» Av a =" af téte a € FIRST ()
» Av =% e té1e € € FIRST(av)
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Bonfntxéc évvoree (i)

» Y 9voia FOLLOW
» ‘Eotw pn teppatind cpuforo A
» To cdvoho FOLLOW(A) C T U { EOF } mepiéyet ta
teppatind cOpPola mou puropoly va axorovboiy To A
o1 JLAPHELX IO TPAY WYTS
» Av to A pmopel va eivau to tehevtaio cOpPolro ot pua
nopaywyt, téte EOF € FOLLOW(A)
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Bonfntxéc évvoree (i)

» Y 9voia FOLLOW

‘Ectw pn teppatind cdpporo A

» To cdvoho FOLLOW(A) C T U { EOF } mepiéyet ta
teppatind cOpPola mou puropoly va axorovboiy To A
o1 JLAPHELX IO TPAY WYTS

» 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(apf) ={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) = {+e}
FIRST(T) = {*.}

Nixog Manactipov

(i)

MetayAwttiotég

E
Er
Er
T
Tr
-,—;
F
F

L T A A

Mépriog 2008
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Yroroyiouéc FOLLOW (i)

» EOF € FOLLOW(S)
> yla %80 xavéva A — aBj
> (FIRST(3) — {¢}) C FOLLOW(B)
> oy e € FIRST(p)
tére  FOLLOW(A) C FOLLOW(B)

Nixog Manactipov MetayAwttiotég Mépriog 2008

62 / 123



Yroroyiouéc FOLLOW (i)

E —
> MNopddelypa £
FOLLOW(E) = {),EOF} £
FOLLOW(T) = {+,),E0F} -
FOLLOW(F) = {* +,),EOF} T —
FOLLOW(E') = {),EOF} T —
FOLLOW(T) = {+,),E0F} T -
F —
F —

FIRST(E) = {+,€}
FIRST(T) = {*¢}
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YA bottom-up (i)

\{

H cuvtaxtuan] avdlvon ¢extvd and ta UM

\{

KdBe @opd, avalnta:
> Tov aploTepdTeEPO ASUPo TOL BévTpou
> Tov dev €xEl AN HATACHEVACTEL
> £v6) SAaL TAL TAUSLA TOU £YOUY HATACHEVAGTEL

\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)
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YA bottom-up  (iii)

» YA olioOnong-eAdttwong (shift-reduce)

» Xpnoiponolody pua (apytxd xevi)) otoifa édrovu
tonofetoly GURBOAX TNG YPAUUATIXTS

» OlicOnom (shift): petagopd evég cupBoéiov and Ty
elco80 oty xopuen g cToifag

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

» Emtuyio: m otoifa mepiéyet pévo to S xan to cOpPora
g e16680v éxouv egavtAndel

Nixog Manactipov MetayAwttiotég Mépriog 2008 66 / 123



YA bottom-up  (iv)

Pipe  otoifa  eicodog neplypapt) [p | b

0 € ra,b oAicbnon
1 r a,b ohicbnon
2 ra , b ghdttwon pe D — a
3 D , b ehdttwon pe B — D
4 r B ) ollcbnon
(6L eNdttwon pe S—r B)
5 r B, b ohicfnom
6 rB,b € ghdttwon pe D — b
7 r B, D € ehdttwonpe B— B, D
(6xL 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 Manactipov

(v)

oVUPOLOTELPE. E1G000D

EMOLUEVO
obupolro

[Tivoxeg eAéyyov
OUVTOKTIKNG OVIAVONG
LR(1)

ACTION

Yuvtoktkoc Avedvmg LR(1)

aroifo.
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Yionoinon XA ue to bison (i)

» Metaepyakeio bison: yevviitopag XA LALR(1)
» Elcodog: petampbypappa mov meplypdet T cvvTadn
O TG GMUAGLOAOYIXEG pOVTIVEG
» ‘Ecodog: mpbdypappa o C
» H cuvdptnom yyparse vhornotel to XA
» Emctpépet 0 av avayvwpiotel 1 cupPorocelpd etcddov

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

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

Ko Tt tplor puépm pwmopody va ivon 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 tedeatidy g apxeis YAGGoag
(mpotepautdTNTaL, TPOGETAUPLGTIXSTNTA)

Afilwon Tou cuvélou cNUAGLoAoYIXGDY TILAY (Tdrog
YYSTYPE 1 pe xpfion tov %union)

Afhwon Tou Tinov g onpactoloyixtg TIUTg xdbe
GupBSiov
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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 =’ <’ 7>?

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

Nixog Manactipov MetayAwttiotég

(iv)

Mépriog 2008
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Yionoinon XA ue to bison  (v)

» Mépog A, mapddetypa  (ouvéyeia)

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, mepiéyet:

> Toug xavdveg mapaywyg o poper| BNF
> oMpaGLloNoYIKEG pouTiveg OV exTEAOYVTAL XAUTH TN
cuYTAXTIXY avdAuoT

> Ot xavbveg £xouv TN popdr:

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

2
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Yionoinon XA ue to bison  (vii

» Mépog B, mapddelypa

program

block_list

block

Nixog Manactipov

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

: /* nothing */

block_list block { count++; }

"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) IOV EMUTUYYAVETAL PE TN
GUYEPYAGIA TGV TAPAXATE:
> TOL AexTL0U avaAuty
> TOU GUVTAXTIXOU avaAuTy
> Tov Tivaxa GUUPBSAWY
> TOU GTAGLOAOYLX00 avaAuTH
> TOU YEVVHTOPX EVSLAUEGOL A DIIX
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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)

> [Noapddelypo pe GNUAGLONOYIXEG TIHEG

E —- T
E E+ T
F
e
(E)

num

l

Ll

o o

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

» Mapddetypo  (ouvéyeta)
3
typedef int YYSTYPE;
h}
%token T_num

ho

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

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

ho

> [Napaeinovroan 6to Mépog I
> 1 cuvdptnon yylex (mbBavdg oe Eeywptotd apyeio, av
xpnotpornoindei to flex)
> Ol GUYXPTIHCELG yyerror ol main
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Ylonoinon XA ue to bison  (xiv)

> [Napddetypo — Yhomoinon AA yelpwvonctixd

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)

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

¥

» Autopartomoineom tng petayA@dtriong tov XA

mytestl: mytestl.y Makefile

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

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

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

z
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Yionoinon XA ue to bison  (xvii

» Autopatonoinen tng petayAdttiong AA xou 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 cuyxpoldcewy Gto bison
» shift-reduce: mévta reduce
» reduce-reduce: o mpGTOG AAVOVAG
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YA top-down (i)

» H cuvtaxti avdiven gextvd and t pilo
> Kdbe qopd, avalntd:
> to U1 teppatind cOpPoro mov Ha avtixatactabel
= ouviifug emAéyeTol TO apLETEPSTEPO
> TOV xovdva Tapaywyns mov fa spappooctel
= Pdoel Twy eMdPEVLY k AexTIHDY HOVEASWY GTN
oupPolocelpd eteddou: LL(k)

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

> Arnapaitnteg ntpoinobéacelg:
» Arnovcia apiotepric avadpoprs (dpeong 1 éppeons)
» Amovaia xotvol mpobépatog e evaAlaxtixodg xavdveg
> Mepuxég @opég elvar Suvatdg 0 PETAGYNUATIGUOG [LdG
Ypoppatixic oe loodbvoun LL(1)
= anaholgt| apletepfic avadpopns
= apletepn) mapayovTonoine
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Metaoynuatiouée oe LL(1)

> AvtixatdctooT
A—>041\---’Oén :>A—>a1|...|ozn
B — [iAB B — Bioafa| ... | BromfB
> Aplotept| mapayovtomnoino
A — aB
B — Bi]...|DBn

A— af| ... |laB =

> Arnaloigr) dueang apiotepric avadpopnc

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

A— a| ... |a,

METOTPEMETAL GE HMSLXA TNG LopPNG:

if token € FIRST (o) then
AOSXOG YLoL TNV AVRYVAPLGT TNG O

else if token € FIRST(ay,) then
AOSLHOG YL TNY VALY VAPLGY TNG vy

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

else if token ¢ FOLLOW(A) then
GUVTAXTINS GQAALL

end if
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A LL(1) (i)

» Xpnotpornotoly pua otoifa 6mou tonobetody cOpBoAa
NG YPUUMUATIXTG — apXtxd pbvo to S
> Kdbe popd e¢etaletal 1 xopuen tng ctolPog:
> Av elvou teppatind cipBolo xau eivar to (3o pe to
emdpevo g cupPolroacelpdg elcdBovu, tétE apapodvTaL
xal T Yo
> Av elvan pn teppatind cOpPolro, téte avdhoya pe to
emépevo NG cupPorocelpds elcé8ou epapudleTat
xAmoLog xavévog
» Emtuyior n otoifa xal 1 cupPorocelpd etoddou eivon
adeleg
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YA LL(1)

O ahydpibuog
UTAGHEVTG TOV
nivoxa M opilet
TNY OLXOYEVELX TWY
YAweooy LL(1)

Nixog Manactipov

(ii

ovUPoLOTELPE. E16000D

EMOLUEVO
obupolro

Iivakag M
OUVTOKTIKNG OVOAVONG

LL(1)

Yvvroktikoc Avorvtig LI(1)

aroifo.
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Kataoxevr; XA LL(1)

E FIRST(E) = FIRST(T) = FIRST(F) = {id,(}
T E'|e FIRST(E) = {+,¢}
T FIRST(T) = {*€}
bf T'l € FOLLOW(E) = FOLLOW(E) = {),EOF}
(
(

M~ ~4mm
A

T
+
F
*
(

=
) |id FOLLOW(T) = FOLLOW(T) = {+,),E0F}
FOLLOW(F) = {*,+,),EOF }

id + i ( ) EQF
E |E—TE E— TE’
[E° E'—+TFE’ E'—e¢| E'—e¢
T | T—FT’ T— FT’
T T — ¢ T —*FT’ T —e| T —ce¢
F| F—id F— (E)
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Aettovpyla XA LL(1)

0 O Ui W - O

il [ [0 [ (=2 o
ULk W= O

E

E'T
E'T F
E'" T id
E"T
E'
E'T +
E'T
E'"T F
E'" T id
S
E'T F*
E"T F
E" T id
ET

E’

3

Nixog Manactipov

id
id
Is|
Is|

+++++++

id
id
I¢
id
id
id
id
id
id
id

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

EOF

EQOF

EQOF

KO XK X X X X X X X ¥ ¥

MetayAwttiotég

E—TE
T—F T
F—id

T — €
E'—-+ TFE

T—F T
F—id

T —=*FT
F—id
T — ¢
E'— ¢

VY VOPLOT)

Mépriog 2008

93 /123



Keodhowo 2:
Tunxéc YA®ooeC

(uépoc 30)
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Katnyopuxéc yoauuatxés (i)

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

> Ot tpég Twy xatnyopnudtey utoloyifovtal Bdcetl tov
GUYTAXTIXOV SEVTPOUL:

> 2uvhetind xatnyoprata: ol TIHég TOoug eCapTMYTIL
pévo and xatnyopripata Ty tudidy x&be xéufov

» KAnpovopolueva xatnyopijpate: ot Tipég Toug
eCopTdvTAl LoV and xaTNYOopTaTa Tou “matépa’ Kol
Ty “adeApdy” wdbe wbpBov
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Katnyopuxéc yoauuotixés  (ii)

E —- E+ T {E'.wal:=FE.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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Kepdlowo 5:
ITivaxog cuULOA®Y
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[ivaxac ouuBoérwy

> Y UYXEVTPAVEL TATPOPOPLEG YLAL TOL OVOLLALTO TOV
eppaviCovtol 6To apyd TPOYPUUHUL
» Ovépata eivol:
> TO TPOYPAPLUL
» ol petafBAntég
» ta uronpoypdppata (Stadixacics, cuvapticetg)
> Ol TUPALETPOL TWY UTOTPOYPUUHIATLY
> Ol ETIXETTEG EVTOADY
» ol gtabepéc
> oL TimoL dedopévwy
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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)

\{

Audpxelo Lomig (lifetime)
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IepieySueva mivaxo ouufBorwmy

vV V. vV VvV vV VvV VvV VY

Eppéreia (éppeoa)

Opatétnta (éppeca)

Awdpxeia {omg

Tinoc

©¢an (8tevBuven pviung, xataywpnThg, -..)
AplBdg ToPaUETPWY UTOTPOYPAMUATOS

TOmog MUPAUETPWY UTLOTPOY PAUMUATOG

Tpémog MepAGUATOG TAPAUETPWY UTIOTPOY PAPMATOS

ToOmog anoteAéGpaToq GUYAPTNONG
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Opydvwon mivoxa ouufolwy

» Baouiég Aettoupyleg
» MpocBiixn ovépatog
» Avalrtnon ovépatog
» Alaypagr) ovopatog 1) opddog oVORATKY
» Kéotog mposhiiung 1 avalitnong avdroya pe tny
vlomoinon:

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

uBéreia 3

7

k-3

- \
> ) ) upéreia 2

(VA

y

/ ‘
k-2 b
k-1 a

euBéreia

mivakag aroifa oToifa
KQTAKEPUATIGLOU arrobnkeuong guBeAsiov
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Kepdiawo 6:
YNUACGLOAOYLXY) AVAALGT)
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Y0vtaén xar onuaoctoroyla

> 2 0vTocT): pop@r xat Sopr| TwY XAADG GYNUATIGHE VKDY
TPOY PAPLLATWY
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Y0vtaén xar onuaoctoroyla

> 2 0vTocT): pop@r xat Sopr| TwY XAADG GYNUATIGHE VKDY
TPOY PAPLLATWY

> Y npoacloloyio: eppnvela TwY XOADG GYTHATIGUE VKDY
TPOYPAUUUATWY

Nixog Manactipouv MetayAwttiotég Mépriog 2008 104 / 123



Y0vtaén xar onuaoctoroyla

> 2 0vTocT): pop@r xat Sopr| TwY XAADG GYNUATIGHE VKDY
TPOY PAPLLATWY
> Y npoacloloyio: eppnvela TwY XOADG GYTHATIGUE VKDY
TPOYPAUUUATWY
> 2 totixt] onpactoloyia: EVIOTIGISG GTUAGLONOYLNDY
CPUAPATWY xaT& TN SLdprELX TNG KETAYADTTIONG
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Y0vtaén xar onuaoctoroyla

> 2 0vTocT): pop@r xat Sopr| TwY XAADG GYNUATIGHE VKDY
TPOY PAPLLATWY
> Y npoacloloyio: eppnvela TwY XOADG GYTHATIGUE VKDY
TPOYPAUUUATWY
> 2 totixt] onpactoloyia: EVIOTIGISG GTUAGLONOYLNDY
CPUAPATWY xaT& TN SLdprELX TNG KETAYADTTIONG
» Avvaplxt] onpactoloyia: anddoon eppnveiag ota
TPOYPAUATA HATA TNY EXTEAEGT] TOUG
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Yronxy onuactoroyia (i)

> [lepBarrovta TomwY

Iy = {iw integer,x — real }
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Yronxy onuactoroyia (i)

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

'=-~F:7
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Yronxy onuactoroyia (i)

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

» Kavéveg tonwy

I' H Ey : integer ' = E5 : integer

I'  E1+FE5 : integer
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Ytotxy onuaoctoroyla (i)

> [Mapaywyég Tomwy

'y i nteger I'y B 1 : integer

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

> [Mapaywyég Tomwy

'y i nteger I'y B 1 : integer

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

» H avuctolyion timwy pe xovéveg TOMWY emexteivetat
ce 6o TAL TUTUATA TPOYPAUMUATOG

I' = E : boolean T' S : stmt
I' F while E do S : stmt

Nixog Manactipouv MetayAwttiotég Mépriog 2008 106 / 123



Avvauxrj onuaoctoroyla (i)

» Aettovpyut] onpacloloyio (operational semantics)
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Avvauxrj onuaoctoroyla (i)

» Aettovpyut] onpacloloyio (operational semantics)
= axohovBia utoroyloTindy Prpdtwy
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Avvauxrj onuaoctoroyla (i)

» Aettovpyut] onpacloloyio (operational semantics)
= axohovBia utoroyloTindy Prpdtwy

» Anhwtix onpactoloyia (denotational semantics)
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Avvauxrj onuaoctoroyla (i)

» Aettovpyut] onpacloloyio (operational semantics)
= axohovBia utoroyloTindy Prpdtwy
» Anhwtix onpactoloyia (denotational semantics)

= padnpatie) cuvdptnot and to nedio Twy Sedopévey
£16680V 61O Medio TWY AMOTEAEGUATHY
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Avvauxrj onuaoctoroyla (i)

» Aettovpyut] onpacloloyio (operational semantics)
= axohovBia utoroyloTindy Prpdtwy
» Anhwtix onpactoloyia (denotational semantics)

= padnpatie) cuvdptnot and to nedio Twy Sedopévey
£16680V 61O Medio TWY AMOTEAEGUATHY

> Aliwpatixt onpactoloyia (axiomatic semantics)
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Avvauxrj onuaoctoroyla (i)

» Aettovpyut] onpacloloyio (operational semantics)
= axohovBia utoroyloTindy Prpdtwy
» Anhwtix onpactoloyia (denotational semantics)

= padnpatie) cuvdptnot and to nedio Twy Sedopévey
£16680V 61O Medio TWY AMOTEAEGUATHY

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

» H evtohfj avdBeong /=1

Nixog Manactipov MetayAwttiotég Mépriog 2008 108 / 123



Avvauxr onuaoctoroyla (i)

» H evtohfj avdBeong /=1
» Acttovpyu 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] onpactoloyia

C[I=E](s) = s[Iw— 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] onpactoloyia
C[I=E](s) = s~ E[E](9)]
» Aliwpatint] onpactoloyia

{P[I— E]|} I=E {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
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Ynuaotoloyixdc éxeyyoc (i)
» ‘EAeyyog tOmwy

Y. ol tekeatég epappbdlovial oe xaTdAANAa tehodpeva

> ‘Eleyyog potic
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Ynuaotoloyixdc éxeyyoc (i)

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

> ‘Eleyyog potic

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

» ‘EAeyyog tOmwy
T.Y. oL tekectég eQappdloviau o xaTdAANAa TehoOpevaL

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

» ‘EAeyyog tOmwy
T.Y. oL tekectég eQappdloviau o xaTdAANAa TehoOpevaL

> ‘Eleyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonotodvtan mpty ) xpfon,  (Java)

» ‘EXeyyog Umapéng ovopdtwy
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Ynuaotoloyixdc éxeyyoc (i)

» ‘EAeyyog tOmwy
T.Y. oL tekectég eQappdloviau o xaTdAANAa TehoOpevaL
> ‘Eleyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
Y. ol petafAntéc apyixonolobvtar Tpty tn xpHon  (Java)
» ‘EXeyyog Umapéng ovopdtwy
Y. ol petofAntéc opilovtal TPy TN XPHoT TOVG
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Ynuaotoloyixdc éxeyyoc (i)

» ‘EAeyyog tOmwy
T.Y. oL tekectég eQappdloviau o xaTdAANAa TehoOpevaL
> ‘Eleyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonotodvtan mpty ) xpfon,  (Java)
» ‘EXeyyog Umapéng ovopdtwy
Y. ol petofAntéc opilovtal TPy TN XPHoT TOVG
> ‘EXeyyog povadixétnrog
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Ynuaotoloyixdc éxeyyoc (i)

» ‘EAeyyog tOmwy
T.Y. oL tekectég eQappdloviau o xaTdAANAa TehoOpevaL
> ‘Eleyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonotodvtan mpty ) xpfon,  (Java)
» ‘EXeyyog Umapéng ovopdtwy
Y. ol petofAntéc opilovtal TPy TN XPHoT TOVG
> ‘EXeyyog povadixétnrog
m.Y. ol ctafepég oe pio Sopr case eivou povadixég (Pascal)
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Ynuaotoloyixdc éxeyyoc (i)

» ‘EAeyyog tOmwy
T.Y. oL tekectég eQappdloviau o xaTdAANAa TehoOpevaL
> ‘Eleyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonotodvtan mpty ) xpfon,  (Java)
» ‘EXeyyog Umapéng ovopdtwy
Y. ol petofAntéc opilovtal TPy TN XPHoT TOVG
> ‘EXeyyog povadixétnrog
m.Y. ol ctafepég oe pio Sopr case eivou povadixég (Pascal)

» ‘EAeyyog cuvénelog
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Ynuaotoloyixdc éxeyyoc (i)

» ‘EAeyyog tOmwy
T.Y. oL tekectég eQappdloviau o xaTdAANAa TehoOpevaL
> ‘Eleyyog potic
m.Y. 6yt continue é&w and Ppdyo (C)
T.Y. ol petafAntég apylxonotodvtan mpty ) xpfon,  (Java)
» ‘EXeyyog Umapéng ovopdtwy
Y. ol petofAntéc opilovtal TPy TN XPHoT TOVG
> ‘EXeyyog povadixétnrog
m.Y. ol ctafepég oe pio Sopr case eivou povadixég (Pascal)
» ‘EAeyyog cuvénelog
T.Y. 60woTd SYopa unonpoypdppatog oto end (Ada)
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Ynuaotoloyixéc éxeyyoc (i)

> Amouciol GNUAGLONOYIXDY GQAAUATHY 7
amoVGia GQAAUATWY EXTEAEGTC
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Ynuaotoloyixéc éxeyyoc (i)

> Amouciol GNUAGLONOYIXDY GQAAUATHY 7
amoVGia GQAAUATWY EXTEAEGTC

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

> Amouciol GNUAGLONOYIXDY GQAAUATHY 7
amoVGia GQAAUATWY 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 v vV

» Tomot xa Typég npddtng tagne (first class)
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AnAés exppdoels, Baowxol Exeyyor (i)

> Y npacloloylxn avdAven ato bison
> 2 xomb¢: LVTOAOYLGHSG Tou mediov 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 exppdoeig, Baoixol éxeyyor  (ii)

expression :
T_intconst { $$.type = TY_int; }
| T_realconst { $$.type = TY_real; }
| ?(’ expression )’ { $$.type = $2.type; } ;
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Anéc exppdoeig, Baoixol éxeyyol  (ii

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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AnAéc exppdoelc, Baotxol EAeyyol

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 exppdoelc, Baotxol EAeyyol

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")

}

Nixog Manactipouv MetayAwttiotég Mépriog 2008

(ii

114 / 123



Metatponéc tinwy

(Type casting)

expression : ’(’ typename ’)’ expression

{
if (isCastAllowed($2, $4.type))
$$.type = $2;
else
yyerror("illegal type cast");
T
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Yreopbptwon tedeoTtov

(Overloading)

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");

T
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IloAvuopgixol tedeotes

(Polymorphic operators)

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

(Polymorphic operators)

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");

s
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2UVOYULO xal tooduvaula TUTWY

> Yuvdvupa tonwy (type aliases)

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

> Yuvdvupa tonwy (type aliases)
type complex = record
re, im : real
end;

» looduvapia tonwy (type equivalence)
> Aopuxt) Lcoduvapio
» Ovopactint lcoduvapio
> (Anhwtixt tooduvapio)
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YrocUvora TURWY Xl UTOTUTOL

(Subset types and subtyping)

var indexSmall : 1..10;
indexLarge : 1..1000;
indexGeneral : integer;

indexGeneral := indexSmall
indexLarge := indexGeneral
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YrocUvora TURWY Xl UTOTUTOL

(Subset types and subtyping)

var indexSmall : 1..10;
indexLarge : 1..1000;
indexGeneral : integer;

indexGeneral := indexSmall
indexLarge := indexGeneral

» Yrnotimol

= nupledg ot avuxelpevosTpe@eic YAOGGEG
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IIoAvuopgixol turot

(Polymorphic types)
> Moapopetpids tohvpop@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;
}

Nixog Manactipov MetayAwttiotég Mépriog 2008

120 / 123



IIoAvuopgixol turot

(Polymorphic types)
> Moapopetpids tohvpop@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;
}

> 2 uvapTNGLaxés YADGGES
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Avtiotolyion tinwy

> X TaTixt

> Auvayix
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Eéaywyr tinwy

(Type inference)
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Avvauixée éreyyog TUnWY

» Eupdiietan dtay undpyet Suvapy avtictoiyion Tomwy

> [loAAég @opéc Suwe amarteital xouw Ge GToTLXT
avTLGTOlY Lo TOTWY, T.Y. EAEYXOG OplwyY G arrays Tng

Pascal:

if 1 >0xu i <100 then

x@dSag yla Ty avdbeon tov 42 oto alil
else

GAAUA eXTENECTG
end if
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