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IIpoAoyog

The investment group eyed the entrepreneur with caution, their expressions
Slickering from scepticism to intrigue and back again.

"Your bold plan holds promise,” their spokesman conceded. "But it is co-
stly and entirely speculative. Our mathematicians mistrust your figures.
Why should we entrust our money into your hands? What do you know that
we do not?”

"For one thing,” he replied, "I know how to balance an egg on its point without
outside support. Do you?” And with that, the entrepreneur reached into his
satchel and delicately withdrew a fresh hen’s egg. He handed over the egg
to the financial tycoons, who passed it amongst themselves trying to carry
out the simple task. At last they gave up. In exasperation they declared,
"What do you ask is impossible! No man can balance an egg on its point.”

So the entrepreneur took back the egg from the annoyed businessmen and
placed it upon the fine oak table, holding it so that its point faced down.
Lightly but firmly, he pushed down on the egg with just enough force to
crush in its bottom about half an inch. When he took his hand away, the
egg stood there on its own, somewhat messy, but definitely balanced. "Was
that impossible?” he asked.

“It’s just a trick,” cried the businessmen. "Once you know how, anyone
cando it.”

"True enough,” came the retort. "But the same can be said for anything.
Before you know how, it seems an impossiblity. Once the way is revealed,
it’s so simple that you wonder why you never thought of it that way before.
Let me show you that easy way, so others may easily follow. Will you trust
me?”



Eventually convinced that this entrepreneur might possibly have someth-
ing to show them, the skeptical venture capitalists funded his project. From
the tiny Andalusian port of Palos de Morguer set forth the Nina, the Pinta

and the Santa Maria, led by an entreprenuer with a sligthly broken egg and
his own ideas: Christopher Columbus.

Many have since followed.



Euyxaplotieg

Ba ndeda va evyaplotriow ta akoilovda Atoua yia v Aueon oUvElopopd ToUg
Kata mv diapkela EKTOUNONG tNg MIUXIAKnS UOoU gpyaoiag:

Tnv otkoyéveia Hou ou ue otnpilel oda ta ypovia TV onoud®v UOU KAl 1UoU
napExet £va rfpeuo kat (Eot0 nepibaliov.

Tov Awounbn Zrivédidn (emGAsmovia kadnynin) Tov UoU EUTIOTEUONKE TO OUYKE-
Kpwevo 9ua, ou ue Bordnoe ora npata Bfripata EKTovnong g TTuxlaKyig Kat
ov uov £6woe uia anepia ovuGoulov Kat pyaieiov (Bondntukov npoypap-
uatov, todida and avia bev givar dnuoolevpEva oto EUPU KOWO :) ) Kara v
Sdwiapkea aving.

Tov Kaoota Zaibn mou oyodiaos mpooektikd 10 KeiUeVo ¢ mIuyakng aila kat
¢ mpoyueg ekbooeig tou F.ir.e.

Tov INwpyo Oucovouou (vovdg) orou Bagtioe tov puetayioriiom F.ir.e., Onwg
EMiONG KAl y1a v 1EpA0TIa UTOUOVN TOU Tapd Tov oxedov Kadnuepo tou Bou-
Bapdiouo and kavovikeég ekPpaoelg. :)

Tov Anunoio Aiannn o omoiog £8e0e ta KAAUTELA EMYEPNUATA TTOU EX® Q-
Kovoet otav v £8eoa 10 Yua tou F.ir.e. ue anotédeoua va obnyndw os mo
WPYES aToPaocelg o010 oxediaoud 10U, Kadwe Kat oI eLIOTIUN TPooTadela 10U
va pou 510p8w0et 10 Tapov KeUeVO (EEAOOUUEVO 10 KEIUEVO TV EUXAPIOTIOV ) ).

Tov Avtovio Ietponouldo o onoiog pou avébeile moAla opailuata oty UAo-
noinon Kat pov £6woe 18Eeg (MOARES @OPES HEO® NG OUQITNONG) Yia TOV TPOTO
QUTIUETOTIONG TOUG.

Tov Navvrn Owucovouou yia v "kard 1adog” ouveloPopd TOU 01a TEPLEXOUEVA
0V TPWTOU Kepaaiou.



Tov Xpnioro KK Ao6£pbo yra tig 510p8a0elg otig mpaiues ekbOCEIS TOU Keiuevoy
kat yia 1o antlr :).

Toug ouugottniéc uouv ot uetantuytaxo (‘Erog 2002 - 2003) yra tov modu
ouopo xpovo mou Siavvoaue puadl.
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IlepiAnypn

H katayayi} twv kavovikav ekppacenv Bpioketal otnv Sewpia avtopdtav kal
TUTUIK®OV YAwooov. Autd ta §U0 nebia pedetouv unodoyloukeg pebodoug kat
TPOIOUG yia va neplypadouv o1 TUIIKEG YAwooeg. To 1940 o Warren McCul-
loch kat o Walter Pits mepiéypayav 10 veupiko cuotnpa HOVIEAOTIOWVIag 10
Be v Xprion aviopdtev. O pabnpauxkog Stephen Kleene mepiéypaye ta
Hoviéda autd Xprioiponoloviag pabnpankoug cupBoAilopoug Kat ta ovopace
Kavovika ouvolda (regular sets). O Ken Thompson ta uAonoinoe otov Ket-
HEVOypago tou ged kat apydtepa oto Kelpevoypdgo ed o onoiog aroteAdovoe
pépog tou UNIX. And TtOTe 01 KAVOVIKEG EKPPACELS XPNOTROIo0UvIal euputa-
ta ot 0Aa ta UNIX katl otig E@pappoyEg 1oug oneg: expr, awk, Emacs, vim,
lex xati ownv Perl [EncO3c].

O1 KavoVikEG EKPPACEIS AVIJKOUV OTOV TUMO ypappatkng 3 g epapyxiag
Chomsky (Chomsky hierarchy). Ot 1epapyieg Chomsky anotedovv €va ou-
vodo arod tddelg umkov ypappaukev (formal grammars) . Me Baon autég
dnpoupyouviar o1 turukég yAwooeg (formal languages). H iepapxia auvtn
neptypapnke and tov Chomsky 1o 1956 [Enc03al.

H Java &ekivnoe va avarmiooetat and ug apxég ou 1991 and toug Bill Jo-
y, Andy Bechtolsheim, Wayne Rosing, Mike Sheridan, James Gosling ka1
Patrick Naughton. Ilapouoiactnke errionpa and v Sun Microsystems to
1995. Ano v epgdvior ng KEPdioe apretoug ornmaboug kat mAgov eival pa
anod TG IPEIS EMKPATECTIEPES YAWOOES OINV TMPOTIHION TV PIXAVIKGOV A0Yl-
OH1KOU KAt TV POy PARHATIOIOV.

Me v gppdavion g Java dpyloav va gppavidovial o1 mpateg UAOTIOU)OELG
BNXavev Kavovikov ekppacewv. Ot npoondabeieg rou £ytvav udoroouoav
Kupieg pnxavég nou akodouboucav to npdruno tou POSIX, extog ano v
ORO 1 onoia vldonowiBnke pe Paon 1g enektaocelg tg PERL (mapaypagog
2.1.3). Me v €xkdoon 1.4.x n SUN anogdoioe va cuprneptddBel ma pn-
XQavl] KavovikoVv eKPpAdewv otn Kupla dSiavoun tng rmiaigoppag Java. H

11



pnxavn auvtr nepldapBdvetal oug "Baocikég Hienapég npoypappanopov” (ja-
va.util.regex).

O peraydotnotig F.ir.e. (Fast Implementation of Regular Expressions)
eival katd Bdon pa pnxavy Kavovikov ekppdoemv. Zxedidotnke pe yvopova
va riAnpei g napakdtw npounobéoeg:

1. MeyaAutepn arnodoukotnta exktéAeong

2. 100% ZupBatdinta pe v avriotorxn $186A1001kn tng Sun (java.util.regex)
3. Mnxavrj Paociopévn o vieteppiviotiko avtopato (DFA)

4. YBp161k1) vdornoinon

5. 100% vdonoinon oc Java

O peraydeotuotrg F.i.r.e. urnootnpidet tnv avarudn tunudtev (modules). Zto
KePAAalo 5 avaPépetat 4Tl Popouv va npoypappanotouv 8o Katnyopieg
mnpawev: (1) ta pipata dnuiovpyiag autopdtev and KAvovikr £€K(paoct
Kai {2) ta tppata petayAouiotov o Kodika pIpxavrs.

Ta mufpata dnpiovpyiag autopdtov eival unevbuva ya v KAataoKev 10U
VIETEPHUIVIOTIKOU QUTONATOU Artd T1] KavoviKy €Kppaoct).

Ta wprfpata petaydetuotov oe KOSika prxavrjg £Xouv g otoX0 IV PETd-
TPOI] TOU aQUIOHAIOU Oto TeAKO nepiBalddov extédeong . Java Source,
JVM bytecode krA.

O peraydetuiowmg Fuir.e. dnpoupynbnke pe kuplo otdxo v cupBatouta
Kat Vv tayxuinra. [Ma va edéyfoupe v cupBatdétnta tou pe ta npdruna e-
KTeEAEOANE P1a OE1pd and KAvOVIKES EKPPACEIS 01 OToieg €iXav g OTtOX0 va
BOK1IACOUV TOV NETAYAWTIIOTI] O AKPAieg MEPUTIOOENG.

[a va ovykpivoupe v anddoorn tng F.i.r.e. emAéape g Vo mo anodo-
TIKEG PNXAVES KAVOVIKOV EKPPACEDV, PECA and £KEIVEG IMTOU avaAUoOUHE OT0
KepdAawo 4. Autég eivar n pnxavr) Automaton kai n avtiotoixn ing SUN
(java.util.regex).

12



Executive Summary

Regular expressions are a powerful tool for text parsing and manipulation.
Their theoretical background lie with Automata theory and formal langu-
ages. These two fields study methods to describe formal languages. In
1940 Warren McCulloch and Walter Pits described the human neural sy-
stem using automata. The mathematician Stephen Kleene described the
proposed models with mathematical notation named "regular sets". Later
on Ken Thompson implemented the "regular sets" in his text editor named
"qed" and later on "ed" which was part of the UNIX distribution. Since
then, regular expressions are widely used in almost all UNIX variants in
their standards applications such as expr, awk, Emacs etc.

Regular expressions belong to grammar type 3 of the Chomsky hierarchy.
This hierarchy described by Chomsky in 1956 and provided a categoriza-
tion for grammars that described formal languages.

The development of Java platform began in 1991 from Bill Jony, Andy
Bechtolsheim, Wayne Rosing, Mike Sheridan, James Gosling and Patrick
Naughton. It was formally introduced to the development community in
1995. Java is now one of the three most popular programming languages
(The other two are C and C++).

Since JDK 1.x a lot of implementations of regular expressions variants be-
gan to show up. All implementations followed the POSIX standard, except
Jakarta ORO which followed the Perl extensions (PCRE). In 2002 SUn mi-
crosystems began to distribute a regular expressions engine as part of the
standard development kit (J2SDK, J2EE).

Our compiler named F.i.r.e. (Fast Implementation of regular expressions)
is a regular expression engine. It conceptual design was made in mind
with the following principles:

1. Execution Speed and Faster Search

13



2. 100% compatibility with SUN regular expression engine
3. DFA engine type

4. Hybrid implementation (DFA capabilities with NFA-like features like
grouping parentheses etc.)

5. 100% Java implementation

The F..r.e. compiler has modular design. It has two basic module

types:
1. Regular expression to DFA modules (F.i.r.e.-DFA)

2. DFA to bytecode (F.i.r.e.-WRITER)

F.i.r.e.-DFA modules are being used to parse a regular expression and
create a automato. F.i.r.e.-WRITER uses the produced automato as input
and compiles it to bytecode.

As aforementioned, F.i.r.e. designed mainly with compatibility and execu-
tion speed in mind. In order to check the compatiblity we run a compati-
bility test with a standard set of regular expressions designed specifically
to test such engines.

To test execution speed we tested F.i.r.e. with two other (the fastest engines

in Java) regular expression engine. These are the SUN regular expression
engine and Automaton.

14



Kepaiaiwo 1
Ewcayoyn

"And so it begins.”
- Kosh (to Sinclair), "Chrysalis”

1.1 OproB<tnon tng epyaociag

Ot kavovikég exdpaocelg eival éva napa moAu Suvatd epyadcio yia tov Xel-
plopod dedopévov. Ta tedeutaia xpovia yvepidouv peydAn avayvopion xkat
MA0V aroteAoUV avandonacto HEPOS MOAADV YA®OO®V MPOYPAHHATIOHOU
(Perl, Java, VB.NET, C#, PHP, Python k.0.K) kat epappoyev (Emacs, vi).

O1 KavovikEg eEKPPAOCEIS avarrtuogovial apketeg dexactieg. Epgaviounkav
010 Ae1toupyko ovotnpa UNIX og Ae1toupyiko KOPPATt apKEIQV EGAPHOYAOV.
Zuviopa £tuxav peyding anodoxr|g, pe anotéAeopa va ypapouv Nnxaveg Ka-
VOVIKQV EKPPACE®V O 0XeOOV OAa 1a AEITOUPYIKA CUCTIAta IToU UTEAPX0oUV.

Avrkouv oe ma mAewada emotnpovikov neploxwv. H emotnpovik] neployr)
otnv onoia avnkouv eivai ta Atakpita Madnuatcd. Kaveig opwng dev propet
va apgoBnuioet v onpacia Kai v avdmntudn nou £ruxav A0yn eV ueia-
yAwtuotav (Compilers).

Mapdédo mou 1o undBabpo toug eival kabapd Sewpruikd, Kaveig dev pro-
pel va ayvorjoet v npaktiki toug onpacia. O Thompson 1o 1968 avégpepe
MPWIOG UV HETAYADTIIOI IOV KAVOVIKAOV EKPPACE®DV 08 KOdika pnyxavrg ya
v avayvopion keipévou [Tho68]. H avartudn toug ouvexiletar akopa kai
Wpa, KAB®G OUVEX®G MPOTEIVOVIAL TPOTTOL EMEKTAOTIS TS YPAURATIKIG TOUG
WOoTE va yivouv o euédikieg Kat anodoukeg [CCI7].

15
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1.2 Ztoyot

H napovoa epyacia anotedel tnv cuvéxela epyaciag egaprjvou oto pddnpa
Hiexrpoukd sundpio , ota nmiaiola touv MSc ota nAnpogopraxkd cuoujpata
10U THNRAtog MANPOPOpPIKNS 10 akadnpaiko érog 2002-2003 [ge03]. H ep-
yaoia eixe titdo "Metaylotroni¢ kavovikov ekppdocewv o Java”, rat eixe
@G OT0X0 va arodeiel av propovoe va vlorowndei prxavii Kavovikov £K-
ppdocenv oe Java rou da eixe kaAvtepeg embooelg anod g 1186n vnapxouoes,
Xprjolponowwviag e1®1KeEg TEXVIKEG g rAatdpoppag Java.

Tra mAaiowa g gpyaciag vdomor|fnKe pia mpoturu) UNnxXavlj KavoviKoV £K-
ppacewv (fregex - Fast REGular EXpressions). Ot ermubooeig tng pnxavrg
Kpibnkav 1kavormomnuikeg Kal HikaloAoyovoav v nepatteépw £peuva ot erti-
nedo muxakng epyaociag.

O ot6x0g g epyaciag autrg eival 1 vdonoinon plag pnxavig Kavovikev
EKPpdoemv 1ou ouctactikd da petaydottilerl tnv doopévr EékPppaoct) oe YAQO-
oa pnxavig g rmiatgpopuag g Java. Emiong otoug otdxoug g epyaociag
elval kat n oUYKP10M HE TIG UTIAPXOUoES UAOTO0elS wote va egaxBouv ou-
pnepdopata yla 1o eyxeipnpa.

1.3 IIepiypappa epyaociag

Zto Selvtepo rePpdAaro avadvetal 1 Sewpnuiky] MALUPA 1OV KAVOVIKOV EK-
ppaocewv. Xopidetal oe U0 pépn, oto npato yiveral pia npoortddeia oplopou
TV KAVOVIKQV EKPPACEDV KAl KAtatadn ToUg OTIg TUITIKES YADOOES. Zto deute-
PO HEpPog Tou KedaAaiou avartioooviatl péfodot enefepyaciag 1OV Kavovikov
EKPPATEWDV.

To repaldaio tpia avapépetal oy yAdwooa npoypappatiopou Java., ITo
ouyKekpipéva npoomnaBel va avaduoel oe BAO0OG TNV apXITEKTIOVIKI] NG IMAAT-
@Opuag movu rpoteivel n Java kat va e§nyrjoet 1ov Iporno Asttoupyiag ng.

'Onwg eival puoiko 1 epyaocia avtr dev eival np npotn nou acxoAeital pe 1g
HNXavég Kavovikav eKPpdcenv o Java. 1o Kepaldato téooepa yiveral pa
avaoKoOMnorn OV PIXavoV KavovVIK®OV EKPpdoemv rou £xouv avarttuxBel £ng
Opa ya v miatpoppa tng Java.

Z1o KepdAalo névie napatifetal 1 apXlEKTOVIKI] G HNXAvIi§ KAVOVIK®-
v exppdoewv F.ir.e. (Fast Implementation of Regular Expressions). Zto
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KepdAawo autd yivetal pia npoornddela va yivel katavont) n gliocopia pe
Bdon v onoia vAonowOnke 11 pryxavn F.i.r.e.

To kepaAaro £§1 avagpépovral 9épata mov npoékuwav Katd v vdonoinon
S PIIXavI|S Kavovikev ekppaocewv F.ir.e.

Lo xePpdlalo enta avadéperal o 9épara emdocewv TOV PIXaAveOV Kavovi-
KOV ekPpdoewv. Eniong napovoidietal n mhargpoppa Sokiprg emdooemy nov
avarttuxOnke ywa va doxkipaotei oe minpotunta n pnxavn F.ir.e.

10 KepaAalo oKtw cuvoyilovial ta 9épata mou avantuyBnkav ota mpon-
youpeva kepddawa Kat avapeépovial Kanowa cupnepacpata. Eniong avagé-
povtatl topeig mbavrg Bedtinong g pnxavrg F.i.r.e. kabwg kat 9€pata ya
peAAOVIIKI] EVaoXOAnNoT).

1.4 M:EOodog ypaogrg tng epyaociag

INa v ypaor} tou napdviog napadotéou xpnotponouw|nke HEX. ITo ou-
YKeEKppEva Xpnotporno|dnkav o1 Siavopeg yia Microsoft Windows (MiKTeX-
e-TeX 2.4.1398 (2.1) (MiKTeX 2.4)) ka1 Linux (TgX, Version 3.14159 (We-
b2C 7.4.5). H ypappatooeipd nou xprjoiponiow Onke gival i kerkis [STO3].
IMa v autopatonoinon v S1ad1kacldv PETAYADTIIONS XPIOTRONO}OnKE 10
make xat i1 Perl. H opyaveon ng BiBAoypadiag £yive pe v Porjbeia tou
bibtex. I'ia ta oxrjpata xpnowpornou)Onke 1o xfig, eve yia tnv dnpioupyia tev
auvtopdtev Kai ypdgwv 1o Graphviz. Ta Saypdppata kddong UML éyiwvav
pe v xpnon tou UMLGraph [SpiO3].



Kepadairo 2

Kavovikég Erppaoceig

"I am a scientist. Nothing shocks me.”
- Indiana Jones, Indiana Jones and the temple of doom

2.1 Opwopoti

2.1.1 Iotopikn avadpoprn

H xatayey1) tov Kavovikov eKPpaoeav fploketal otnv Sewpia avtopdrav kat
TUIMIK®OV YA®Oo®V. Autd ta §Uo nedia peAetoUv unodoyrotikég pebodoug kat
TPOOUG yla va neptypadouv o1 Tumkeg yAwooeg. To 1940 o Warren McCul-
loch xat o Walter Pits niepiéypaypav 10 veupiko ouotnpa poviedortoidviag 1o
Re v Xprion avtopdwwv. O pabnpauxkog Stephen Kleene nepiéypawe ta
BoviéAa quta Xprotponoioviag Hadnpaukous cupaBoAilopoug Kal 1a ovoulaoe
Kavovika ouvoda (regular sets). O Ken Thompson ta vlornoinoe otov Kei-
pevoypdgo tou ged kal apyotepa oto Kepevoypdgo ed o oroiog aroteAoyoe
Répog tou UNIX. And tdte 01 KAVOVIKEG EKPPACELS XPTOTponoouvatl euputa-
1a ot 6Aa ta UNIX ka1 otg epappoyEg toug onwg: expr, awk, Emacs, vim,
lex kat ownv Perl [Enc03c].

2.1.2 Op1opoGg TAOV KAVOVIKQOV ERPPACERDV

O1 KavovikEéG ERPPACEIS AVIJKOUV OTOV TUMO ypappaukng 3 g epapxiag
Chomsky (Chomsky hierarchy). Ot iepapyieg Chomsky arotedouv éva ou-
voAo and 1dgeig turmkav ypappaukev (formal grammars) . Me Bdon autég
dnuioupyouvial o1 turukég yAwooeg (formal languages). H tepapyxia auu)
nepypd¢pnke and tov Chomsky to 1956 [EncO3a].

18
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Op1oPo6G TUNMNKOV YPARRATIKGOV

Mua turukn ypappatkrn G anoteAsital ano ta akodouBa cuctatikd oroixeia
{EncO3b]:

1. 'Eva nenepaopévo ouvodo N and pn- teppankd cupboia (nonterminal
symbols).

2. 'Eva nentepaopévo ouvoAo L and teppatikd cupBola (terminal symbols)
ta ortoia 6gv avrikouv oto N.

3. 'Eva nertepacpévo ouvodo anod kavoveg napaywyrng (production rules)
B.

Mapadewypa

Ag Sewpricoupe ma ypappatkrn G pe N = {S,B}, £ = {a,b,c} ka1 pe kavioveg
napayoyns

1. S — aBSc
2. S — abc
3. Ba — aB

4. Bb — bb

ka1 Sewpovpe to oupBoAo S wg oupBoldo exkkivnong (start symbol). Mepikég
and ug cupBolooeipeg rov napayoviat eivat:

e S — abc (pe v xpron tou 2% kavéva)

e S — aBSc — aBabcc — aaBbcc — aabbcece (pe v xprion 2%, 3% kat
4°Y xavova).

e S — aBSc — aBaBScc — aBaBabccc — aaBBabccc — aaBaBbccce
— aaaBBbccc — aaaBbbccc — aaabbbcece (pe wnv xprion tou 2%, 3%
Kat 4°V kavoéva).

Eivai npogavég ott o1 mapandve ypappatikr opidel tnv yAoooa { a™bc*|n >
0} 6rou a™ SnAdver ma oupBolooelpd ano n a’s.



KEPAAAIO 2. KANONIKEY EK®PAXEIY 20

H 1epapyia Chomsky

H 1epapyxia Chomsky arnotedel pia TuItonoinon v TUIKOV YPapRatkov ot
onoieg dnpioupyouv turmkeg yAdwooeg [Chob6]. H 1epapyia anotedeitar ano
Ta napaxkdaww emineda:

e Mpappaukég unou-0 (unrestricted grammars): nepiapBavouv GAwv
TOV TUNOV TG TUIMKEG YPpappatikég. MmopouUv va yevvijoouv akpiBo-
G 0Aeg TS yAwooeg rou avayvepifoviat ano tug pnxavég Turing. Ot
napayopeveg YA®OOEG AVIJKOUV OINV KAUjyopia 10V enavainmukd a-
plOprjowpev (recursively enumerable).

e I'pappaukég tunou-1 (context-sensitive grammars): Autég ol ypappa-
TIKEG KATtaoKeudlouv yAwooeg eurtaboug nepikelpévou (context-sensitive
environments). O1 yYA©COeG IMTOU NMPOKUITIOUV QIO AUTEG TIG YPAPRPATl-
KEG HITOPOUV Va avayvaplotouv and yPapHiKd MEPIOPIOPEVES M) VIE-
TEPHIVIOTIKEG pnxaveg Turing.

e Ipanpatikég tunou-2 (context-free grammars): Kataokeualouv yAoo-
oeg eAeubepou nepiexopévou (context-free languages). Autég eivar ot
YAooeg nou avayvepidoviatr and pn vieteppviotiké pushdown au-
topdrou (non-deterministic pushdown automaton). Ot napayoneveg
YAoooeg anoteAovv v dewpntiky BAon 10U CUVIAKTIKOU TGV IIEPIOCO-
TEPWV YAWOOKOV MPOoypappatiopou.

o Ipappaukég tunou-3 (regular grammars): KataoKeUdiouv Tig Kavovi-
KEG yAwooeg (regular languages). Autég o1 yA®ooeg propouv va ava-
Yvoplotouv and éva vieteppiviotiké auvtoparto (finite state automaton).
Xprnowpornoovvial ouxvd yld va KATtaoKEUAoouV Ipoturna avadijinong
(search patterns) kai v Aexkuk Sopr 1OV yYA@oooOv mpoypapparti-

opou.

Ot napandve kavoveg ouvoyilovat otov mivaxka 2.1.
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T'pappatiky I'Aoooa Avtéparo

Torog-0 EnavaAnmukd Mrnxavr} Turing
ap1Buionnueg

Turog-1 EuntaBoug nepiexo- | Fpappikd neplopiopéveg |n
pévou vietepvioukeg unyaveés Tu-

ring

Turnog-2 EAedBepou miepie- | Mn vieteppiviotko pushdown
Xouévou autopato

Turnog-3 Kavovikég yAoooeg | Nieteppiviotiko autopato

KavovikEég ERPPACELS

IMivaxag 2.1: Hepapyia Chomsky

O1 kavovikeg ekppdoelg anotedovvial and otabepeg (constants) kat teAeoteg
(operators) nou énAdvouv ma oelpd napayopevav cupBolooeipov (Strings)
Ka1 rpdageig mave oe avtég [CCY7]. Aoopévou evog Menepacpévou addadntou
{finite alhpabet) nnopouv va opilotovv o1 mapakdtw otabepég:

1. Kevo auvodo (empty set), O SnAwvoviag 1o gUvoio O

2. Kevn) oupBoldooeipd (empty Strings), € énAdvoviag 1o cuvoldo (e}

3. Xapaktpag a, a opiiopevog oto X dndavoviag to ouvodo {"a}

Kat o1 akoAoubeg nipddeig:

1. ZuvBeon (concatenation), RS 8nAovoviag to ouvoldo {a|f ne o o € R

kaito 3 € Sh.

2. 'Evoor (set union), R U S 6nAdvoviag v évaor tev R kat S.

3. Aotépt Kleene (Kleene Star), R* énAavel 10 guvoldo 0Aov tev cupBolo-
OE1P@V MOV ITPOKUITIOUV He ouvleorn undév 1) napandave cupBoloocelpov
nou avijkouv oto R.

2.1.3 ZIUVTAKTIKO KAVOVIKOV EKPPACEDV

Me v ndpodo tou xpovou avarrtuxdnkav Si1dpopa cUVOAa OUVIAKTIIKAOV KQA-
vOVQV TOU eméKtelvav Toug Sewpnuikoug opiopoug Ta emkpatéotepa anod
auta eivat ta o1 napadoolakeég Kavovikeg exppdoelg tou UNIX (Traditional
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"Ex¢paon Taipraiet Hapadelwypa
c Onowoobrinote xapaktjpag ¢ a
"s" AApap1Bunuko s LI

Omnioloodrrote Xapaxtrjpag £Ktog tou newline a.*b
) Apx1) ypapung “abc
$ Tédog ypappng abc$
[s] Omnoloodrnote Xapaktrpag oo s [abc]
["s] Ornoloobrmote xapaktuipag eKIoG s ["abc]
o Mnbév 1 napandve ano r ax*
r+ ‘Eva 1§ napandve ano r a+t
52 Mnbév 1j éva ano r a?
r{m,n} Ano m €wg n epgavioerg ou r a{l, 5}
179 1 akoAouBwovtag 10 7o ab
T1|r2 L T2 alb
(r) r (alb)
r1/T2 71 aK0AouBOoUNEVO armod 1O T abc/123

ITivakag 2.2: TUVIaKtKoi Kavoveg KAVOVIKQOV EKPPACEDV

UNIX regular expressions), o1 NOVIépveg KAVOVIKEG EKPPACELS TOU ITPOTU-
rou POSIX (POSIX modern regular expressions) kat o1 enektaoeig g Perl
(Perl Compatible Regular Expressions (PCRE). Mwa guvoyrn 1oV ouviakti-
KOV Kavovev Bpioketal otov mivaka 2.2. Iy cuvéxela 9a availuooupe ta
nipoavagepopeva £186n CUVIAKUK®OV Kavovav.

IIapabSooiarég xavovikeég erppaceig tou UNIX (Traditional UNIX regu-
lar expressions)

To Baocikd CUVIAKUIKO TV KAVOVIKGOV EKPPACE@V MOU XPIJCIHONOETal oto
UNIX éxe1 avuxkataotaBei mAéov arno to avriotoxo tou POSIX (1o ortoio ano-
tedel enékraon tovu). Ilapoda autd PEPLKEG EPAPHOYES XPIIOTHOTIOI0UV akoua
autod 10 OUVIAKUIKO (sed, grep Ktd). Ze& autd TO CUVIAKIIKO Ol IO MoAAoi
Xapaxtrpeg taiptddouv povo HE TOV £UaATO TOUG (r.X. a taipladel povo He 10
"a" K.0.K.). YItdpxouv Katl pepikol xapaktrjpeg yia tg egapéoetg. Autoi ivat
ol rtapakdtw (BA. mivaka 2.2):

(1T 071 © N (\) * {x,y}

Z10 napadooiako oUVOAO OUVIAKTIKGOV KAvOVeV Sev UMAPYXEL TEAECTIIG Y1a EVe-
on.
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MOVIEPVEG KAVOVIKEG ERPPACELS TOU npotunou POSIX (POSIX modern
regular expressions)

O1 KaVOVIKEG EKPPACTELS TOU Itpoturiou POSIX €xouv mapopnolo ouviakniko e
TIG AVIIOTOIXEG TIOU OpiotnKav apXika pe v gpgdaviorn) tou UNIX. Zinv npad-
&n 1oxvouV GAo1 01 MaPAMAVE TEAECTEG UE TNV MPOOONKI) KAMOWV EMITALOV.
Auroi eivat {fA. nivaka 2.2):

+ 2?2 |

Eivai onpavuiko va avapepoupne 0t opidetal MALoV 1] €veoT] HE TOV TEAECT)
. EXtog Opag aro kaivoupytoug TeAecteg opidoval kal katnyopieg xapakti-
pwWV ®Wote va andoronfel 10 CUVIAKTIKO TV KAVOVIK®OV EKPPACEWV. AUTEQ
Ol Katunyopieg otnv mpdgn xpnoipevouy oto va eivat Suvatr] n ypagsn yevi-
KOU TUITOU KAVOVIK®OV EKPPACEDV MOV va £X0UV Unootacn ot dAAeg YA®OOES
I.X. Ota ayyAikd odoi o1 kepadaiol xapaxrpeg opidovial ag [A-Z] eve ota
eAAnvikd g [A-Q], autd kar oug §uo nepumtooelg oto POSIX anewkovidetat
&g [rupper:]. Zrov nivaka 2.3 anewkovidovial oAeg o1 Hrabeopeg kKAGoeig (pe
TIG AVIIOTOIXES KAVOVIKEG EKPPACEIS Yia TNV ayyAik:] yAwooa).

KAaon Kavovikn ékppaon
[:alnum:] [a—zA-Z20-9]
[:cntrl:] [\x00-\x1F\x7F]
[:lower:] [a-z]
[:space:] [ \t\n\x0B\f\r]
[:alpha:] [a—-zA-Z]
[:digit:] [0-9]
[:print:] | [@a-zA-Z0-9!"#$%&’ () *,—./:+;<=>2Q@[\]1"\_‘{I1}7]
[ :upper:] [A-Z]
[:blank:] [ \t]
[:graph:] | [@a—2A-Z0-9!"#$%&’ () *,—./:;<=>2@[\]"\_Y{1}7]
FYeunet e fr T S g i (s 5Ly TRE IR D@ e \IE ) feat]
[:xdigit:] [0-%a-fA-F]

IMTivakag 2.3: KAdoeig xapaxktjpev tou POSIX

To nmpodrurno tou POSIX yua 1ig Kavovikeg eKPpacelg Ppioketal mAfpeg oto
kePpdAao 9 tou The Single UNIX Specification, Version 3 [IGO3]. I'a Adéyoug
MAnpotntag 1 ypappauky nou opidetal oto POSIX napatiBetar oto napdp-
mpa A’
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Enextdoelg tng Perl yia tig kavovikég csxkppaoceirg (Perl Compatible
Regular Expressions - PCRE)

H Perl eivar pia nmoAu §iadedopévn yAomooa ora UNIX Asitovupylka cuoujpa-
1a, kKaBwg Kal oto mpoypappatopd duvapikev 1otocedidov oto dadiktuo
[WCOO0O0]. Ilpoteiver pia EMEKTACI] YA TO OUVIAKIIKG TV KAVOVIK®OV EK-
PpAaceev, OOote va yivel duvatr] KAl n evepyoroinorn evicAovV taipldopatog
(matching), avukatdotaong (substitution) kar aviikatdotaong pe §Evo al-
@dBnto (transliteration). O xawvouplog Tponog cuviagng rou rporteivel £i-
vai g popdrg {tpomnog xpriongl/{Exkppaon}/{ékppaon}/{Grapopornontégl. H
MPOOTIABEIa QUTI] EMEKTACT|G TOU CUVIAKIIKOU IOV KAVOVIKOV EKPPACERDV HeV
eivai eupéwg Sradebopévr, onote wg anodekto npotuno Yewpeital To aviiotol-
X0 tou POSIX.

Taipiaopa (Matching m//)

Epeuvad yia v unap€ry Soopévng éxppaorig oe Sedopéva kat ouvidooetal pe
10ug akoAouBoug (10oduvapoug) Tpdrous.

m/éxppaot/cgimosx
/ékppaon/cgismosx
?ék@Pppaon?cgismosx

O1 duagoporntouniég (modifiers) avaAvovial grov mivaka 2.4. AxkoAouBei na-
pabewypa xpriong (anoonaocpa Perl kwdika):

# search for baggins in $shire

if ($shire =" m/baggins/) { ... }

Avuxkatdotaon (Substitution s///)

O tedeotnig s/ // avuikaBiotd 1oug Xapaxtpeg rmovu taptafouv pe v dobeioca
£k@paor e v oUPBoA0OEPAd. ZUVIACOETAl HPE TOUG aKOA0oUB0 Tporno:

s/éxppaon/oupBolooelpd avukatdotaong/egimosx

‘OAot o1 Srapoporiontég (eKTOG Tou /€) £xouv akpiBrg v ida xprion pe toug
avtiotolxoug tou tedeotr m// (BA. mivaka 2.4). O Swadopornowntig /€ ermrpé-
el otnv oupBoAooelpd avikatdotaong va HETayAdTiotel mpv aviikataota-
9l (omote eivar Suvauj n ypagrn kodika Perl yia Suvapikn avukatdotaon).
AxolouBeil nmapdderypa xpriong (oe yAwooa nipoypappatiopou Perl):
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Awa¢poponountrg | Xprion

/i Ayvoel v xprion kepadaiov - pirkpov

/m Agrivel 10 ~ kat 1o $ va tapidder petd anod o \n

/s Apniver v . va talpldiel PE TOUG XAPAKTIPES VEAS YPAN-
Hrs Kat ayvoel to $*

/x Ayvoei toug xapaxtrpeg kKevou (whitespace) kat ertpe-
el 0X0A1a p€oca OV KAVOVIKI] €KPPact)

/o MetayAattidetl v Ekdpact Bovo pia @opa

/g Bpiokel 6Aa ta Suvatd anotedéopata oto oUVOAO TV
bebopévav

/cg Emupéniel 1ov €éAeyxo petd and pia anmotuynpevr) rpo-
ondfela Ta1P1acHaAtog

[Tivakag 2.4: Awagopornontég tou m//

# make the sequel of the hobbit en passant
($lotr = S$Shobbit) ="~ s/Bilbo/Frodo/g;

Avuxataotaon pe §éEvo aA¢pabénro (Transliteration tr///)

O tedeotnig tr/// av kat Sev Xpno1ponolel Kavovikeg EKPPATELS Yid TNV oU-
viagr tou Sswpeital P€pog twv enextaoswy nov npoteivel j Perl. Zuvtdoostal
axoAoubwg:

tr/Atota avadritnong/Aiota avukatactaong/cds

H xprion v Siapoporoutav tou tedeotr tr/// avadvetat otov mivaka 2.5.

Awagopomnountrg | Xpron

/c Zupnirpworn tng Altotag avadrjitnong

/d Awaypadr) tov xapakipev nou dev avukatactabnkav
/s Alaypadr) v S imdda avaxkabiotoUpevav Xapakirjpwv

[Tivakag 2.5: Awagoponowntég wou tr///

Axoloufeil napdderypa xpnong (oe yAwooa Perl):

# just a simple encryption algorithm
Smessage =~ tr/A-Za-z/N-ZA-Mn-za-m/;
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2.1.4 Ens{nynoeig kat napadeiypata xpriong

H @ullocogia Xprjong tov Kavovikeov eKPpAacemv sival ndpa nmoAv anin. Ka-
Yopidoupe 10 npoéTuno ocvuPeva pe KAnouUg Pacikoug Kavoveg Kal NETd 1o
Soxipadoupe ota dedopéva pag. Ta mpodtuna KATACKEUVALOVIAl PE TV XPI1i0T)
XAPaKtpaV Kal KANO1®V e181KaV teAeotav. Zinv cuvéxela Sa availvooupe
TOUG ITI0 onpavilkoug tedeotég pe napadeiypata, OOTE va Yivel MEPLOCOTEPO
KAtavonty n XPrjon toug.

Kafopiopog opadwv xapaxtrpwv

Or tedeotég [1,[7] emupénouv va opadonourjooupie 10UG XapaKtrpeg rou 9é-
Aoune va avalntujooupe.

e [a-z] - avalntel 0Aoug ToUg Xapaktrpeg rou Sev eival kepadaia ypap-
pata ou ayyAikou aigabntou.

e [0-9] - avalntel 6Aa toug ap1Bpoug (0123456789).
e [a-f] - avalntel 1o unoocuvodo xapaxkupwv abedef.
e ["a] - avalntei 6A0UG TOUG XAPAKTIIPES EKTOG TOU a.
o [A-Z/] - avalntel 6AouUg TOUG KEPAAAioOUg XAPAKINPES KAl ETNITAEOV TO
xapaxtrpa '/’
Ot teAeotég * ? + {m,n}

Ze nepimoon nou 9édoupe va avalnirjooupe Xapaktjpeg ol oroiol enava-
AapBdvovtal propoUpEe va XPr|OIHONOWCOVNE TOUG TeAeotég *,+,? 1y {m,n}.

e a+ - Availntei uig oupBoldooeipeg a, aa, aaa, aaaa, aaaaa K.0.K.
e a{0,1} - Avainrel ig oupBodooeipeg € kat a.

e (abra)+cadabra - Ava{nrei tig oupBolooceipeg abracadabra, abraabra-
cadabra k.0.K.

e [1-9]{1} poulakia? kath(elon)tai - Avalntei 0Aeg tig oupBoAooeipeg ’1
poulaki kathetai’ ... ’9 poulakia kathontai’.
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IIpoonabovtag va Bpoldpe pua IP Sieubuvon

'Ectw 6u npoortaboupe va avainujocoupe pia IP SievBuvorn oe éva riAriBog
debopévev. H 61evBuvon eivat g popgpnig 0-255.0-255.0-255.0-255. Me
pla npotn rnpooctyylon Sa Pnopoucape va YPAWOUHE TNV NMAPaKAT® Kavo-
VKL £€KQpaon:

[0-9]1*\.[0-91*\.[0-9]1*\.[0-9]*

Me aut v kavovikn ékppaocn oiyoupa Sa Bpiokape 6Aeg ug IP SieuBuvoeig
nou undpyouv ota dedopéva pag, addd pnneg dev Ppiokoupe POvo aAutég;
[Tpdypan, av e§etdooupie npogekuka v Soopévn ékppaon Sa Sovpe ot tar-
puadel ka1 pe dedopéva onwg 2398429.203492034.23042304.023494230.
To npoBAnpa evrornti¢etar oto [0-9]* pépog ng ékPppaong, onote Sa npoorna-
9rooupe va 10 mepropicoupe Alyo. Ha PMopovcape va v avaokKeUAOOUHE
OE 11a £KQPAOT] NG HOPPI|G:

[0-91{1,3}\.[0-91{1,3}\.[0-9]{1,3}\.[0-9]{1, 3}

Topa taprdler pe Sedopéva tng poporig 0-999.0-999.0-999.0-999. Ag doxi-
pdocoupe va to nieplopicoupe Atyo akopa. I1dAl to mpoBAnpa ival n ékppaon
[0-9]{1,3}. Ze pia mo npooceypévn popdr) g Sa propouce va ypdeet:

21062300 =97 10;2} N [L=20-2L0= 960 a A} s
[QE=2 1620 0197 { 0424\ [ 1=2]62 {iQ=91] {4072}

Me v Bedtopévn ékgppaorn taipralel pe 6sbopéva ng poporg 0-299.0-
299.0-299.0-299. Na va u) nepropicoupe dAAo Sa npéner va yiver e€aipetika
NOAUNAOKMN. g endpevo Prjpa Bedtioong Sa priopovcape va PEWOOUNE TO
péyeBog tng. EuUkoAa pnopouUpe va rapatunpricoupe 01l ta 3 npota PEpI)
eravailapBavovrat. ‘'Onote n napandave ékPpacn propei va ypagpei:

([1-2]2[0-91{0,2}\.){3}[1-2]2[0-9]{0,2}

O Jeffrey E.F. Friedl oto BiBAio tou Mastering Regular Expressions, 2™ E-
dition, avalvel 1o 1610 npdéBAnpa kar KataAnyel oV Napaxkdi® KAVOVIKI
ék¢ppaorn [Fri02, p.189]:

¢FroaL)e
("RED ]
({01]2
([01]1°

0= 9=<[0=9 ]2k 2i['0~ 4 " [O-53974: 25 pO-=5THNt
0=9]4E0*9] 2} 2.[0=47 [0=9Y " 25F0=5] )\ .
0-91[0-9]1712[0-41[0-91125[0-5])\.
0-9]1[0-91?12[0-4]1[0-9]125(0-51)

— /e
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Autr n kavoviky] ék@paor eival apKetd 1o MoAUIAoKN dAAa epeuvd Kat to
evdexopevo kanowa IP 8ieubuvor va eivar Adbog.

2.2 Tpomotl ene{epyaciag TAOV KAVOVIKOV EKPPA-
OEWV

2.2.1 Tevika yua tnv Swadikaoia enefepyaciag Kavovik@Ov
ERPPACEQDV

O1 KavoViKEG EKPPACELS XPNOIOMOI0UVIAl KATA KOPOV OTOUG AEKTIKOUG a-
VAAUTEG ITOU artoteAoVv HEPT TOV PHETAYANTIIOTOV IOV YA®OOKOV IIpoypappa-
TIORoU. YIidpXouv IOAALG OTPATIYIKEG ITOU NUITOPOUHE va akodoubrjcoupe
yla va KataoKeUudooune €éva avayveplotr] Kavovikev ekppdoceav. H mo ou-
vnOopévn 1éBodog elval 11 KATACOKEUT] £vO§ AQUIONATOU (VIETEPUIVIOTIKOU 1
B [ASUS85, p.121]. Tt kepdidoupe Spwg e NV XPIion IOV VIEIEPHUIVICTIKOV
auIoNdImV KAt Tl Je UV Xp1ion tov un vieteppwvicukav; H diagopornoinor
€YKeltal otov XpOvo eKTEAEOTG KAt OTOV X®OPO MOV anateital ywa v avana-
pdactacrn tou autopdatou. ‘Eva pn vieteppiviotikd avtopato givat mo apyo,
aAAd anattei Alyotepo X®POo yla v avanapdotaocr tou. ‘Eva vieteppiviotko
autopato anattel akpBog 1o aviiBeto. O Xpovol Kal 0 Xwpog Moy anattou-
viai ouvoyidoviat oto mivaka 2.6. To Irl eivat 1o péyebog tng Kavovikng
€KPpaong, evo 10 | x| avunpoowmnevel 1o péyedog tav dedopévav eroodou. H
ékppaon O(Irl) eivar yvwotr} ©g big-oh notation , xat xpnowponoweitat yua
va nipoodiopioet v anodouikainta evog adyopibupou [Big02].

Avtoparto Xopog Xpovog
Mn- vieteppiviouko | O(Irl) | O(irl x Ixl)
Nieteppiviouiko o2 O(lx!)

Mivaxkag 2.6: Anattroeig XOpou Kal XPOvou yla v eneepyacia piag xavo-
VIKI) €EKQPAOTS

2.2.2 Avutdpata

Zupgewva pe tov Neumann yta tov Xprjotn to avtépato eivat éva "pauvpo
rkoutil" (black box) rnou Hiabétet Hiavdoug e10660u (input) kat e§66ouv (output)
[Anten] (oxnpa 2.1).
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Input Black Box Output

Zxnpa 2.1: Autopato

Mn vieteppiviotika avtéopata (NFA)

Qg 1n vieteppiviouko avtépato (Non-deterministic finite automata) opidetat
kaBe neviada (Q,Z, 6, qp, F) omnou:

e Q sival éva nenepaonévo oUVOAO KATAOTAOEWV

e T eival éva nenepacpévo aidddabnro and oupbBoda

go €Q eival nj apX1KY KAtAaotaor

FCQ eival 1o oUvoAo 10 1€EAKOV KATACTACE®V

6 eival n ouvdpinon pe nedio opopd 10 Q XE kat niedio npoOV 29 (ou-
vaptnorn petadaong)

H ovuvdaptnon petdBaong (Transition function) €xel ta napaxkdtw xapaxkinpt-
OUKA:

e 5 eival pa ouvaptnon pe riedio oplopoy 0 @ XL kat nedio Tipov 22

e 5(q,a) = unoocuvodo tou Q

Nteteppiviotika avtopata (DFA)

Qg vieteppviotiko avtopato (Deterministic finite automata) r§ D-autopato
opiletar k46e neviada a=(S,E,T,sg.f) énou:

e S: 'Eva nenepaopévo oUvoAo Kataotdoemv
e E: 'Eva aA¢abnto e100d0u

e T C S: To cUVOAD OV TEAIKOV KATACTACE®V
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e sy € S: H apykr} xatdotaon
e f: Mia ouvdaptnon pe niedio opropov o Sz FE katl nedio upodv o S

H cuvapinon f ovopadetal cuvaptnon petaBacng 10U AUTOHRATOU Kat eEKPPAdet
1OV EORTEPIKO Pnxaviopo tou. Eivai ekeivn nou to xapaxkinpilel og vietep-
HWI0TIKO, adou ot KaBe euyog 1o Sz E avuotoiyel akpiBag éva otoiyeio tou

S.

2.2.3 Katnyoplonoinon pnyavov KAVOVIKGOV ERPPACGEDV

H xatnyoplonoinorn tov pnxaveov Kavovikov EKGpAceav yiveral ano tov tuno
Hnxavrig nou xpnoiponoiouv. Exktog anod 1ig nmapakdte Pacikég Katnyopies
Unapxouv Kai uBpiiikég pnxavég mou ouvbuddouv XapaKInplotlKA Kat 1oV
6o katnyopiov. Autég anotedovv eiaipeon otov kavova kat dev eival EUpEng
6wadedopéveg. KAaoowkd napadeiypata t€toiwv vdonoujoewmv givat avty g
Tcl xat tng GNU awk [Fri02].

Mnxavég BACLOPEVEG OE VIETEPPIVIOTIKG autopata

Ot unxavég mou Paocifovial oe VIEEPHIVIOTIKA autopdta Xapaktnpifoviat
aro v 18otra ug va kabodnyouviatr and ta dedopéva ewoodou (text-
directed)[FriO2]. Ta xUpia XapaxKtnplotikd toug eivat:

e To taipraopa yivetal pe peydArn tayuvinta

H dadixaoia taipraopartog eivat guvernng (6ev xperaetar backtracking)

Ot tedeotég +,* xapaktnpilovrat og lazy. Emotpédouv 10 peyaiutepo
Suvatd cuvolo xapaxtpwv

e Xprowpornoteital napandve Pvijan yia v avanapdctacn tou avtopa-
ToU

e Aev gival Suvarr n) xprion napevOéoewv opadoroinong

Mnxavég PACLOPEVEG OE HIj-VIETEPHIVIOTIKA autopata

O1 vAdonowjoelg nov Baogifovial oe PN-VIETEPHIVIOTIKA autopata €XouV 10 Xa-
PAKINEIOTIKO 6T KaBodnyouvral anod v idia v pnxavr] Kavovik®v eKPpa-
oewv (regex-directed). Autd onpaivel 0Tl 0g KATIOEG TIEPUTIOOELS I CUVOIKI)
hetdBaong bev kaBopiletal amno ta Sedopeva.

e Mikpotepn anodoon
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o H diadikaoia taipiaoparog dev eivarl ouveruig (xperaletar backtracking)
o Ot teAeotég +,* eival greedy.

e Eivai duvatn n xprjon napevOéoswv opadonoinong

Aragopig petafu NFA kait DFA

Ot Sagopég tov HU0 katnyopdv ocuvowidoviatl otov rivaka 2.7.

Kpttrplo NIcTEpHIVIOTIKY MI1)-VTIETEPPIVIOTIKI)
Kdéotog og pviipn v
Tayxvuta v
MeyalAutepo duvard taiplaopa v dlagpopetik6 ava nepirnwon
EuxoAia vdonoinong v
ITapévBeong opadonoinong v
Tedeotég npoBAeyng v
Zuvenég taipliaona v
Fpappég kodika ~ 4500 ~ 9700
TeAeotég greedy v

[Mivakag 2.7: Ala@opég VIETEPUIVIOTIK@V KAl UI)-VIETEPHIVIOTIKOV HNXAVOV

2.2.4 Anpoupyia pr VIETEPHIVIOTIKOU AUTORATOU ANO Ka-
VOViKI £Kppaocn

Ma v dnpoupyia evog pn-vieteppiviotikoy avtopatou o Thompson eixe
Satunwoet éva adyopiBpo (Thompson’s construction) [ASU85, p.122].

AAy6p1Opog tou Thompson yia ITnv KATACKEUIN HI) VIETEPHUIVIOTIKOU
avtopatou and Kavoviky ék¢ppaot (Thompson’s construction)

Eico8og Mia kavovikr] ék@paot r £vog aAgabntou Z.
"E¥080g 'Eva pun-vieteppivionko autépato nou dexetat Sebopéva L(r)

M:6oSog

Apx1kd Siaipoupe v Kavoviki] EKPPAcT I Ot EMUEPOUG KAVOVIKEG EKPPA-
oeig g. Mewd xpnoiponoipviag toug Kavoveg 1 Kat 2 kataokeudloupe 1o
BN VIETEPHMIVIOTIKO autdpato yla kabéva anod ta Pfacika ouvpBoAa tou r (ta
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onoia propet va eivat € 13 oupBolda tou aigabrrou). Eivat onpaviiko va ka-
taAdBoupe Ot av ouvavirooule éva cUBoA0 a MoAAEG @opég oto r , tote Ja
KATAOKEUACOUNE £va EEXmPIoTo autdparto yia Kabe epgavion.

Metd Xp1o1ponowviag v GUVIAKTIKIL Sopr) g KavoviKig ékppaong T, Cuv-
Suddoupe ta autdpata nMou €Xoupe Mapdyel, XProlponowvag tov kavova 3,
£®G OTOU va KataAr§oue o010 autdpato NG CUVOAIKIG €EKPPaAoTS.

1. Ta to oUPBoAO € KATAOKEUAOUHE TO |1 VIETEPHIVIOTIKOG auTtdpato tou
oxnpatog 2.2. Autog o kavovag avayvapider 1o {€}. H kataotaon i eivat
1 Kawvoupla apXlkr] kardotaor) Kat f n 1eAdikr} katdotaor).

2. Ta éva oupBodo a £, KataokeUualoupe 10 autépato tou oxrpatog 2.3.
Autdg o kaviévag avayvepidel o {a} . H xkatactaon i gival ) kaivoupia
apxkrj kataoctaorn kat f n) tedikn] kataotaon.

3. 'Eotw 6t N(s) kat N(t) yia 11§ Kavovikeég ekppaoeig s kat t.

(@) Ta v kavoviky ékgpaon s !t kataokeualoupEe TO0 AUTONATO IOV
napayetat and v ouvBeon autwwv N(slt). To napayopevo autod-
nato napiotatatl oto oxrpa 2.4.

(B) Avrtiotoxa yia v Kavovikr] éK@paor st, Kataokeuda{oupe 10 au-
tonato N(st) (oxnipa 2.5).

(y) INa v kavovikn ékgpaocr s* katackevaloupe to N(s*) (oxrpa
2.6).

(6) Ta tg Kavovikeg EKPPACELS NG HOPPNS (S) , XPIIOINOMOI0VHE TO
1610 autéparo N(s) cav 10 mapayopevo autéoparto.

start —H@—e@

Zxnpa 2.2: Kavovag 1 tou aAyopiBpouv Thompson

2.2.5 Anploupyia VIETEPRIVICTIKOU QUTORATOU Ao KAVOo-
ViK1 £KPpaoT)

[a v dnuiovpyia vieteppivioTikoy autdpatou and Kavoviky €kppaoct) a-
KoAouBouvral ev yével 5Bo pnéBodot. Me tnv npwotn andd KataoKeud{oupe 1o
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a

IZxnpa 2.3: Kavovag 2 tou aAyodpiOpouv Thompson

Zxnpa 2.4: Kavovag 3-a tou aAyopiBpou Thompson

Zxnpna 2.5: Kavoévag 3-b tou adyopibpouv Thompson
QG-
—_—

Zxnpa 2.6: Kavovag 3-¢ tou adyopiBpov Thompson
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I VIETEPHIVIOTIKO QUIOPATO KAl HETA 10 HETATPENOUNE OF VIEIEPPUIVIOTIKO.
H 8evtepn pébodog kataokeudadel 1o avtopato aneuvdeiag and v Kavovikr)

EkPpaor.

MeTtatpomni) |1 VIETEPPIVIOTIKOU AQUTORATOU OE VIETEPHULVIOTIKO

Av KATaoKEUACOUE €va HI] VIETEPHIVIOTIKO aUTORAto 10 ornoio avayvepiet
pia ydwooa L, téte priopoVe va KAtaoKEUACOUE €va aVIIoTOtX0 VIETEPHIVI-
OTIKO aQUTORATO IOV va |rnopei va avayvepidet v idwa yAonooa. O adyopiBpog
Betatporg eival yvaotog Kat @§ aAyoptOpog KataoKeurg urioouvodou (sub-
set construction) [ASUS85, p.118].

Eioo8og 'Eva pn vieteppuivioukd autopato N.

"Ef080¢g 'Eva vieteppiviouxko autopato D nou va §éxetat v iba yAdwooa.

Mé£60o6og
Opidoupe v évvola tovu e-closure. 'Eote ou:

e N = 10 OUVOAO T®V KATACTACEDV EVOG HI] VIETEPHULIVIOTIKOU AUTOHATOU.

e R =10 oUvOAO TV Kataotacewv Tou N ot oroieg gival evepyeg (undpyet
Katrdotaon Kat ouvorjkn petdBaong rnou odnyet oe autég) kat n cuvlnkn
petaBaong toug givat €.

Téte wg e-closure(N) opiletar to NUR.

O alAyop1810g KATAOKEUTG UMIOoUVOAOU €xet ta 811G Bripata:

1. Opiloupe wg apxkn katdotaor tou D 1o e-closure(S), 6rou 1o S eivat
11 apXkn katdotaor tou N. H emAeyeioa katdoraon dev onpewwvetat.

2. Extedettal 0 akoAoubog yweudokmbikag:

EnavaAnyn
"E¥080g otav 0Aeg o1 kataotdoelg ou D elval onpewwpéveg

EnéAede pa pn onpewwpévn kataotaon x oto D
I'ia xaOe kataotaon ¢ oo T
Kataokeualoupe 1o oUvoldo tov kataotdoewv T
oto N tou onoiou unapyet pia katdotaon ¢ ano 10 X
Bétoune y = e-closure(T)
Avy ¢ D tote
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IIpocBétoune o y oto D
[TpooBétoupe v akprn (edge) (x,0, y) oto D
TéAog I'a xaOe
OIHELWVOUHE 10 X
TéAog senavdAnyng

3. H tedikn) kataotaorn S tou D elval 6Aeg auteg mou eival teAdikég kata-
otdoetg oto N.



Kepadawo 3

H 16satn punyavn tng Java

A programming language is for thinking of programs, not for expressing
programs you’’ve already thought of. It should be a pencil, not a pen.
- Hackers and Painters, Paul Graham

Zxkonog tou Kepaldaiou eival n ewoaywyn otg Pacikég €vvoieg tng deatng

pnxavig g Java. Ot mAnpeig npodiaypagés yua v deau] pnxavy ing
Java eival anotuneopéveg oto Java Virtual Machine Specification [LY97].

3.1 Iotopikin avadpopun

H Java Eexkivnoe va avarruooestar and tug apxég tou 1991 amd toug Bill
Joy, Andy Bechtolsheim, Wayne Rosing, Mike Sheridan, James Gosling
kal Patrick Naughton. ITapouoidotnke entionpa and v Sun Microsystems
10 1995. Ano v eppdvion g KEPSHoe apkeTtoug onadoug kal NMAgov eivat
pla ano tg TPES EMKPATECTEPES YAWOOEG OINV IMPOTIHNOT WV HNXAVIKOV
AOY1011KOU KAl TV MPOoYyPAHHATIoT®V.

3.2 ApXITERTOVIKI g Java
H mAatgpdpna g Java anotedeital ano ipia Baokd pépn [IncO3]:

1. To nakéto avdrmugng Aoylopkou (SDK, Software Development Kit)
2. To nakéro nepiBardovrog extédeong (JRE, Java Runtime Environment)

3. Tnv mAawpoppua g Java.

36
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To maxkéro avantuing Aoy1oH1KOU Xprolpornoleital yla myv avdrmuidn epap-
poywv ot Java, T0 TTaKeto Mep1BAAA0OVIOg EKTEAECTIS XPIOHOIIOLEITAl Yia TV
EKTEAEOT] TWV EPappoynV (penel va Sravépetan padi pe v epappoyry) eve
1 mMatpoppa neptéxel v fdon yua v deat) pnxavi] Kat mpener va ava-
muooetal EEXOP10Td yla Kabe Astoupyko ovotpa.

3.2.1 EpyaAeia avantuing xat d1enagpEg npoypappatiopou
(Development Tools & APISs)

Ta epyaldeia avarrtugng nepltdapbdavovial H6vo oto nakEro avarruing Aoyt-
OHIKOU Kdal XPIOlHOooouvidl yia v avarcudn epappoyov oe Java. A-
notedovviat and tov petayAetuotr (java compiler), tov ekopaApatet) (java
debugger), ta eyxelpidia tekpnpinong tov SiEnapodv npoypappatiopoy (java-
doc) ka1 ta epyaleia yia avantuin epappoyav yia @opntég cuokevugg (jPDA).

3.2.2 Teyxvoloyieg Stavopng (Deployment Technologies)

O1 texvoldoyieg Hravonrig anotedouv pia guddoyn epappoyov rnou Sabétel )
mMatpoppa ng Java yia v omotr] Kat eUKoAn diavonr) epappoyov.

3.2.3 Epyalceia Sienapov xpnotov (User Interface Tool-
kits)

Ta epyaleia Sienapov Xpnotov xpnotponoovvial yia ty avarwuén ypadt-
KOV dlenagpov v epappoyev. Eniong nepdapBavovial kat dienadég npo-
ypappatiiopoy yia nxo (Sound), ya ypagwka (Java 2D) kaBag kai e1dikég
dienagég ya v avarmudn epappoyov yia dtopa pe e181kég avaykeg (Acces-
sibility).

3.2.4 Aenagig MPOypaARpaATiopou yla evoopataon (Inte-
gration APISs)

Ot dienagég mpoypappatiopol yia eVooUdieor anotedouvial anod 1€coepig
Baoikég Siertadég, 1o (1) Remote Method Innvocation (RMI), (2) to Java Da-
taBase Connectivity (JDBC), 1o (3) Java Naming Directory Interface (JNDI)
kai (4) CORBA. Xprjowpornotlouvial yla v evooudteor epappoyev g Java
Re dAAa ouotrpara.
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3.2.5 Baowkég Sienagdig npoypappatiopou (Core APIs)

O1 Baoikég dienades MPoypapPAToRov apéXouv €va cUVoAo npoypappatt-
OUKGOV IMAKEIRV yia v S1eukdAuvor) g avdrruing epappoyov. Ot texvodo-
yieg rmou kaAurtouv o1 Bacikég Hienagég npoypappatiopou eivatl MoKiAeg,
onwg, XML (eXtensible Markup Language), Java Native Interface (JNI) ktA.

3.3 H Seatnq pnxavy tng Java

Other classes

public classB ca fe ba be B
HelloWorld { 08 la 42 ...
void hello() 4 = Javac S ' java i

}
]

HelloWorld.java HelloWorld.class

Java language Java Virtual Machine

Zxnpa 3.1: MetayAotton kal ektéAeorn Java KAdoe@v

3.3.1 Ewayeyn

H 16eatr) pnxavr) extedet ta apyeia kAdoewv. Arnotedeitar anéd tov Just-In-
Time petaydotuot) (Java HotSpot Server/Client Compiler) kat tnv 18eatr)
pnxavy) (Java HotSpot VM Runtime). O just-in-time petayAotnotig xpn-
glpornoieital ya v petayAotuon Kodika ng 16eatrg unxavng, o€ QUOIKO
KOS1ka (native code) , pe okoro v avdnon twv embooewV O OPIONEVES TIE-
puttwoelg [AycO03].

Ta npoypappata ta onoia givar ypappéva oe Java petayAottidovial oe éva
petagéporpo duadiko kdika o onoiog ovopdadetat byte code . Kabe xkAdon
avuoroyiletat oe éva §exwprotd apxeio kAdong (class file) to onoio nepiéxet
debopéva kal eviodég yua tnv 8eatr] pnxavy (byte code). Ta apxeia autd
poptwvovtat duvapikd otov dieppunvéa (interpretter) kai exteAeitar [DahO1].
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Zwo oxnpa 3.1 swovoypageital 11 Hiadikacia pertayAotiiong KAl eKIEAEONS
pag kAdong Java. To apyeio Helloworld.java petayAdotti¢etal oto apxei-
o xKAdong Helloworld.class , gopt@vetal ano v 1deatr) pnxavi] omou Kai
exteAeital.

3.3.2 Tumnoi edopévav

O1 tinot 6ebopévav (data types) nou urnootnpidovrat ano v 1deatn pnxavr)
g Java avagépovral otov rivaxka 3.1.

Tunog HMepiypadn
byte 1-byte npoonjiacévog akEPA10g CUNTATP@HATOS 2
short 2-byte nipoornpacpévog aképalog CUPIAN pOpatog 2
int 4-byte nmpoonpacpévog akEpalog cCUNRIAnpopatog 2
long 8-byte npoonpaocpévog aképalog oupnAnpeuatog 2
float 4-byte IEEE 754 dexkadikog aning akpiBelag
double 8-byte IEEE 754 dekabikog SuArig akpiBelag
char ' 2-by€éipln NPOCT|LACPEVOS xapaﬁﬁ&ig Unicode
object 4-byte SievBuvor oe aviikeipevo g Java
returnadress | 4-bytes, xpnowponoteital pe TG evioAég jsr/ret/jsr_w/ret w

ITivakag 3.1: Tunol 6edopévav tng Java

Zxedov 6)dol o1 €Aeyxol yia toug turoug Sedopévav yivoviar kata tnyv &iap-
Kewa g petaydotuong. Ot mivakeg g Java avopewwnidoviat wg objects
(avukeipeva).

3.3.3 Kataywpntég

H 18eatri pnyavrj €xet éva ap1bpod kataxepniodv Mou Xpnoiponolovvial katd
Vv Aettoupyia mg. O1 kataxwpniég avtoi éxouv péyedog 32-bit.

O katayxwpntig pc (program counter) repi€xet v dHievbuvorn g enopevng
£VIOATIG npog extédeon. Kabe 11€6obog xproponoiel éva KOppdtt pvijung oto
orolo Kataxwpet:

e 'Eva ouvolo torukov petaBAntov (kataxwpnuig register)

e Mia groiBa evtodov (Kataxwpning optop)
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e Mua doprn nepiBaldoviog exktédeons (kataxopning frame)

H pvrjun avt) prnopei va deopeubei ouvodikd, edpdoov 10 1€yeBog nou anat-
tettal eival yvootog katda v idpkela g PEtayAortuong.

3.3.4 Tomkég petabBAntég

KaBe 1néBobog £xel éva otabepo aplOuo t1otukav petaBAntov. Autég Sieubuv-
ogodotouvial wg arootdoelg Aégewv (word offsets) pe v xprjon tou katayw-
pnn vars. 'OAeg o1 torukég petaBAntég £xouv pneéyebog 32-bit.

O1 petaBAntég tunou long, double kataAapBdvouv §uo torukeég petabAntég
kat dieuBuvorobotovviar péow g Hieubuvorg g PwIng.

3.3.5 ZtoiBa £vioAnv

O evioAég g 18eatrig pnxaviig xpriowpornolovy v otoiBa evicdov yua va
AdBouv ta anapaitnta dedopéva yua v extédeon toug. Ta anoteAéopatra
anodnkevovial Kat autd otnyv otoiBa evioA®@v PETd Vv EKTEAECT) NG EVIOAINS.
To néyebog tav Séoewv tng otoiBag eviodwv eival 32-bit.

3.3.6 IIepiBaAdov exktéAeong

H mAnpogopia rmou niepigxet to nepiBaiAov extédeong (Execution environme-
nt) xpnowponoteital yla duvapikn Siacuvdeon (dynamic linking), kavovikr)
ermotpogr pebodeov (normal method returns) kai yua dnpooionoinon e§ai-
péoewv (exception propagation).

Avvapikn Siaouvdeon

To nepiBadAov exktéAeong mepiEXel MAnpopopieg tou mivaxka cupBodwv tou
Sieppnvéa (interpreter symbol table) yia tnv tpéxouvoa pé0odo nmou exteAeitat
Kabog xkat v tpéxouoa KAAoT, yla va unootnpiel v Suvapikr Sracuvdeon
Be TG evioA€g tng pefobou O kmbikag rov eival anodnkevpévog oe KABe ap-
Xeio kKAdong avagpépetal oe peBodoug kar petaBAntég o1 onoieg npokeital va
npoonedacBouv gupBoAika. Me v duvapiky Sracuvbeon autég ol oupbo-
Akég péBodor petappaloviar oe npaypatikég pébodot, @optodvoviag KAACES
orote xpewaotel Kat Hivoviag cuyKekpipéveg H1euBUvoelg Tov petaBAniov o
ornoieg eival anoBnkeuvpéveg oto repBaAlov extédeong.



KE®PAAAIO 3. H IAEATH MHXANH THE JAVA 41

Kavovikn eniotpodr pedodwv

‘Otav pia pébodo teppaniotel Kavovikg, TOte 1 i emotpégpetal otnv pébodo
rou tnv KdAeoe. IMa va yivel autd kaAeitar pla eviodn g 16eatnig pnxavrg
KatdAAnAn yla tov aviictoixo tuno teov Sebopévav nou ermotpédetal. To me-
pBAaAdov ektédeong XpnoRooleital o€ auvty v NePineon yid v @optaon
TOV KATAX@PnIov, T0U HEIpN] npoypdppatog (pe) o ormoiog £xet augnbel ka-
tdAAnAa. H extédeor) 161 ouveyiletal oto riepiBaAlAov extédeang g pebodou
NPOKaA£oel v KArjon.

Anpoolonoinon eaipéccwv

Ze eifikég mepuTtRoelg pnopel va xpeltaoBel iy dnpoolonoinon kamnowag e€ai-
peons. O nepumtooelg autég eivat ouvriBwg Adbn.. H dnpooionoinon ing
e€aipeong pnopel va npoxAnOei pe éva and 1oug Mapaxkdt® TPOIoug:

1. Anotuyia katd v npoonaBeia va Ppebei kAnoo apxeio KAdaong.

2. 'Eva Ad6og katd v ektéAeon (run-time error), onwg m.x. n npoonéia-
on kanolag pn deopevpévng HievOuvorng (null pointer).

3. 'Eva aguyxpovo yeyovog, 1.X. ano v Xpnon tng Thread.stop anod éva
dAldo vrjpa (thread).

4. av 10 npdypappa XprolHonojoet v KAron throw.

Avdloya pe ov kodika tou npoypappatog (av npoBAénet Tov Xe1p1opo g
e€alpeong péom eviodov try - catch 1 oxy , yivetar xeipropdg g edaipe-
ong eAeyxopeva 1 un (avaykadadetatl tyv deatry pnxavr va dSnpioupyrioel pn
npoBAenopevn e€aipeon).

3.3.7 Auaxeipion pvnpng

H &waxeipior) pvrjpng onv Java yivetar avtopata péowe tou garbage collectio-
n. Aev divetal otov mpoypappatot) n duvatotnta va anodeopevost avukei-
peva katd to Soxkouv. Ilpéner va eruonuavoune ot o garbage collector €xet
enidpaon povo oinv meploxn PVIjEng Orou arodnkevovial 1a aAviKeipeva
(objects). H nieproxn} autrj ouxvd avagépetal wg Java Heap.

3.3.8 H Sopn tev apyxeiwv KAaong (class files)

H 6onn tov apxeiov evég apxeiou kAdaong Java anewkovidetat oto oxnpa 3.2
[Dah01]. KaBe apxeio kAdong Eexvaet pe v erukepadiba 0xCAFEBABE
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(magic number) ka1 tov ap1Opo €kboong (version number). AkoAouBei n pvr-
pn otadepov (constant pool), n Sopr mou kpatd ta S ikawdpata npoécBaong
ywa v KAdor) (access rights), n Alota pe tig Siennadég mou vdonowei (imple-
mented interfaces), n Alota pe ta nedia (Fields) kat uig pebodoug (Methods)
Kat téAog 1 Aiota pe 1a xapakugpoukda (attributes). Eneidn) xpriomponoeitat
1000 MOAU mAnpogopia yia va BpeBouv Suvapikd o1 anapaitnteg KAAGELG, Ite-
&ia ka1 pébodor n pvrun otabepav (nou pnopet va YewprnPei wg Evag peydlog
niivakag oupBoAooeipwv) anotedel nepinou to 60% evog apxeiou kKAaong. To
12% anoteAeital ano ng eviodég tng eatrig pnxavrig (byte code) xat 1o 28%
anod oAa ta vrnioAoina Sopikd otoxela.

Aopr tou apxeiou KAdong

KdaBe apyxeio kAdong mepigxel pla kAdon Java 1 jma Sienagrn (interface).
Kdbe xAdon Java anotedeital ano pua por 8-bit bytes. ‘OAa ta 16-bit kat ta
32-bit dnpioupyouvial and dvo 1) téooepa bytes avtiotoixa. Ta bytes eivai
anoBnkeupéva oe oelpd Siktvou (network order, big endian) [Ste98, p.34].
Ot tonor 6edopévov ul, u2 kat u4 onpaivouv éva, 6o 1 1€ooepa bytes ur)
npoonpacpévou akepaiou. H dopur) tou apxeiou kKAdong akoAoubei:

Class File {

u4 magic;

u2 minor_version;

u2 major_version;

u2 constant_pool_count;

cp_info constant_pool[constant_pool_count - 1];

u2 access_{flags;

u2 this_class;

u2 super_class;

u2 interfaces_count;

u2 interfaces|interfaces_count];

u2 fields_count;

field_info fields|[fields_count];

u2 methods_count;

u2 attributes_count;

attribute_info attribute[attribute_count];
}

magic

To nebio autd £xel navia v upn (xCAFEBABE.
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minor_version, major_version

Avutd ta niebia nepiEéyouv v €kboor) tou petayAortoty g Java
nou Snoupynoe 1o apxeio kKAdong.

constant_pool _count

To nebio autd nepiExel TV apBpd 1OV eyypadPoV MoU £XEL 1)
pvIjan otaBepdv g KAAoTG.

constant_pool

H nviipn otaBepov eival évag ivakag amnod dedopéva. Autd prnopet

va givar Siragopeg pn petaBardopeveg oupBodooeipeg (string constants),
ovopata KAdoswv, ovopata nediov 1] oudnnote dAAo oxetidetal ano v
dopr tng kKAdong 1} anod v Kedika twv pebodav.

access_flags

Auto 10 niedio nepiéxer pia pdaoka dexkagd Sragpoporoitov (modifiers)
IOU Xpnotpornolouvial ot SnAaoelg kKAdoewv, nebdduv kat nediwv.

H Aiota wwv Siabeoipev Siagoponourev napatibetat otov nivaxka 3.2.
H i61a popon kedikonoinong xpnotponoieital anod ug dopeg
field_info (opiopdg petaBAnuig) kar method_info (opiopdg pedodou).

this class

Auto 10 niedio eivarl deiktng oty pvijpn otabepav (constant pool). To
constant_pool[this_class] npénel va Seixvel oe dopr otabeprig KAAong
(CONSTANT _class).

super_class
To nebio auto eivai deiking otnv pvrjpn otabepov. H tpr tou
constant_pool[super_class] npémnet va eival kKAdorn yovéag. Av o
deixtng eivar pnbév 1ote yovéag Sewpeital n kKAdon java.lang.Object

interfaces_count

H tr] tou nediov autou SnAmvet tov apdpo tov Sienadev rnou vAornoiet
autn n kKAdon.
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interfaces

KdaBe tpn eivat eiktng otnv pvrpn otaBepov. Ot 9éoeig otnv pvijpn
otaBepav nipénel va deixvouv oe Hienagég rnou vAonoovvial and v KAdorn.

methods count

H uiprn tou nediou autov dndovel tav ap1Bpo tev pebodav nou €xouv oprotet
o€ autr) 1 KAdor).

methods

KdaBe tipn} eivat deiktng otnv pvijun otaBepav. O Séoerg otnv pvrjpn
otaBepav nipenel va Seixvouv oe nebodoug g KAdong.

attributes_count

H upr) tou nediou avtov dnddvet tov aptBpo tov Xapakinplotkev rnou
£Xouv oplotel og autr ) KAAoT.

attributes

KdabBe ntiprg eival beiking onv pvrjpn otaBepav. O Yéoeig otnv pvhpun
otaBepav npénel va SeiXvouv O XapaKInNploTika g KAAoT|G.

3.3.9 Ynoypagig (Signatures)

Mua untoypadr) (signature) avunpooenevet éva tuno pebodou, nediou 1 riva-
ka. H urnioypadn nediou avunpoownnevel pia napdperpo oe pia pebodo 1 tov
TUno pag petabAnuig. Anpoupyouvial pe faon v akoAoudn ypappatuks)

<field_signature> ::= <field_type>

<field_type> . <base_type>|<object_type>|<array_type>
<base_type> BICIDI|FII|JI|S]|Z

<object_type> L<fullclassname>;

<array_type> [<optional_size><field type>
<optional_size> t:= [0-91}%*

H onpeodoyia tov Baoikov tinev (base types) e§nyeitat otov mivaka 3.3.
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‘Ovopa onpatog Tupn Ieprypadn Xprnowponoteital
ACC_PUBLIC 0x0001 | Opatn and 6Aoug KAdorn, M£6obo-

G, Xapaxkinpl-
oukKo
ACC_PRIVATE 0x0002 | Opatr} povo ané tnv opt- | MéBodog, Xapa-
{opevn KAdon KUP1OTIKO
ACC_PROTECTED 0x0004 | Opatr] and ©g urnokAd- | M£6odog, xapa-
oe1g KT PlOTIKO
ACC_STATIC 0x0008 | AnAovel v petabAnt 1 | MéBobog, xapa-
v pEBodo oratiki KUNPLOTIKO
ACC_FINAL 0x0010 | Anayopever v 6n- | KAdon, néBobdog,
Hloupyia  unoxkAdoeswv | Xapakinpiouko
(subclassing), twov e-
navanpoadloplond
(overriding) kai v a-
vaBeor; Tung peEwd v
apykonoinon
ACC_SYNCHRONIZED| 0x0020 | Xprionn owmv &wabikaocia | MéBodog
rAeibapa tng xKAdong
ACC_VOLATILE 0x0040 | Aev ermurpénet 1o caching | Xapaxktnplouko
g petabAntng
ACC_TRANSIENT 0x0080 | Aev emitpénetal n Xprion | Xapakinpilotiko
ano tov drtaxelpiot avil-
Kelévav (persistent ob-
ject manager)
ACC_NATIVE 0x0100 | H pébobog eivar vdornotl- | MéBodog
nuévr ge dAAn yAowooa e-
Ktég tng Java
ACC_INTERFACE 0x0200 | H xAdon opiletar og 6ie- | KAdon
nagn (interface)
ACC_ABSTRACT 0x0400 | H xAdon/néBobog ev £i- | KAdorn, MéBobog
val MANP®S OPLONEVES

IMivakag 3.2: E16ka orjpata npooBaorng kAdoewv (Access Flags)
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Header

Constant pool

Access rights

Implemented interfaces

Fields

Methods

Class attributes

ConstantMethodRef

“printin"

“(Ljava/lang/String;}V"
| "java/io/PrintStream" |

ConstantFieldref
"aVariable"
"[Ljava/tang/Object;"
"HelloWorld"

ConstantClass
"lava/io/PrintStream"”

ConstantString

“Hello, world" |'|
|
getstatic java.lang.System.o
ldc ["Hello, world"

invokevirtual [java.io.PrintStream.printin |

HelloWorld.class

Zxnpa 3.2: Aopr evog apyelou KAdaong g Java

46
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Zup6oAilopodg TYnog Iepiypadn

B byte npoonpacihévog aképalog (signed byte)

C char Xapaxktrjpag

D double Askadikég kwvnuig unodiactoAng O1-
mAng akpiBeiag IEEE

F float Aekad1kog Kivntr|g urodiactoArig povr-
¢ akpiBeiag IEEE

I int Axépatog (integer)

J long Axeépaiog (long integer)

L<classname>; | ... To avukeipevo g dwopévng KAAong

S short npoorpacpévog akeépawog (singed sh-
ort)

VA boolean Aoywkr) tipn (aAndng 1 peubrig)

[<field sig> ITivakag

[Tivakag 3.3: Znueodoyia Bacik®dv tinaev uvnoypagov g Java

Ma vroypagrj TOnou £rmotpopriS avILTPOOMITEVEL TOV TUITO IOV £MIOTPEPETal
anod pia pébodo. Anpioupyeite ano v npoavapepdeioa ypappatky npo-
0B€toviag Tov Napakdate Kavova :

<return_signature> ::= <field_type> | V

To V oupBoAider 611 | péBobdog dev ermotpéper tinota (void).

IMapopoing n ypappatuks nou oupBoAidel v unoypadr v napaperpn-
v 1oV PeBdbav, kabwg kat toug tunoug dedopévov nmou emotpiéPpovial anod
AUTEG, MEPLYPAPETAL AItd TOUG ITApPAKAT KAVOVES.

<argument_signature> ::= <field_type>
<method_signature> 1=

(<arguments_signature>) <return_signature>
<arguments_signatre> ::= <argument_signature>
Mapadeiypata vnoypapov

e public static void main(String[] argv}) — ([java/lang/String;)V

e String classname — Ljava/lang/String;
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3.3.10 Zuvoldo evrodomv 18satng pnxavig (Byte code in-
struction set)

H 18eatr] pnxavr) g Java (JVM) dnpuioupyei pia tormike) otoiBa ouyKeRpipe-
vou peyéboug yia kaBe kAnon pebodou. To péyeBog tng otoiBag urntoAoyidetar
anod tov petaydotuot). O nipég nou anobnkevovial eival TomreEg petaBAn-
T€G Ol OITOIEG XPNOIHOIo0UVIAL O§ KATtaXwpnieég. Ot petaBAntég avtég £€xouv
Reéyioto mArjfog 65535.

To oUvodo evioAov tng deatrig pnxavig anoteAeital ard 212 evioAég (in-
structions), eveo 44 ermmudéov eviodég (opcodes) eivai npoonpelnpéveg ya
peAdovukég xpnoeig 1 BeAtiwoeilg. Ta cuvoda pnopouv va Saxwplotouy otig
MAPAKAT® OPAdES EVIOAGV:

Xe1plopodg otoiBag (Stack operations)

O1 otaBepég (constants) anoBnkevovial otnv otoiBa @optaivoviag Tig anod tnv
pvhun otabepav Xprnowponoioveag tyv lde eviodn 1j pe v e161kr) cuviopeuor
iconst_0O, bipush kta.

ApOpnukég Acttoupyieg (Arithmetic operations)

H 16eat punxavn) wng Java xpnoiponoiei S rapopetikég eviodég ya tg apib-
HNuKEg pdgelg avaloya pe tov tuno Sedopsvav 1. Ot eviodég yia toug
akepaioug Eekvouv ard i. TMa napdadetypa n eviodr) iadd nipooBéter vo axe-
paioug xat anobnkevel 1o anotédeopa otnv otoiBa. O turol Sedopévav nou
extedouv apBunukég Acttoupyieg eival o1 boolean, byte, short, int kat char.

"EAeyxog porng (Control flow)

O éAeyxog porg yiveralr péow eviodov dakdddwong (branch instructions)
onwg goto kat if_icmpeq (cUykpion 6o akepainv yia 100tnta) KA. O1 evioAEg
try-catch xat finally uAdonolouviat anoé g eviodég jsp kat ret, evo e§aipéoelg
{(exceptions) Snmoupyouvrar pe v athrow. Ot evioA€g ot ornoieg KataAnyet
Ha evioArn] StakAdadwong sival aképatot riov Seixvouv anootaon oe bytes and
Vv S€on nou Bpioketal ekeivn v CTIYHI ] EKTEAEOT) TOU MPOYPARPATOG.

Asttoupyieg optwong kar anodnkevong (Load and store operations)

O Asttoupyieg POPT®OONS Kal anobrjkeuong xprnotponoovvial oug pebodoug
ywa v daxeipion tov torkov petaBAntav. Mepikd napadeiypata aviev
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givar n iload katistore. Yridpyxouv kat evioA£g onag 11 iastore nou anoOnkevet
éva aképalo ot £va rivaxa.

IIpéoBaon nebiwv (Field access)

H npooBaon ota nedia (xapartinpioukd) 1ov KAACERV yiveTal PEo® TE00APOV
evtodov. H putfield kai getfield xpnioipornowotvial yia 1a Xapaxkinpiotukd
IOV OUYHIOTUINGOV TV KAAOE®V, EVO Y1d Ta OTdTlKA Ol eVvIOAEG getstatic kat
putstatic.

KAnon pe066wv (Method invocation)

O1 n€Bodon ot eminedo 16eatrng pnxaviis kalouvial Pe v XpP1or} 1PV eVIo-
Aéwv. H invokestatic xpnowponoieital yia wjv kKAnorn otatnikov pebodov, n
invokevirtual kaAurmel 1§ urniddoneg nepirwoets. Tédog 1 evioAr] invoke-
special kaAel peb6doug ano kKAAaoelg yoveig (super class) 1) 101otikég (private).

IIpoodloplopdg aviikepévav (Object allocation)

Ot KAdoeig dnpioupyouvral ano v eviodrn] new. Na v 8nAdwon mvakeov
Xpnowponowovvial o1 eVvioAég newarray (yia povodidotato mivaka m.x. int[] )
Kat anewarray 1] multinewarray (yia moAudidotatoug rivakeg rt.X. Stringf{](]).

Metatponu) Kat £éAey)X0g TUnwv 6edopévav (Conversion and type che-
cking)

INa toug Baoikoug tunoug (int, float, double kTA) undp)oUV EVIOAEG petatpo-
nnig onwg r.X. 1n f2i mov petarpénel pua petaBAntr) wnovu float oe integer
(int). H eykupodtnta ng petatporuig eAéyxetatl pe v checkcast kat v in-
stanceof.

3.3.11 Kwdikag pebodwv

O1 1€060d01 mou dev eival bnAopéves wg apalpetikeg (abstract,oxnpa 3.2) me-
piExouv ta akédouba Sedopéva: (1) 1o péyoto péyebog tng otoibag, (2) tov
ap1Opo wv tormkev petabAntav kat (3) éva nivaka nouv nePEXel KOHIKOMo1-
nuéveg TG eviodég tng deatrg pnxavrg (byte code instructions).
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YAOnmouoe1g PNXavoV KAVOVIKGV
EXPPACERDV

"Commander, you know everything about your stone garden. But clearly,
you have not spent nearly enough time looking at it.”
- Delenn, Babylon 5, "The Gathering”

4.1 Kavovikég seRppaoccig Kai Java

Me v eppdavion g Java dpyioav va spgavidovial ol PaTeG UAOIOUOELS
pnxavov Kavovikev ekeppdoeav. Ot nmpoonddeieg nou €ytvav udoroovoav
Kuping pnxavég nmou axkodouBoucav 1o npdtuno tou POSIX, ektog and nv
ORO 1 onoia vdonow|Bnke pe Paon ug enektacelg tg PERL (mapdaypadog
2.1.3). Me v éxkboon 1.4.x  SUN anogdaocioe va ouprneplddBer pa pn-
XAVvI] KAVOVIK®V EKPPACERDV Otn Kupla Swavopn ng miatpoppag Java. H
pnxavy avt) nepdapBaveral oug "Bacikég dienagés nmpoypappatiopou” (ja-
va.util.regex) ouig onoieg £€xoupe 116n avagpepdei owmv napdypagpo 3.2.5 (oe-
Atda 38).

4.2 Mnxavég KaAVOVIKQOV EKPPAcE®V ot Java

‘OlAot 01 peydlot opyaviopoi avdrrtugng AoyioHiKoU €Xouv avarrudel kanowa
HnxXavy) Kavovikev ekPppdoemv yia Java kat v dSwavépouv og B1BAodnkn.
Etvai onpavuko va avagépoupe ot ot mo noddég and autég dravépoviai
dwpeav kal anoteAouv Aoy1opiko avolxtou kodika (Open Source). Ot KUplot
Opyaviopoi 1mou £X0uv avartuiel PrXavég KavoviKev EKGpacemv eivat  Sun
Micosystems, n IBM, 10 Free Software Foundation (GNU) xkar to Apache
software foundation (Jakarta).
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4.2.1 Sun Regular Expression Engine

To nakéro autd Sravepetar padi pe v mMAargpdéppa g Java (aro v ékdo-
on 1.4). Eivai and g xalUtepeg PNXAvES KAVOVIKOV EKPpAcemv yla Java
0oov apopd Tov cuvbuaousd Xapakinelotkov katl arodoong. YAoroiel oAeg
g Paocikég Aettoupyieg Kat gav apviuikd 9a pynopovoape va avapépoupe ot
6exetar povo avukeipeva CharSequence wg eicobo. Emniong 9a pmopovocane
va avageépoupe OT1 unootnpidel oe peyddo Padld Unicode. AxkoAouBei ma-
padeypa kwdika xpriong g pnxavig. Adyw opoiotnrag dev Sa nmapartedei
napadetypd yla tig UnoAoueg UAOTIOU|OELG.

Mapadewypa

J‘Import the regular expression library
import  java.util.regex.*;

public class SunRegex {

public static void main(String[] args) { SCreate the Regex Object

Pattern pattern = Pattern.compile(regex);
=Prepare the data for use
CharSequence cs = data.subSequence (0,data.length());

. Create the Matcher object for the specific data
Matcher mat = pattern.matcher(cs);
e em———Perform full match

if (mat.matches())
return mat.group();
else return "No Match";

4.2.2 IBM

To naxéro ng IBM eival epnopiko Kat givat apketd rmirjpeg 6cov adopad tug
Agrtoupyieg tou. 'Exer apketd kalr unootrpin yia Unicode aAAd oneg Sa
doupe apyotepa €xel apkretd xapnir anodoor.

4.2.3 GNU

And Tig MPWTEG PNXAVEG KAVOVIKOV EKPPACE®V IMOU vdonowdnkav ya v
matpoppa g Java. To maxkero g GNU £xer nAéov eyratadeidpOei. ITapdia
auta eival apketd nirpeg 0oov adpopd TS MPocPepoPeveg Aettoupyieg Yio-
otnpi¢el Unicode aAAd oyt mAnpeg. H anoboon tou eival apketd xapnar oe
OXEOT] HE aVIIOTO1XEG HIXAVES.
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4.2.4 Jakarta Regexp & ORO

H pnxavr) ing Jakarta anoteAei pia kadr npoorntaBeia vdonoinong. Yrnootn-
pi¢er Unicode, eivar mAnpng kat €xetl wavoronuiky anodoor). To ORO eivat
Ha pnxavy nou unootnpi¢er g enektaoceig g PERL (BAéne napaypado
2.1.3). 'Exel apketa kadég ermbdooerg kat fiver aiodnrd kaAutepn Aettoupyt-
KOTNTA O€ OXEOoT HE ta AAAa naxed.

4.2.5 Automaton

H pnxavr) Automaton eivat pia netpapatik) npoornidiBeia t1ou Anders Moeller
Yla IV KATAOKEUI] Hlag YPHYOPNS UNXAavii§ Kavovikev ekppdoemv [MoeO3].
Ané mMAeupdg anédoong eival 1 mo ypriyopn and 1g dAAeg pnxaveg, v arno
MAEUPAG AsttoUpyIKOINTag Sa Prnopouce va Xapakinplotel £AAUNI)G, eKAAU-
rmoviag povo tig Baokég neputtaoetg. H vnootrpidn yia Unicode xupaivetat
Kat autr) ot Baoiko eninedo. IIpokettat yia pua fi8A100rkn rou dev npoxketai

va xpnopononfei wg pEPog piag EPINOPIKIG EGApPoyns

4.3 ZIUYKP101] PNXAVOV KAVOVIRKOV ERPPACEDV

4.3.1 Kputpla oUyKplong

['a va pnopgooupe va katatd§oupe g napandve BiBAlobrikeg Sa mpénet
va Séooupe kanowa kpurjpra. Autd anoppéouvv péoca anod didpopa texvika
9épata ta oroia agopouv TG PNXAVEG KAVOVIKOV EKPPACEDV. Autd eivai
[FriO2]:

e Tunog pnxavrg
Xpnowporoteitat vieteppiviouiko (DFA) 1 pn-vieteppiviotiké autopato
(NFA)?

e IIpétuno
ITowo mpoturno akodouBei (POSIX, PCRE) ; I16co kaAd eivatl udoroun-
pévo;

e Unicode
Yrnoownpider Unicode ;

e Ixebiaopdg xal eveAdia
AouvlAeuel pe avukeipeva String 1) povo pe CharSequence ; Xpnowpo-
roiel 1o NIO (New I/0) ; Aoudegvel Kadd o moAuvnpatuko rnepiBaiiov
(multi thread);
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e Anaitnoelg ot mMAatgpoppa Java
ITowa €xboon tou nmepiBaAdoviog extédeong (Java Runtime environme-
nt) xperddetal yia va exkteAeoBel;

e Tayvtnta ektéAeong Kai anodotikotnta
Eival ikavorointukog 0 Xpovog eKTEAEOTS;

e Afiomotia
Eivat afidormota vdornoinpévo;  Av eivat avoixtou kobika, o tpornog
ypadng akodoubei ta nmpotuna ypadrg rnou £xouvv 1ebei anod v SUN
yia v miatgoppa g Java ;

4.3.2 Aoxpn anodoong

I'a va katavorjcoupe v rowduta 1wV vdornoinpévayv BiBAtobnkav, Sa rpénet
va PeTprjoovpe TG arnodooelg toug. Mia tétola npoornddeia £xe1 paypato-
riownBel 116n anod tov epevuvrr] Damien Mascord [Mas02]. O urnoloyiotrig
oToV Ortoio eKTEAEOKE 10 neipapa eivar évag Pentium III 650 MHz, pe 288
Mb RAM xprnowponowoviag 1o j2sdk 1.4.0. H kavovikr ékppaon rou xpnot-
porou)Bnke ywa g doxipég eivar:

TR /2007 /1) (1 (10-91H)) 2 (/. %)

O apOpog enavadnyenv eixe oprotel otig 10000. Ta anotedAéopata napa-
tiBevial otov mivaka 4.1. Ta mAnprn anotedéopata ng doxkiprig anodoong
Bpiokovral oto nmapaptnpa B’

‘Ovona BBA10O1kng | Xpovog (miliseconds)
Sun JDK 1122
Automaton 511
GNU Regex 36032
IBM 3946
Jakarta Regexp 6059
ORO 2263

ITivakag 4.1: AnoteAéopata Sokiprg emdooemv

4.3.3 AmnoteAéopara

O1 duvatdinteg 1OV PNXaveov Kavovikov EKGpdcemv unod doxipr napatibeviai
otov mivaka 4.2 [Fri02, p.373]. H B18A1061rikn Automaton rapaleinetat Aoyo
|1 mMArpoug vdonoinong.
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XapaxtnploTiko Sun IBM ORO | GNU | Jakarta |
TUnog unyavrg NFA NFA NFA | NFA NFA
"." Bev taipradet Mdagopa | Adgopa | \n | \n, \r \n
Epngwicupéveg MapevOéoerg v v v v
Unicode v v v v v
Oubdétepeg napevOioeig v v v v
YrnooujpiEn oxtadikou v v SRR |

ITivakag 4.2: Auvatoujieg PNXavev KavoviIKOV EKPPACEDV

Ané tig H1a0€o1peg UAOTTIOUOEIS PINXAVOV KAVOVIK®OV EKPPAceE®V Tou eibape,
ol emikpatéotepeg eival avtr g SUN kat tng Jakarta (ORO). Autég arote-
Aouv ug mo mAnpelg vdonoujoeg (andé rmieupdag duvarotnev) addda kat ug
mo anodotkég. O Jeffrey E.F. Friedl oto $18Aio "Mastering Regular Expres-
sions 2™ edition" xkataArjyel ot0 cupnépacpa Ot 11 KaAUtepn uloroinon
eivatl ij avtiotoixn g SUN [FriO2, p.378]. H pnyavr nou Siavéper n SUN
gival 6vrog ano Tig 1o nirpng, aAAd autd dev v kabiotd ©g v povadik)
ermAoyn. O avtigtoixeg pnxaveég ng Jakarta eivatl ipooeypéveg , AN perg Kat
dev votepovv ot tinota anod v PiBAobnkn tng SUN.

Zinv napouoca gpyacia 10 KUplo kpurjpo pag 9a eivar n anodoor], onote
1a ermAégoupe g 6U0 o anodotukeg pnxaveg ya g Sokipég pag. Zupugpeva
pe tov rivaka 4.1 autég eivar: (1) np pnxavn g SUN kat nj (2) Automaton.

4.4 YAomnoujoeilg o€ AAAeg MAATHOPHES

Extog anod 1ig uAornoroeig ya v miatgpoppa g Java, ot KavoviKEG EKPpa-
0€1G £XOUV UTIAPXOUV Y1a H1a MAE1Ada YA®OG®V KAl AEITOUPYIK®OV CUCTIHATOV.
AxkoAouBouv 01 IO OTPAavVIIKEG UAOIIOL|OELG

4.4.1 Visual Basic/C# .NET

H Miscrosoft 61af€tel kar autr] pla pnxavi) Kavovikav eKPpAcE®V HE tv
rmatpoppa tou .NET. H pnxavr) autr) pnopet va xpnowponow et e1oayoviag
tov oplopod "System.Text.RegularExpressions ". H vlonoinon napouocadet
KAnoteg 18iattepotnieg 16iaitepd OO0 OUVIAKTIKO TG, Kabmg dev akoAouBei
Kavéva yveotd nipotuno. Ermiong dev £xouv 600el xapaktnpiouxka duvarotr-
TOV g |nxavrig.
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Auto nou napouacidderl eviapépov eival n emMAOYH] HETAYA®TIIONG 08 KOdika
ya v mMatgpoppa tou .NET. Evepyonioiaviag v emAoyr avir) 11 pnxavrj
KAVOVIKOV EKPPACE®V HeETayA®Ttilet tnv ékppaor oe kadika tou CLI {Com-
mon Language Infrastructure) [WHAO2]. Metd v apXiki} HeETayA®Tuion
Xtidetal pia BiBAobrkn (DLL - Dynamic Linked Library) rou niepiéyer tov
HEIQYAGTIIONEVO KOS1KA 0 ornoiog ektedeital ano ekel rmAéov wg BiBA10Onkn
wou mpoypappatog. H petaydotuopévn ékopaocn €xer au§npévn anodoon
nou @tavel ota erineda kodika pnxavrig v enedepyaotr) (native code).

Hapadewypa

___—Tmport the regular expression library
Imports System.Text.RegularExpressions

Public Class regexUser

Public Sub New () F/’Create the regex instance
Dim rg As Regex = New Regex("[a-zA-Z]*")

. ———Define the match object variable

Dim mat As MatchH
___————Perform match

mat = rg.Match(data)®

/Check if match is succesfull
If mat.Length <> 0 Then

resultsText .AppendText ("Ok!! "}
Else
resultsText.AppendText ("Failed!!")
End If
End Sub

End Class

4.4.2 Perl

H perl givar pa and ug yAwooeg nmpoypappatiopoy mnou xpnotporotel g
KAVOVIKEG EKPPACEIS WS Paocikd otoixeio tou ouviaktikou tng. H pnyavn
Xpnowponotei avtopatro tinou NFA ya v avanapdotacn 10V KAavVOVIKGOV
EKPPACEDV, EVK TO OUVIAKTIKO aviikel otnv kawyopia PCRE (nap. 2.1.3).

HMapadewypa

- —perl program location (Unix only)

#!/usr/bin/perl®”

o —Example data in comment
#example data - perl-bin-10.20.30pre8-1.i386.rpnl

" _  — — for all rpm contents in fcdrom do
while (</cdrom/*rpm>)" |

- perform tha match
if(/(.*—[0—9a—zA—Z\.]*)-[0—9]*.*\.i386\.rpm/)7'”////p_—
et the first group ($1)

Jopeatinie Lol L iE T T
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4.4.3 GNU Kawa

H GNU ekt6g anoé v pIjxavi] Kavovikav eEKGpAcemv Iou avadepdnke vopi-
1epa €XE1 UAOITONCEL KAl £Va HETAYARDTIION) KAVOVIKOV EKPPACEDV 08 KOS1KaA
Java yia v ydAwooa Scheme pe tnv xpron ing miatpoppas KAWA [Fou].
H vlornoinon autrj ev akoAouBel kavéva yvaoto CUVIAKIIKG, aAAd MpoTteivel
éva 61ko g 1o oroio faocidetal ounv yAwooa Scheme.

Mapadewypa
A usual map function
(define map™
(lambda (£ 1)  ———Definition of the expression
(match ¥ __————Maiches the empty list
0D .._—(x,y) matches a pair, binding x and y

f(x - y)(cons (f x}) (map £ y}}1))}

4.4.4 SQL:1999

Zwv SQL:1999 npotddnke va xprotporioinfouv 01 Kavovikég eKPpAaoel§ yia
NV avadijinon oe Ke(pevo pe tyv Xpron tou tedeotr] SIMILAR [EM] [BLSS]. To
OUVIAKTIKO TV KAVOVIKOV EKPPAcernv akoAouBouoe 1o POSIX (rtap. 2.1.3).

Mapadewypa

A standard SQL query

SELECT SQL_ID ™™
FROM SQL_TABLE

__————the SIMILAR operator

WHERE VERSION SIMTEAET TC

. 1 _~—The regular expression
TSR 9B [ SER e 23T
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IXedraopog Tou petayAmtTiot:)
F.i.r.e.

"Do not quench your inspiration and your imagination; do not become the
slave of your model.”
- Vincent van Gogh

5.1 BaowK1 QPXLTEKTOVIKI] TOU RETAYARTTILOT

O perayAdotuowig F.ir.e. (Fast Implementation of Regular Expressions)
eival katd fdon pia pnxavi] Kavovikov EKPpAacewv. ZXeSidotnke pe yvopova
va mAnpei 11§ mapakdtw npounobeoeg:

1. MeyaAutepn anodonkotnia eKTEAEONg

2. 100% ZupBatdinta pe v avriototyn PBAoB1ikn tng Sun (java.util.regex)
3. Mnxavn Baciopévn oe vieteppviotiko auvtopato (DFA)

4. Y8p181kn) vdornoinon (nap. 2.2.3)

5. 100% vdomnoinon oe Java

Apywkd mpénel va avadvocoupe rowa eivar 1 S abikaoia enedepyaoiag piag
KAVOVIKI)G €KPpaong ard pia pnxavi] Kavovikov ekppdoenv. H kavovikr)
Ekppaor tpododotei tov petaydwtuotr] (Regular Expression Compiler) rou
dnnoupyel 1o auvtdpato (Vieteppiviotiko 1) pn avddoya pe v vdonoinon).
Zv ouvéxela To MapayoHEVO aUTOHATO XPNOIHONOolEital and t1ov unxaviopo
eupeong npotunev (Matcher Engine) orou kai oe ouvbuaonod pe ta dedo-
péva gwoodou (Input data) emorpépoviat ta avapevopeva anoteAéopata. H
napandve Siadikaocia anotunoveral oxnpatka oo oxipa 5.1.
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Regular Expression

Vv N~y

Regular Expression Compiler

Generate Automata (DFA/NFA) Input
Data
Match Engine @
Result data

Zxtfipa 5.1: Mé0obog enedepyaoiag piag KavoviKng EKGPAcng

O oxedwaopog tou Fuir.e. Paocioinke ounv napandve axkodoudia Bnpatwv.
'Ouwg 11 apXIIEKTIOVIKI] TOU Sev £ival pOVOA1O1KY) ONWG Ot avtioTotXeG UAOIOL-
noeig. AnoteAeital Aownov and 1pia capwg Saxwpiopéva pepn:

1. Tov nuprjva tov petayAotuot (F.ir.e. - CORE)
2. To wanfjpa dnpmoupyiag avtopdrou (F.i.r.e. - DFA)
3. Tov peraydottiot) avtopdtov (F.ir.e. - WRITER)

[Tpénetl va tovicoupe ot ta tpnpata dSnuoupyiag autopdiou Katl 0 PeEtayAot-
TI0T1)G AUTORATOU, AEITOUPYOUV 0¢ anooniopeva pépn (plug-ins) tou kuping
petayAottiou Kat evepyoroovvial kata fouAnorn. O oxediaopog tou peta-
vlotuot F.ir.e. ennpedoinke and S radopa npotuna oxediov onwg Single-
ton ktA. [GHJV94].

5.2 IIuprjvag ToU PETAYARTILOT)

Ztov muprjva 1ou petayAetuotr kabopiletal n faowkr) Aettoupykdtnta, Ka-
94g ka1 0 TPOrnog Mou emKowEVOUV ta turpata petadu toug. O Baowke-
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G OVIOUNTEG ITOU TO AItoteAOUV aKOAOUBOUV TOV TPOIO HOVIEAOIONOoNG Ing
HINXavig Kavovikov eKppacenv tng Sun (java.uti.regex). AxkoAouBei 1o dia-
ypapna kAdoswv oe UML (oxnjpa 5.2).

«interface»
HashMap RegExpConstructs PreProcessor
e, 9
\ | Has
! 1
«abstract» vl
Matcher AliasList

Has

A

Pattern

Zxnua 5.2: Avdypappa UML tou Fuir.e.

Ot Baoikég kAdoeig eivar np Matcher kat n) Pattern. H kAdon Pattern anorte-
Ael v Sienadr pe tov tunpa dnuioupyiag autopdtou Kat 10V HETtayAatuot),
eve avtifeta n Matcher anotedei tov pnxaviopod eupeong npotunav (oxnpa
5.1). Na kdBe kavovikr} €KPPAoT 0 PETAYAXTIIOLS KAtaoKeudadel Suvapika
Hua dagopetiky "ekboxn)" tng kAdong Matcher. Auto yivetar opidovrag tnv
KAdomn Matcher wg abstract, apa €xoupe tnv duvatdtnta va npoupyricoupe
KAQOE€1g anoyovoug autrj§ Kal va UAOIOU|O0UHE TG 0adag OPIoREVeES neBo-
doug g, opwg pe Stagopetky Aettoupyikotnta kKabe gopa.

H xAdon Preprocessor XpnolHornoteital 0UolactikKd yla v Unootpidn tav
KAQoewV Xapaktrpav (nap. 2.1.3). IIpiv and KGO PetayAdTiion 1 KAVOVIKI)
éx@paon petadpdadetal oty amir] g Hopdr] Kat petd v enedepyadetal 1o
urjpa dnuoupyiag avtopdrovu.
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5.3 Tpnpata Snpovpyiag avtopdatou

Ta pnpata dnploupyiag autopdrou eival unetBuva yua v dnpovpyia tou
VIEIEPUIVIOTIKOU QUTOPatou ano v §00eioca kavovik:] ékppaoct). To erinedo
avuto cival Swadavég otov teAd1ko xpriotn. To Siaypappa KAGCEmV anotunove-
tat gto oxnjpa 5.3.

«interface» «interface» Properties «interface» «interface»
Compiler DFA P State Transition
DFAPIlugins

Zxnna 5.3: Avaypappa UML tou thnrjpatog Snpoupyiag kAdoswv

Zinv oucia o1 Hienagég (interfaces) Compiler, DFA, State ka1 Transition ka-
Sopifouv v cupnepiPopd NMou MePEVEL O TTUPIVAG TOU HETAYADTILOT anod
Kd0e Eexwplotd turjpa dSnuoupyiag auvtopdrtou. Ilepioodtepeg Aermtopépeieg
yua tov npoypappatiopo dienadpov Sa Sovpe otnv napaypago 6.2. H xkAa-
on DFAPlugins eival otauxkn kai niepiexel 0Aeg 1g drabeopeg vAonoroelg
unpdtev dnpuoupyiag kwdika rou £xel otnv 51460t 1OV 0 PETAYAWTTIOTG.

5.4 Tpnpa peTayAoTIiong auTtopatou

O petayAettiouig autopdtou eival uneubuvog yia v PetayA®tion tou auv-
tépartou otov teA1kO Kadika exktédeong. Ouolaotika oe autd 1o Tpfjpa Kata-
okeudietal n kawvoupla ekdoxrn) g kAdong Matcher pe v pébodo nou eixe
avagepbel oy napaypado 5.2. To Saypappa 10V KUp®V KAACEDV AITEIKO-
videtal oto oxrpa 5.4.

H &ienagr) Writer nepiéxet 1ig KArjoelg nou Sa kavel o rupnvag tou F.i.r.e.
yia va kadéoet tov ermdeypévo petayAdwtuot. H xAdaon WriterPlugins ne-
PEXEL 0Aa ta Habéopa TPNPaAta PHETAyAQDTIONG IOV £€Xouv vdoroinBel kat
eivar SraBéoa otov nuprjva. H evepyonoinon kaBe tnrjpatog yivetatr péow
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«interface» g
Writer Properties
WriterPlugins

Zxfna 5.4: Avaypappa UML tufjpatog petayAotiiong autopdtou

g KAdong avuig. Ilepartépm avdiuorn tng dadikaciag npoypappatiopoy
yivetal oto kepdiawo 6 (ap. 6.3).
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YAomoinon tou petayA®dTrioty)
F.i.r.e.

" H Stagopa g Yewpiag and v npaln eivar modv uikpn omv 9swpia, aiid

ToAU peydin otv mpaln.”
- Avdvuuog

6.1 Tpnpatikog NPOYPAPRRATIONOG OTOV RETAYAWT-
oty F.i.r.e.

O perayAdotuotig F.i.r.e. unootnpider v avarmmudn pnpdtev (modules).
'Oneg €xe1 161 avapepbel oto kepdraro 5 priopouv va poypappatiotovv HUo
Katyopieg tpnudev (1) ta tpnpata dnpioupyiag autopdie®v and Kavovikr)
EKQpaor; Kat (2) ta tpripata PEtayARtuotewyv oe Kodika pnxavrg.

6.2 Tpnpata Snpoupyiag avtopdtev

Ta tprpata dnpioupyiag avtopdiev givat urievbuva yla tnv KataokKeur T0u
VIEIEPHUIVIOTIKOU aUTOPATOU ard i Kavoviki] €Kppaoct).

6.2.1 M£6080g npoypappaticpou

H péBodog nmpoypappatiopou rou xpeitdietal va akoAoudnbei yia v ava-
rtudn evog tprjpatog Snpoupyiag avtopdrou eivat ealpetikd amdn Kat ano-
teAeital ano 1a napakawe Priparta.

1. YAdonoinon wv dienagov Compiler, DFA, State, Transition

62



KE®PAAAIO 6. YAOIIOIHZH TOY METATAQTTIZTH F.I.R.E. 63

2. Kataxwprnon ouyv kAdorn DFAPlugins

3. TIpooBnikn oto CLASSPATH 10U peEIayA®TIOT] 1OV AIIATOUHEVOV KAAG-
OE@V

H 8iena¢r Compiler

H &erntagr} Compiler aroteAel 10 KEVIPIKO orjeio vAornoinong tou TUIpatog
dnmovpyiag avtopdarou. O nuprivag kalel v ouvdptnon getDFA(String,int)
Kal neptpével va AdBet 10 autoparto to ornoio avanapiotatal ano pia KAAorn
nov vdortotel v dSientadr] DFA. O ninyaiog kodikag ng Sienagrg nmapatibe-
tal oto oxnpa 6.1.

package org.fire.regexp.dfa;

public interface Compiler {
public DFA getDFA(String regex, int flags):
public String getAuthor():
public String getName();

Zxnpa 6.1: Inyaiog xadikag g Sienagrig Compiler

Ztov nivaka 1nou akoAoubel avaAduvovral 6Aa ta cuctatika otoixeia ng Siena-
Pne.

‘Ovopa pe66dou Meprypadn)

getDFA(String,int) H péBobog mou exxivel tv dwabikacia
HETAYADTTIONG

getAuthor() Emotpépet tov ouyypagéa tou tpnpa-
10g dnpioupyiag avtopdrou

getName() Emotpégper 1o 6vopa (povadikd ava t-
Hrjna) tou tanpatog Snuovpyiag avto-
patou

H diena¢gn DFA

H 6iena¢gry DFA anotedel v Sopkn ovidunua avanapdotaong tou rnapa-
YOHEVOU VIETEPHIVIOTIKOU autopatou (oxnpa 6.2). To autépato anotedeitat
ano kopBoug (state) kai ouvaptjoeig petdBaong (Transitions).
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package org.fire.regexp.dfa;

import java. util. Set;

public interface DFA |

public
public
public
public
public
public

Set getStates ();

void determinize (};

void removeDeadTransitions () ;
String toDot();

void saveDot(String filename);
State getlnitialState ();

ZxApa 6.2: Ilnyaiog kwdkag ng Sienagric DFA

AxoAoubel n avdAuorn v pebodwv tng Sienagng.

‘Ovopa pe6odou IMeprypadn)

getStates() Emotpépel 1o oUuvodo 1wV KOpBrv tou
autopatou

determinize() Metatpérel 10 QuIOPAto OE VIEIEPHLVLI-
OTIKO

removeDeadTransitionsfAéyxet tnv opfotnta tov ouvOnkov pe-

tdBaong kat Sraypdgel 6Aeg 11§ pn ana-
paitnteg

toDot()

Ermotpégel 10 napayopevo autopato oe

HOp®1] Ypadnpuatog oe popPrn £10060u
yia 1o npoypappa Graphviz

saveDot() Avtiotoixa pe v pédodo toDot. Zu-

RIAnpopatikd to anodnkevet oe apxei-
0.

getlnitialState() Emotpégel tov kopBo e106dou tou au-

tépatou

H Siena¢gn State

64

KdaBe xo6pBog tou napayopevou avtopatou avanapiotatat HE0® KAAGE®V IMOU
vAonowouv v dienagn State. axkodouBel 1o oxrjpa 6.3 nou nepiExel v
nnyaio kadika, kabwg kat avaAuon twv peBddwv tng SienaPnis.



KE®AAAIO 6. YAOIIOIHZH TOY METATAQTTIXTH F.LLR.E.

package org.fire.regexp.dfa;

import java.util.Set;

public interface State {

public
public
public
public
public
public
public
public

void addTransition (Transition t);
int compareTo(Object 0);

Set getTransitions ();

boolean isAccept():

void setAccept(boolean accept);
State step(char c);

String toString();

int getStateNumber();

Zxnna 6.3: IInyaiog kabikag g Hienagrig State

‘Ovopa peB6dou Hepiypadn

addTransition(TransitiphjpocB¢tet pia ouvBrikn petdBaong otov
Kop6o

compareTo(Object) Zuvapinorn IoU OUYKPIVEL TOUG KOP-
Boug tov autopdtav

getTransitions() Emotpéper Aiota pe 1ig ouvaptnoeig pe-
1aBaong

isAccept() IMAnpogopei ya 1o av o kopBog eivai
TEPRATIKOG

setAccept(boolean) HEtel MV TEPHATIKI] KATACTACT] TOU
KopBou

step(char) EAéyxel tov xapaktujpa €10060u He TG

ouvaptrjoeig petdBaorng tou k6pBou Kat
EMTIOTPEPEL TO ENMOPEVO KOPBO oTO AUTO-
pato

toString() Emotpéget pia adpapOpnuikn aneiko-

w101 ToU KOpBou

getStateNumber() Emotpéperl tov kodiké api®po ava

kouBo (povadikog ava képbBo oo au-
oparo)

65
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H Siena¢rn Transition

H anewkovion tov ouvOnkov petdBaong vloroleital PE€o® KAAOERV MOU KO-
AouBouv 1o npdtuno g Sienagng Transition. H Sienagr) nepiExel xapakt)-
PES TIOU A1TOUpYOoUV ¢ dve KAl KATK @PpAYHaA yia v ouvlnkn petdBaong
Y. av min = ’a’ kat max = z’ 1é1e 1 ouvOnkn perabaong evepyomnoieital
névo av o xapaxtfpag £10660u eival oto Sidotnpa ‘a’ < input <' 2. Ty
MepiImeoT) Mou ta opla eivat ioa tote 0 xapakirjpag 10060V ou evepyornoiet
v ouvlnkr eivat €vag.

package org.fire.regexp.dfa;

public interface Transition {
public State getDest();
public char getMax();
public char getMin();
public String toString();

Zxnpa 6.4: IInyaiog kadikag tng dienagpng Transition

‘Ovopa peB68ou Iepwypadn

getDest() Eruotpéper tov kK6p6o npoopiopov g
guvaptnong petdBaong

getMax() Emotpépet 1o xapaxtrjpa mou Aettoup-
vel g dve gppdypa yia v ouvlnkn pe-
taBaorng

getMin() Emotpégel 1o xapaxktjpa rouv Aetoup-
Yvel ©g KAT® @pdypa ya v ouvOnkn
pewaBaong

toString() Eruotpépel pa adpapOpntiki aneiko-
v101] TOU KOpBou

6.2.2 DFAAutomaton

Zta rmiaiola g muxaknig epyaciag vdorowOnke éva turjpa dnpioupyiag
autopdtou 1o onoio Baciotnke otnv PiBAtoO1ikn tou Automaton [Moe03]. To
daypappa kAdoewv 10U TRjpatog anewkovidetal oto oxripa 6.5.
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«interface»
Compiler
A
I
|
«interface» . !
DFA CompilerAutomaton Properties
\\ 1. 3
N Has Has
\ 0 \
«interface» .
State DFAutomaton DFAPIlugins
B 1.
\
\ Has
\ SO
«interface- StateAutomaton
Transition
D 1.
\
\ Has

TransitionAutomaton

Zxnnua 6.5: Aldaypappa kAdosov tou tnripatog DFAAutomaton

INapadewypa Xpriong

Eg@ooov undpyet vdonoinon tou tunpatog dnpioupyiag avtopdtou (n) orola
axoAoubel v pébodo nmpoypappaniopol mou £€xoupe 118n avaduoel) npérnet
ApX1KA va EVEPYOTIOU|COUHE TO CUYKEKPIREVO THIRA. 10 arnoonacpa Kodika
rnou axkoAouBei nmeprypdgetal avn n Hiadwkaoia.
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.__/"Import the regex libraries

import org.fire.regexp.dfa.*;
import org.fire.regexp.*;

public class TestDFAutomaton {
public static void main{(String(] args) {
%cgismr the new compiler plug-in
DFAPlugins defInstance = DFAPLugins.getDefaultInstance(};
defInstance.setProperty({new CompilerAutomaton(}).getName(},
"org.fire.regexp.dfa.automaton.CompilerAutomaton™, ™");
¢~ Initialize the new compiler plug-in
.

Pattern pat = Pattern.getInstance();
pat.setCompiler ((new CompilerAutomaton(}).getName{));

Av 1Y £XOUpE TNV KavoviKy ékppaocn (a|b) *abb to napayopevo autépato
elval (i ypagikr) tou avantapdotaact nmponibe péow xpriong tng ouvdptnong
toDot()):

Me 600 opodkevipoug KUkAoug oupBoAidovial ot teppatikol kopbol, evw pe
BéAog o1 ouvbnkeg petdadaong.

6.3 Tpunpata PETAYAXTIIOTOV O KWd1ka pnya-
viig
6.3.1 M:£BoSog npoypappatiopoy

Ta muipata petaydetuotdv o KOSIKA Pnxavig £€Xouv wg otoxo v peta-
IPOIT TOU auTOpdIou oto Tehiko mepiBdddov exktédeong 1. Java Source,
JVM bytecode ktA.
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H Sienagprn Writer

I'a va katackevaoBel éva tprjpa petayAwtiiot) yia kodika pnxavig apkei
va vdorownBei 1 Sennagdry Writer. H ulonoinon tov peBodov compilel...)
9a npénel va erotpépel £va instance ng kKAdong Matcher , to omoio ivat
povadiko yra kabe kavovikr €ékPppaoct). Zto oxrjpa 6.6 napatibetal o nnyaiog
KOd1kag ng dientagdng Writer.

public interface Writer {
public String getName/();
public String getDescription ();
public Matcher compile (DFA dfa, String regex):
public Matcher compile (DFA dfa,
String regex,
String filename);

Zxnpa 6.6: IInyaiog kodikag tng dienagrg Writer

AxoAouBel avaduon tev pefdduv tng Sienagprig Writer.

‘Ovopa pe®6dou Mepwypadn

getName() Emotpéget 10 kadikd dvopa

getDescription() Emotpépel aApapiBpunuko nou nepié-
XEl MAT|POPOPIES Yia TO THHa TOU HE-
TayA@Tuotn

compile(DFA,String) MerayAettidel 10 autépato oe kwdika
pnxavrig

compile(DFA,String,String) | MetayAottidel 1o autépato oe KOdika
Bnxavrig Kat napdyel KAAoT NE OUYKE-
KPaévo ovopa

H xAaon Matcher

To amotédeopa tou TPRpAtog petayAotuong eival pa ekdoxr) ng KAdong
Matcher. Katd v dnpouvpyia g kAdong, 6Uo {nujpata npoxkurmouy Kat
npénel va avupewornotouv. H vdonoinon v pebédov find() xat matches()
KaBwg Katl 0 TpOrnog Xeplopou v Sedopévav e106dou novu yivetar and ug
unodornieg pebédoug.

O néBodot find() kart matches() exktedouv v épeuva Katl MePEXOUV 10 Kd1i-
KOITOUPEVO aUTONato.
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O xep1opog dedonévav e100dou £xel peydAn onpaocia yati ennpeadet Spapa-
TIKA Vv anodoon tou tpfjpatog. Ma autd tov Adyo v vdonoinon v agr-
VOUHE OTOV MPOYPARHATION:] TOU KABe tnfjpatog. Zia rmiaiola g IuXaKkng
epyaoiag avantuxbnkav Vo péBodotr yia tov xeipiopo dedopévav, ot ornoi-
ol avaAvovtal otv niapdaypado 6.3.2. AxkodouBel mapdaBeor; anocridopnatog
kod1ka g KAdong Matcher kat avaluorn tov mo onpavikev pebédav ng.

package org. fire.regexp;

public abstract class Matcher implements Serializable{
[...1]
public abstract boolean find ();
public abstract boolean matches();
protected abstract void initBuffer (CharSequence);
protected abstract int getBufferSize();
protected abstract int getBufferPosition ();
protected abstract void setBufferPosition (int);
protected abstract void rewindBuffer();
protected abstract Stiring substring(int,int);

Zxnpa 6.7: Inyaiog kodikag g kKAdong Matcher

‘Ovopa pe06dou Hepiypadn

find() Emotpégder 10 enopevo adpapOpnuko
ITOU 1KAVOITOLEl TNV KAVOVIKY] €KPpaoct)

matches() ExteAel kaBoA1ko €Aeyyo yia taipiacpa

initBuffer(CharSequence) Apxwortoet ta debopéva yia v pn-
xavr eAéyxou npotunav (Matching En-
gine)

getBufferSize() Emotpépel 10 péyebog tov dedopévev
£10060u (ot bytes)

getBufferPosition() Emotpépet tv 9€on rou epeuvd n -
Xavi] €éA£yX0OU IPOTUNGV

setBufferPosition(int) Yrnobeikvier ouykekpipévny 9éon otnv
pnxaviy €Aéyxou rnpotunev yla va ge-
KIVI|OEl €épguva

rewindBuffer() Apxixonotei ta dedopéva

substring(int,int) Emotpéper adpapOpunuko pe ta dedo-
Héva nou Ppiokoviat 08 CUYKEKPIHEVO
ouvolo Séoewv
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6.3.2 ME£OGodo1 Xe1plopol TtV cdopévav

Me tov Xeipropo v dedopéveov Sédoupe va aniomoirjoovpe Kat va BeAt-
OTOITOIN0OVHE TOV Tporo Sraxeipiong twv edopévav e100dou. H npooniabera
OnwG autr eyKupovel Kivbuvoug, agou av akodoubrjooupe AdBog nipoogyyion
HnopoUpe va £Xoupe Kataotpopkd arotedéopata. Na v S raxeipion v de-
dopévav e100d0u mpéner va vAdororjcoupe otnv kKAdorn Matcher tng pedodoug
(1) initBuffer(CharSequence), (2) getBufferSize(), (3) getBufferPosition(), (4)
setBufferPosition(int), (5) rewindBuffer() xat (6) substring(int,int).

Tra miaiola g rrruxiakng vdonourjiOnkav §vo pébobot yia tov XEIpLopo tav
6ebopévav. Awayeipilon péow tou mapadoociakou I/0 wng Java kar pe v
xprion tou NIO (New I/O) 10 omoio unooxetair PeyaAdutepn taxuinia otnv
MPOCTIEAQCT] KAl AVAKTINOT TV §edopévav.

CharArrayMatcher

H nipotn nipooéyyion yia tov Xe1iplopo v dedopévev e100dou £yive péo® tou
napadociakou I/0 nou napeixe n Java. Ta dedopéva e100dou puArdoooviav
oe £va Iivaka Xapaxki)peVv Kal 1 npoornédaorn yivetar péow perpniov. To
Sdypappa UML anewovidetal oto oxrjpa 6.8.

Matcher

|

CharArrayMatcher

1.f
Has
1

«interface»
Writer

Zxnpa 6.8: Aldypappa rddcewv UML yua xeipiopo debopévav pe napado-
owako I/0
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Zuv npddn anobeixinke 6t 1 MPooéyylon auty eival mo anodotiKr) ouyKpt-
ukd pe 1o NIO. Auto oupBatver enedn) eivatl Suvatr i) aneubeiag npoornéAaon
otov nivaxka pe ta Sedopéva, eve péonm tou NIO o1 kKAroelg yivoviat HEo® ou-
vaptjoenyv, o1 ornoileg anotedovv onpavuks ermBapuvorn. Auto dev onuaivel
puowkd ot 1o NIO 8ev mpayparonolel avtd nou vurocxetar, ardd eival mo
anodotiko otav yiverat avilypadr] 1] avaknor peydAeov nogotrjieov debopé-
VaQVv.

NIOMatcher

Mapddo mou pe tnv Xprion tou napadooiakou I/0 ta anoteAéopata anddo-
ong 1Tav Kavomounukd, £npene va doxipacovpe kat 1o New I/0 1o onoio
urooxotav Kat Kaduvtepeg embooelg. Axodoubel 1o aviiotoixo Sidypapna
KAdoswv oto oxnua 6.9.

Matcher
Buffer NIOMatcher
1..
Has Has
4 1
«inferfaces
CharBuffer Writer

Zxnpa 6.9: Auaypappa kddoswv UML yia xeipiopo debopévav pe napado-
owako I/0

6.3.3 JavaSourceWriter

To npato tprjpa petayAetuot os KOSika pnxavrg eixe g otdxo tnv peta-
Tpor} ToU avtopdrou os kodika Java. H mpooéyyion auvtr rfrav 10 npeto
Aoyiko Bripa orov 6popo tng PeAtiotonoinong Sott:
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1. To anotédeopa frav éva apxeio kodika Java, 10 onoio rfjtav oAU eu-
KOAO oty enedepyaoia kat v BeAtioon.

2. Aiver tnv Suvatdtnta va peEtayA@Ttiotel 10 autopato 0 CUYKEKPIIEVO
npoypappa, e§e1d1kevnévo yia kabe Kavoviky €KPppaor.

H 6wabikaoia Aertoupyiag tou tprjpatog petayAotiong JavaSourceWriter a-
newkovidetatl oto oxrjpa 6.10.

Regular Expression

v ¥ ¥

Generate Automato

Vv Ny b

Generate Java Source

Vv Y

Compile with javac/jikes

v ¥

Java Class File

Zxnpa 6.10: Awadikaoia Asttoupyiag tou JavaSourceWriter

H kavovikn ékgpaon petacyxnpatidetal oe autdpato, to Oroio PE Vv oelpd
TOU HE0M TOU TUNPAtog petayAationg oe kwdika Java. Tov mapayopevo Ko-
61ka 1o petayAwtii¢et o javac 1) o jikes (turuxkoi petaydwtuiotég yia Java). To
napayopevo apxeio eivat pla kKAaon nou vdorotet g pebddoug tng Matcher.
AxoAouBei to UML Sidypappa tou tpripatog petayiotuong JavaSourceWri-
ter (oxnpa 6.11).

1t ovucia vAornouibnkav o tprjpata HetayA®tiong rnou napiyayav Java.
‘Eva nou xepidotav ta dedopéva g10660u pe napadooiaxo I/0 kal dAdo €va
rou xpnotporotouce NIO. O kddikag mou nmapdyouvv ta TPIjpata akoAou-
9el TG TEXVIKEG MOU XPNO1HOMOIoUVIAL OV AEKTIKI] avdAuorn oneg .. lex
[ASUS85, p.106]. ITapadetypa apxeiou kadika java napatiBetar oto napdp-
wpa I,
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«interface»
Writer
~ \
- N
e N
CharArrayJavaSourceWriter Matcher NIOJavaSourceWriter
Has Has
\ 1
CharArrayMatcher NIOMatcher

Zxnua 6.11: Awdypappa xrddoewov UML yua 1o tpnjpa petayAotuort) Java-
SourceWriter

6.3.4 JavaAssemblyWriter

To enopevo Aoyiko Brina yua va BeAtwOei n anodoon tou napayopevou Ko-
6ika eival n napdxkapyn 10U HEIAYADTUON] KAl 1 vAoroinon wng KAAong
Matcher oe eninedo eviodav 18eatng pnxavis. H miatpoppa g Java €xel
€va £16og assembly v orola xpnowponoiei i 1deatr) pnxavr yia va eKteAéoel
ta apxeia kKAdong. Ot petayAetiiotég nov diavépoviat pe v matpoppa g
Java Kdvouv apketég BEATIOTONOI0EIS OT0 EKTEAECII0 KOS1KA MOV MapAayou-
v, aAAd oe e&eidikeupéva npoBArpata povo o avBporog pnopet va dwoet v
apudtepn Avon. ITapakapmroviag tov petaydwrttot) (javac,jikes) n dradika-
ola Aettoupyiag tou tprpatog petaBddietal cupgava pe 1o oxnpa 6.12.

'Onwg eival npodaveég MAgov ania tpopodotovpe tov kwdika otov Assembler
o onoiog arAda dnuoupyel 1o apxeio kKAdong. IMapddewypa apxeiov kOdika
Assembly nou dnpoupyriOnke anod 1o tarjpa petaydotuong JavaAssembl-
yWriter napatibetar oto mapdapinpa A’. Ot evioAég 18eatrig pnxavng tng Java
eival katayeypappéveg oto "Java Virtual Machine Specification” [LY97]. To
Siaypappa UML tou tprjpatog JavaAssemblyWriter aneikovidetat oto oxnpa
6.13.
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Regular Expression

v N

Generate Automato

v Ny N

Generate JVM Assembly

v %

Compile with Assembler

N Sh N

Java Class File

Zxnpa 6.12: Awadikaoia Aettoupyiag tou JavaAssemblyWriter

«interface»
Writer

)

Matcher CharArrayJavaAssemblyWriter

1

CharArrayMatcher

Zxnua 6.13: Auaypappa kddoewv UML tou tpnpatog petayAotuong Java-
AssemblyWriter

6.3.5 JavaClassWriter

10 teAIKO PBrjpa eival n napdakapyn tou Assembler kat n dnpoupyia tou
apyxeiou kKAaong aneubeiag ano 1o ppa petaydotuot]. YAonowwviag autod



KEDPAAAIO 6. YAOIIOIHZH TOY METATAQTTIETH F.LR.E. 76

10 Tpfjpa ev BeAumvoupe v anddoorn, armdd auvidvoupe tov Babpo auto-
voptag. H Siadikaoia Aettoupyiag adAdlel oupguva pe autr Tou oXHHatog
6.14.

Regular Expression

v Y

Generate Automato

Vv Ny N

Generate Bytecode

(VA A

Java Class File

Zxnpa 6.14: Awadwkaoia Aettoupyiag tou JavaClassWriter



KepaAaio 7

Aoxripéeg anodoong

"Win, lose or draw, this thing’s going to know it was in a fight.”
- Garibaldi, "Infection”, Babylon 5

7.1 IIeiwpapatika anoteAéopata

I'a va priopéooupie va afodoyricoupe v pnxavr petaydotuong F.ir.e Sa
MPEMEL va IIPAYHATOITOUCOVHE MEIPAHATa Kal va v cUyKpivoupe pe avri-
ogroixes pnxavég oe Java. Emiong Sa npémnet va kavoroiel ta kprerjpla mou
Séoape oto kepdAailo 4 6rou oudnuUIcaApE Yia TS PNXAVES KaVOVIKOV EKPPd-
oeav (ap. 4.3.1).

7.1.1 ’EAgyxog oupBatotntag pe aviioTtolyeg Pnxaveg

O petayAotuouig F.ir.e. dnuiovpyribnke pe kupo otéxo v oupbatdotna
Kat v taxvmta. [a va eAéy§oupe v oupbatotna tou He ta mpotuna &-
KteAéoape pia oelpd arno KAVOVIKEG EKPPACELS Ol OIOieg £iXav wg otoxo va
doxipdaoouv tov petayAarttiotr] oe akpaieg neputiwoetg. Evdewkuxkd oto na-
padotéo autd uNApXoLV MEPITOU 01 EKATO NMPOIES (10 et anaptidetal ano eva
ouvodo 700 exkppacewv). To teot €xel vAonownOel yia v Soxur tng pnxavr
KAVOVIK@V ekppacenv g Perl. IIpémet va tovicoupe 6Tt MOAAEG KAVOVIKEG
eEXPpaocelg ival AaBog kat enitn6eg KATAOKEVAONEVES Yia va doxkipdoouy tnv
OUNIMEPLPOPA TOU HETAYAMTIIOTY] OE TET01EG Kataotdoelg. ['a kdBe oet kavovi-
K1|G ékppaons Kal Sedopévav anateital kat mirpeg taipracpa (full match).
AxoloubBei ivakag pe anotedéopata.

77
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Kavovikn ék¢ppaot Asbopéva AnotéAcopa
abc abc v
abc xbc X
abc axc X
abc abx X
abc xabcy X
abc ababc X
ab*c abc v
ab*bc abc v
ab*bc abbc v
ab*bc abbbbc v
(58 abbbbc X
.{3,4} abbbbc X
ab{0, }bc abbbbc v
ab+bc abbc v
ab+bc abc X
ab+bc abg X
ab{1, }bc abg X
ab+bc abbbbc v
ab{1l, }bc abbbbc v
ab{1l,3}bc abbbbc v
ab{3,4}bc abbbbc v
“ab{4,5}bc abbbbc X
ab?bc abbc v
ab?bc abc v
ab{0,1}bc abc v
ab?bc abbbbc X
ab?c abc v
ab{0,1}c abc v
“abc$ abc X
“abcs abcc X
Takc abcc v
“abc$ aabc X
abc$ aabc v

abc$ aabcd v
3 abc v
$ abc X
a.c abc X
kG axc X
a Y&€ axyzc X
a.*c axyzd X
albcld abc X
albcld abd v
alb-d]e abd X
alb-dle ace ¢
al[b-d] aac X
al-b] a— v
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Kavovikn ék¢ppaor Asdopéva AnotéAsopa
al al X
alllb alb v
al"becld aed X
al"bcld abd X
al["-blc adc X
al"-blc a-c X
\ba\b a— X
\ba\b -a X
\ba\b —a— X
\by\b Xy X
\by\b vz X
\by\b XyZ X
\Ba\B a- v
\Ba\B -a v
\Ba\B -a- v
\By\b Xy X
\by\B yZ X
\By\B Xyz X
\w a v
\w - X
\W a X
\W - v
a\sb ab X
a\sb a-b X
a\Sb a b v
a\Sb a-b v
\d 1 X
\d - X
\D 1 X
\D - v
(\w] a X
[\w] - X
[\wW] a X
[(\W] e X
al\slb ab X
al\slb a-b X
al\S]b ab X
al\Slb a-b X
(\d] 1 X
(\d] - X
[(\D] 1 X
[\D] = X
ab|cd abc v
ab|cd abcd v
(Yef def X
*a = x
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Kavovikn ékdppaon Asdonéva AnotéAsopa
(#19 = X
$b v
a\ (b a(b X
a\ (*b ab v
a\ (*b a((b v
a\\b a\b v
((a)) abc v
(a)b(c) abc X
a+b+c aabbabc X
a{l, }b{l, }c aabbabc X
ks - v
a.+7¢c abcabc v
(at|b) * ab v
(at+ib) {0, } ab v
(at+|b) + ab v
(aFllop{l, } ab ve
(a+|b)? ab v
(Mo p {0, 1} ab v
i 3 A=+ cde v
abc X
ax v
¢Babal) *d abbbcd v
([abc]) *bed abcd v
alblcl|dle e v
¢a LB | GldFS) £ ef ¥
abcd*efg abcdefg v
ab* xabyabbbz X
ab* xayabbbz X
(ablcd) e abcde X
[abhgefdc]ij Tl 5 v
"(ablcd)e abcde X
(alb)c*d abcd X
(ablab*)bc abc v

aeBc ke abc v

a wibelki) (eid) abcd %
a([bcl+) (c*d) abcd v
a([bc]*) (ct+d) abcd v
al[bcd] *decdcde adcdcde v
a[bcd]+dcdcde adcdcde X
(abla)b*c abc v
((a) (b)c) (d) abcd X
la—zA-Z2_] [a-zA-20-9_]* alpha VA




((\31b)\2(a)){2,}

lorbaafk?gibbabaaaaabbggéaiggé
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Kavovikrn ék¢ppaon AsSopéva ArnotéAeopa
“a(bc+|bleh])gl.h$ abh X
(bc+dS$|ef*g. |h?2i(jlk)) effgz X
(bc+d$|ef*g. |h?i(jlk)) ij v
(bc+dS$Slef*g. |h?2i(jlk)) effg X
(bc+d$ |ef*g. |h?i(J1k)) | bcdd X
(bc+dS$Slef*g. |h?2i(jlk)) reffgz X
(CCCCeCEeEcE@)Mnn a v
(CCCCCEC((a))))))))))INol | aa X
(CCCEECCa)))d) a v
multiple words of text uh-uh X
multiple words multiple words, yeah X
(.*)c(.*) abcde v
NGl mal - SHaw) (a, Db) X
[k] ab X
abcd abcd X
a(bc)d abcd v
al[-]2c ac v
(abc) \1 abcabc X
(la—ci*)\1 abcabc X
\1 - X
\2 - v
(a) I\1 a v
(a) I\1 X e X
(a) 1\2 - o X
(([a-c])b*2\2) * ababbbcbc X
(([a-c])b*2\2) {3} ababbbcbc R
((\3lb)\2(a)x)+ aaxabxbaxbbx X
((\31b)\2(a)x)+ aaaxabaxbaaxbbax X

X
X

rabe’ i

ABC

Ze pua npoortdOeia oxoAlaopou v anoteAeopdiav, Sa priopovcape va nov-
pe ou o pertayAotuotrg F.i.r.e. kaAvmel apkeég ano 1g akpaieg nepume-
oeg ¢ oroieg Soxipdacape. 'Exel akopa apkera nipoBAnpata, écov agopd
TG EPPMAEUNEVEG TTAPEVOLOELG, EVO AYVOEl KATIOOUG TEAECTEG OGS T0 § Katl

To
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7.1.2 ZIUyrplon tng anodoong tou petayAwtuiotn Fii.r.e.
HE TG PNXAVEG KAVOVIKOV ERPPACERV o Java

I'a va cuykpivoupe v anodoon g F.ir.e. emé§ape ug 6vo mo arodo-
TIKEG PIXAVES KAVOVIKOV EKPPACE®V, Néca and eKEIVEG IOV avaAUoape oto
kepaiao 4. Autég eivar n unxavyy Automaton kai n avrigroixn tmg SUN
(java.util.regex).

O unoAoyiotr|g otov onoio ektedouvial ot Soxkipég eivar évag Pentium 4 2.53
GHz pe 1Gb pvnpn.

Aoxipn npwTn

Kavovikr] éxgppaon: (a|b) * abb
Aebopéva: aaaabb
EnavaAnijyeig: 300000

'‘Ovopa BBA0Onkng | Xpovog (msecs)
Fire 20
Automaton 71
Sun (java.util.regex) 430

450
400
350
300
250
200
160
100
50
0

g
-

Fire Automaton

Zxnpa 7.1: Arnotédeopa npaotng doxkiprg
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Aoxpn Sevtepn

Kavovikr ékgpaon: (alb) * abb
Aedopéva: aaaaaaaaaaaaaaabb
EnavaAnyeig: 300000

‘Ovona BiBAtobnikng | Xpovog (msecs)
Fire 30
Automaton 170
Sun (java.util.regex) 901

1000
900
800
700
600
500
400
300 +
200
100

0

Fire Automaton SUN

Zxnpa 7.2: Anotédeopa 6evtepng doxkiprig

Aoxupr tpitn

Kavovikr) ékgpaon: (.x)abe(.x)
Aedbopéva: aaaabcaaaa
EnavaiAnyeig: 300000

'‘Ovopa BBA0Bnkng | Xpovog (msecs)
Fire 30
Automaton 110
Sun (java.util.regex) 551
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600

500 +

400

300 +

Fire Automaton SUM

Zxnnua 7.3: Anotédeopa 1pling Sokung

Aoxipn tétaptn

Kavovikr) ékgppaor: (.x)abe(.x)
Aedopéva: aaaabcaaaa
EnavaAnyeig: 600000

‘Ovopa B18A061ikng | Xpovog (msecs)
Fire 40
Automaton 210
Sun (java.util.regex) 1112
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1200
1000
800

600

Fire Automaton SUN

Zxnpa 7.4: Anotédeona tétaptng Soxiang

ZX0A1aopog Soxipov

Zug 6oxkpég éva kat HU0 SOKINAOTNKE P1a Kavovikl] EKPPaocr) Ue tedeotr gre-
edy ywa otaBepo ap1Opo enavadnyenv. O otodxog fjtav va dovpe tyv dadopd
oe anodoon otnv nepimeon mov ta edbopéva peyaiovouv. Iinv enavdinyn
6vo0, napodo nou ta dedopéva frav dSumddowa n anoédoon tou F.ir.e. avébnke
ROAg 10 msecs eve otig dAdeg pnxavég rnepinou Hinmdaoctdoinke.

Zinv Sevtepn opdda doxinov (tpia kar téooepa) aveBaoape v MOAUMAOKG-
1A g KavoviKg éKppaot|§ Katl tov aplfpos wwv enavadnyenv. Iapodo nov
rAéov eixape dvo greedy tedeotég, o petayAotuog F.i.r.e ékave oxedov tov
1610 xpdvo pe v doxpn €va. Zinv Soxipn téooepa Simdaocwaocape tig era-
vaAnyelg kat o xpdvog avéBrke poAig 10 msecs eve otig diAeg dUo pnxavég
oxebov dumdaoidotnke.

O1 Baowkoi Adyor ou napouciddetal t€tola peydin diapopd oe taxvutnta eivat
Ol NAPAKAT® :

1. O F.i.r.e Aettoupyei oav Just-In time petayAotuotrg.

2. To autéparo nou xpnowpornoleital eival vieteppiviouiko. Eivat olyoupa
IO YPIIYOPO aro 10 pn-vieteppiviotiko g SUN, aAAd to ibio yprjyopo
He 1o autoparo tou Automaton.
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3. O extediopog KOdikag eival assembly ya v 1deatr] punxavrn g Java
KatdAAnAa PeAToTONOINPEVOG Yia TNV KABe Kavoviki] ékppaor.

7.2 AmnotesAéopata oUyKplong

7.2.1 Tunog pnxavng

O winog pnxavrig tou F.ir.e. givait uBpidikd DFA. Zuvbuddel xapakinplouka
Katl aro ug Vo katnyopieg.

7.2.2 IIpotuno

AxolouBeital 1o npdtunio tou POSIX. AAAd €xet yivel mpoepyacia yta va u-
nootnpixBouv xat xapaxktnpiotikd tou PCRE.

7.2.3 Unicode

O petaydeotuotrig F.i.r.e. unoownpi¢elt Unicode. O1 xapaktrpeg rouv xpnotpo-
notei eival Unicode onwg opidovrat oto Java Virtual Machine Specification.

7.2.4 Ixebiaopdg xat eveAlia

O petayAatuotg eival tunpatka npoypappati{opevog. ‘Exel oxedaotei va
eival evéAiktog kat enektaoipog. H evedi§ia tou dpwg Sev tou otepei ermdo-
OEG.

7.2.5 Anattnjoelg os nAatpoppa Java

O peraylotuotig avarmuxnke oto axkéo avdrntuing Aoytopikou g Java
éxdoor 1.4.2 (JDK). Aev £xer mpoBArjpata pe xapndotepeg ekdooeig tng Java
epooov Hev undpyxel kanota e€apnon pe kapia ékdoorn g Java.

7.2.6 Afomiotia

H vlonoinon €ywve akoAdouBwviag ta npotuna ypagpnig Kadika nou £xet opioet
n SUN ywa v yAdocoa Java. I[Tapddo nou o1 doxkipég Heixvouv to avtibero,
0 petaydotuotyg 9éAel apket) douderd akopa. Auty v ouypn dewpeitat
KaAr] AUoT yia KArnoov rou J€Ae1 va Tov XP1C1HOTIIOW]OEL Y1a KAVOVIKI] XPI10T)
1} Y1 EPEVUVITIKOUG OKOITOUG.



Kepaliawo 8
Tupnepaopata

"Our situation has not improved.”
- Henry Jones, Indiada Jones and the last crusade

8.1 MeAetwvrtag to napeAOov

Ot kavovikeg ekppaoetg £6e1§av v Xpnopotnta Toug and v EHPAvior Tou
Aewtoupyikou cuvotrjpatog Unix. Meydldeg pnopdég tou xopou, onwg o Ken
Thompson ano noAu vopig dpxioav va §oudevouv nMave otnv Xprjon twv Ka-
VOVIK®OV EKPPACEDV Y1a TV ArAOITONoT] MOAUMAOKeV rpoBAnpatev [Tho68].
Zinv ouvéxewa 1 avdarudn KAacokev epyaieiov ou Baciloviav otig Kavo-
VIKEG EKPPACELS ON®G T0 grep, egrep, awk KA. £dwoav tepdotia abnon ounv
avdrrtuén toug Kat v BeAtiotonoinon twv pebodwv vAonoinong toug.

[ToAAég Qopég OPWG £yvav Katl avukeipevo avuriapdadeong yia nmoAdoug emt-
otjpoveg ITapa nmoAAoi and autoug €xouv vdornoirjoel B1BA10BKEG KAVOVIKGV
EKPPACE@V yia Adyoug avurnapadéoeig o 9épata tayxuntag Kat feAtiotonoi-

nong.

8.2 Avtystonidoviag To napov

'Exovtag 10 napeAB6v katd vou, avupetemnioupe v napovoa Karaotaor).
O1 KaVOVIKEG EKPPACELS UTIAPXOUV MAEov Iiow oxeddv and omoradrmnote e-
@appoyn enegepyadetar keipevo. BiBA106r1keg untdpxouv yia 6Aeg g YAOOOES
npoypappatiopoy xat dewpeital méov ouvnBiopévn 1) XP1i01 T0UG.

87
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Sa prnopoloe KAMO10G va £MONPAVEL OT1 I EMICUHOVIKI} TIEPLOXT) é)(el EMEA-
9e1 o Kopeopd perd and téoa xpovia épeuvag kat avarrugng. H SUN 6n-
Hioupyoviag v Java katl vdomnoloviag pa rpoturt) BiBAod1Kn kavovikov
eKPpAcERV Ya autr), £dwoe £8adog yla véeg avurnapabéoeig kal PeAtiotonot-
110€1G.

Ze autn) v avunapddeon €AaBe pépog Kal n napoyca rmuyxlakn dnpioup-
yoviag tov Fi.r.e. , éva Just-in time petayAetuot) ya v miatpdppa g
Java. Zidyog tng Snpoupyiag tou, 1 KAAUYn 1@V Kevev oe anodoon mnou
£xouv o1 péxpt topa PiBA106nKeg, KAOWGS KAl 1] ENPOVI] OAGV TV UAOTIOI|CEDV
Va XP1oHOTIoI0UV HU1-VIETEPHIVIOTIKA autdépata oav ruprnva tous.

O F.i.r.e. Baoiletal o€ VIETEPPUIVIOTIKO QUTONATO , YEYOVOG TTOU Tou Sivel mMoAAd
rmAeovexktrjpata dAda kat peovektjpata. Eival taxutepog kat 100% ocupBa-
16¢ HE Vv avtiotolxn punxaviy Kavovikev ekppdoewv tng SUN. H vdonoinon
oNeg €xel Neyadvteprn) nmoAurniokotnta anod pia avriortoixn oe NFA (rx ywa
avdrtudn epgwisupévev napevbioenv opadonoinong arnatteitatl 1 £mvonon
Sapipwv npoypappatioukeov texvdopatov, eve pe NFA eival oxeuxd mo
arin} i1 vAornoinon).

Ot okpég rou éyvav Sikai®vouv tig unobéoerg pag, ardd eniong pag umno-
drndavouv 6t 1 €épeuva poAig Sekivroe pog avtr} v kateubuvor.

8.3 IIpoocbokwvtag to péAAov

O F.ir.e sival akopa moAu avoplog yia va xapaxinptotel TeAiko "nipoiov”.
B¢Ae1 apretég Horpég ya va egaopaitotei 100% n oupBatotnta pe ta ovy-
Xpova mpdturna, £ve KAOe emrmiéov xapakinplonko rou Sa avarnuooetat dev
Sa npénet va eruBapuvet v anddoor) tou.

Me v eruwuyia tou petaydotuotr F.ir.e avoiyouv 9épata katl yia dAAeg
YA®OOEg Mpoypappatopoy kat miatpdppeg, otig onoieg 9a priopovoav va
yivouv rnapopoteg BEATIOTONOU]OELG.



IMapaptnpa A’

I'pappatikng KaAvovik@V
ERPPACE®V TOUu npotunou POSIX

$token ORD_CHAR QUOTED_CHAR DUP_COUNT
$token BACKREF L_ANCHOR R_ANCHOR

%$token Back_open_paren Back_close_paren
/* "\ (! "\)' */
%$token Back_open_brace Back_close_brace
e \{ \} */

/* The following tokens are for the Bracket Expression
grammar common to both REs and EREs. */

%token COLL_ELEM_SINGLE COLL_ELEM MULTI META_CHAR
stoken Open_equal Equal_close Open_dot
/* I[=I I=]I I[.I */

%token Dot_close Open_colon Colon_close

/* r.]r r[:r I:]I */
%$token class_name

/* class_name is a keyword to the LC_CTYPE locale category */
/* (representing a character class) in the current locale */
/* and is only recognized between [: and :] */

%start basic_reg_exp
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*/

basic_reg_exp : RE_expression
| L_ANCHOR
| R_ANCHOR
| L_ANCHOR R_ANCHOR
| L_ANCHOR RE_expression
| RE_expression R_ANCHOR
| L_ANCHOR RE_expression R_ANCHOR
H

RE_expression : simple_RE
| RE_expression simple_RE
’

simple_RE : nondupl_RE
| nondupl_RE RE_dupl_symbol
r

nondupl_RE : one_char_or_coll_elem_RE
| Back_open_paren RE_expression Back_close_paren
| BACKREF

14
one_char_or_coll_elem_RE : ORD_CHAR
| QUOTED_CHAR
| ros
| bracket_expression
i
RE_dupl_symbol : ’*’
| Back_open_brace DUP_COUNT Back_close_brace
| Back_open_pbrace DUP_COUNT ’,’ Back_close_brace
| Back_open_brace DUP_COUNT ’,’ DUP_COUNT
Back_close_brace

*/

bracket_expression : ‘[’ matching_list "]’
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| [’ nonmatching_list "]’

~e

matching_list : bracket_list
nonmatching_list : '’ bracket_1list
bracket_list : follow_list

| follow list 7 -’

follow_list : expression_term
| follow_list expression_term
H
expression_term : single_expression
| range_expression
A
single_expression : end_range
| character_class
| equivalence_class
’
range_expression : start_range end_range
| start_range -’
r

start_range : end_range ’-'

end_range : COLL_ELEM_SINGLE
| collating_symbol
collating_symbol : Open_dot COLL_ELEM_SINGLE Dot_close
| Open_dot COLL_ELEM_ MULTI Dot_close
| Open_dot META_CHAR Dot_close
7
equivalence_class : Open_equal COLL_ELEM _SINGLE Equal_close
| Open_equal COLL_ELEM_MULTI Equal_close
’
character_class : Open_colon class_name Colon_close

’

/* S " T " . B . S T T B & o e e o 4 e T e T

Extended Regular Expression
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extended_reg_exp g ERE_branch
| extended_reg_exp ’'{|{’ ERE_branch

ERE_branch g ERE_expression
| ERE_branch ERE_expression

ERE_expression : one_char_or_coll_elem_ ERE
|. r~7
| s’
| " (' extended_reg exp ")’
| ERE_expression ERE_dupl_symbol
’
one_char_or_coll_elem_ERE : ORD_CHAR
| QUOTED_CHAR
I ro

| bracket_expression

ERE_dupl_symbol g Uil
I+I
I?I
"{’ DUP_COUNT Ty’
"{’” DUP_COUNT ’,’ ryr
"{’ DUP_COUNT ",’ DUP_COUNT '}’
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INapaptnpa B’

AnoteAéopata Soripov
anodoong Damien Mascord

Ta anoteAéopata vniapyouv dnjpocieupgéva otnv Sievbuvon
http:/ /tusker.disorder.com.au/.

Regular expression library: org.apache.regexp.*
RE;:: wi ( (07 =] Hpee/ f) 2 Foese/alit) (2 ([0-9]+))2(/.*)

MS MAX AVG MIN DEV INPUT

191 40 0.0191 0 O http://www.linux.com/

481 70 0.0481 0 1 http://www.thelinuxshow.com/main.php3
842 70 0.0842 0 1 usd 1234.00

1702 70 0.1702 0 1 he said she said he said no

RE: usd [+-1?[0-9]+.[0-9][0-9]

MS MAX AVG MIN DEV INPUT

40 10 0.0040 0 0 http://www.linux.com/

80 10 0.0080 0 O http://www.thelinuxshow.com/main.php3
171 31 0.0171 0 0 usd 1234.00

191 31 0.0191 0 O he said she said he said no

RE: \b(\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

990 10 0.099 0 0 http://www.linux.com/

2843 11 0.2843 0 1 http://www.thelinuxshow.com/main.php3
3264 11 0.3264 0 1 usd 1234.00

4416 20 0.4416 0 2 he said she said he said no
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Total time taken: 6349
Regular expression library: com.stevesoft.pat.Regex

RES 230 (1 S 838 )6 /W ) R/ I's9n: (TBSO T2 (/. *)

MS MAX AVG MIN DEV INPUT

311 20 0.0311 0 O http://www.linux.com/

631 20 0.0631 0 0 http://www.thelinuxshow.com/main.php3
1182 20 0.1182 0 1 usd 1234.00

2624 20 0.2624 0 1 he said she said he said no

RE: usd [+-]?2[0-9]1+.[0-9][0-9]

MS MAX AVG MIN DEV INPUT

60 10 0.0060 0 O http://www.linux.com/

171 11 0.0171 0 O http://www.thelinuxshow.com/main.php3
211 11 0.0211 0 0O usd 1234.00

271 11 0.0271 0 0 he said she said he said no

RE: \b{\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

812 11 0.0812 0 0 http://www.linux.com/

2274 20 0.2274 0 1 http://www.thelinuxshow.com/main.php3
2694 30 0.2694 0 1 usd 1234.00

3855 30 0.3855 0 1 he said she said he said no

Total time taken: 6930
Regular expression library: com.ibm.regex.RegularExpression

RE: <X ([0 o /) 22060670 A%tk (T 0=08 K2/ . *)

MS MAX AVG MIN DEV INPUT

100 10 0.01 0 O http://www.linux.com/

370 200 0.037 0 2 http://www.thelinuxshow.com/main.php3
500 200 0.05 0 2 usd 1234.00

961 200 0.0961 0 2 he said she said he said no

RE: 1wsd +[#&5]2[059] +i. l0=98 [ 091

MS MAX AVG MIN DEV INPUT

20 10 0.0020 0 O http://www.linux.com/

20 10 0.0020 0 O http://www.thelinuxshow.com/main.php3
60 10 0.0060 0 O usd 1234.00
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100 10 0.01 0 0 he said she said he said no

RE: \b(\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

260 20 0.026 0 0 http://www.linux.com/

681 20 0.0681 0 0 http://www.thelinuxshow.com/main.php3
842 20 0.0842 0 0 usd 1234.00

1302 20 0.1302 0 1 he said she said he said no

Total time taken: 2614
Regular expression library: gnu.regexp.RE

RE 3 g5 (O Treley) &/ /) 200bssn Al dab: (1058] H)2 (/. *)

MS MAX AVG MIN DEV INPUT

6712 20 0.6712 0 2 http://www.linux.com/

15789 30 1.5789 0 3 http://www.thelinuxshow.com/main.php3
21119 30 2.1119 0 4 usd 1234.00

33398 30 3.3398 0 4 he said she said he said no

RE: usd [+-]2[0-9]1+.[0-9)1([0-9]

MS MAX AVG MIN DEV INPUT

10 10 0.0010 0 O http://www.linux.com/

20 10 0.0020 0 0 http://www.thelinuxshow.com/main.php3
1242 11 0.1242 0 1 usd 1234.00

1262 11 0.1262 0 1 he said she said he said no

RE: \b(\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

861 11 0.0861 0 0 http://www.linux.com/

1662 11 0.1662 0 1 http://www.thelinuxshow.com/main.php3
2643 20 0.2643 0 1 usd 1234.00

3155 20 0.3155 0 1 he said she said he said no

Total time taken: 37965

Regular expression library: kmy.regex.util.Regex
RE 3m” ([ Salet 0 eode/ 12 Glas andltda( 3 G RORS Iti) 2 (/. *)

MS MAX AVG MIN DEV INPUT

300 90 0.03 0 1 http://www.linux.com/
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660 90 0.066 0 1 http://www.thelinuxshow.com/main.php3
1560 90 0.156 0 1 usd 1234.00
3976 90 0.3976 0 2 he said she said he said no

RE: usd [+-]?2[0-9]+.[0-9][0-9]

MS MAX AVG MIN DEV INPUT

10 10 0.0010 O O http://www.linux.com/

80 10 0.0080 0 O http://www.thelinuxshow.com/main.php3
180 10 0.018 0 0 usd 1234.00

220 10 0.022 0 0 he said she said he said no

RE: \b(\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

291 20 0.0291 0 http://www.linux.com/

501 20 0.0501 0 http://www.thelinuxshow.com/main.php3
671 20 0.0671 0 usd 1234.00

831 20 0.0831 0 he said she said he said no

O O O O

Total time taken: 5347
Regular expression library: java.util.regex.Pattern

RE:§7 (" [==5R) 8/ 1/ )SACF : /1 m(C: ( [0=9] #sh2 (/. *)

MS MAX AVG MIN DEV INPUT

151 11 0.0151 0 0 http://www.linux.com/

301 11 0.0301 0 O http://www.thelinuxshow.com/main.php3
441 11 0.0441 0 O usd 1234.00

751 11 0.0751 0 0 he said she said he said no

RE: usd [+-]2([0-9]+.[0-9][0-9]

MS MAX AVG MIN DEV INPUT

30 10 0.0030 0 0 http://www.linux.com/

80 10 0.0080 0 O http://www.thelinuxshow.com/main.php3
121 11 0.0121 0 0 usd 1234.00

141 11 0.0141 0 O he said she said he said no

RE: \b(\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

60 10 0.0060 0 O http://www.linux.com/

130 10 0.013 0 O http://www.thelinuxshow.com/main.php3
200 10 0.02 0 0 usd 1234.00
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270 10 0.027 0 0 he said she said he said no
Total time taken: 1172
Regular expression library: Jjregex.Pattern

RE ™ (™) W5/ A2 ([Fewli+) (= ([0-9]+))2(/.*)

MS MAX AVG MIN DEV INPUT

312 151 0.0312 0 1 http://www.linux.com/

452 151 0.0452 0 1 http://www.thelinuxshow.com/main.php3
612 151 0.0612 0 1 usd 1234.00

942 151 0.0942 0 1 he said she said he said no

RE: usd [+-]?2[0-9]1+.[0-9][0-9]

MS MAX AVG MIN DEV INPUT

30 10 0.0030 0 0 http://www.linux.com/

110 10 0.011 O O http://www.thelinuxshow.com/main.php3
150 10 0.015 0 0O usd 1234.00

170 10 0.017 0 0O he said she said he said no

RE: \b(\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

50 10 0.0050 0 0 http://www.linux.com/

120 10 0.012 0 0 http://www.thelinuxshow.com/main.php3
190 10 0.019 0 O usd 1234.00

270 10 0.027 0 0 he said she said he said no

Total time taken: 1552

Regular expression library:
org.apache.oro.text.regex.Perl5Matcher

RE N Rie( = :1]E8) o0/ o) 2 Fjee/ Jeapra 1029 JeE) N Ra(uk. %)

MS MAX AVG MIN DEV INPUT

130 10 0.013 0 O http://www.linux.com/

220 10 0.022 0 0 http://www.thelinuxshow.com/main.php3
731 20 0.0731 0 0 usd 1234.00

1912 80 0.1912 0 1 he said she said he said no

RE: usd [+-]1?[0-9]1+.([0-9]([0-9]
MS MAX AVG MIN DEV INPUT
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30 10 0.0030 O
40 10 0.0040 O
70 10 0.0070 O
110 10 0.011 O

http://www.linux.com/
http://www.thelinuxshow.com/main.php3
usd 1234.00

he said she said he said no

O O O O

RE: \b(\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

71 11 0.0071 0 O http://www.linux.com/

201 11 0.0201 0 O http://www.thelinuxshow.com/main.php3
251 11 0.0251 0 0 usd 1234.00

321 11 0.0321 0 0 he said she said he said no

Total time taken: 2404

Regular expression library: RegularExpression.RE

RE : 00" (SRS 5k) s /77 )WZn (R epdlem)a(s 00 ]=)ma? (/. *)

MS MAX AVG MIN DEV INPUT

201 11 0.0201 0 http://www.linux.com/

441 20 0.0441 http://www.thelinuxshow.com/main.php3
661 20 0.0661 usd 1234.00

841 20 0.0841 he said she said he said no

o O O O
o O O

REZ usd AEG=12400-91] +. h0=9]4['0-9]

MS MAX AVG MIN DEV INPUT

190 10 0.019 0 O http://www.linux.com/

351 11 0.0351 0 O http://www.thelinuxshow.com/main.php3
3424 20 0.3424 0 1 usd 1234.00

3585 20 0.3585 0 1 he said she said he said no

RE: \b(\w+) (\s+\1)+\b

MS MAX AVG MIN DEV INPUT

110 10 0.011 0 O http://www.linux.com/

240 10 0.024 0 0 http://www.thelinuxshow.com/main.php3
381 11 0.0381 0 0 usd 1234.00

491 11 0.0491 0 0 he said she said he said no

Total time taken: 4967

Regular expression library: dk.brics.automaton.RegExp

RE: ©( ([ %2 )+ /772 (E=2/1+) (: ([0-9]1+))2(/.%)
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MS MAX AVG MIN DEV INPUT

0 0 0.0
0 00.0

40
50

RE:

RE:

MS
10
40
40
50

Total time taken:

0 0 http://www.linux.com/
0 0 http://www.thelinuxshow.com/main.php3

10 0.0040 0 O wusd 1234.00
10 0.0050 0 O he said she said he said no

usd [+-]2[0-9]1+.[0-9][0-9]

MS MAX AVG MIN DEV INPUT

0 0 0.0 0 0 http://www.linux.com/

10 10 0.0010 0 O http://www.thelinuxshow.com/main.php3
110 10 0.011 0 O usd 1234.00

130 10 0.013 0 0 he said she said he said no

\b (\w+) (\s+\1)+\b
DEV INPUT

MAX AVG MIN

10 0.0010
10 0.0040
10 0.0040
10 0.0050

0
0
0
0

0
0
0
0

http://www.linux.com/
http://www.thelinuxshow.com/main.php3
usd 1234.00

he said she said he said no

541

Regular expression library:
com.karneim.util.collection.regex.Pattern

RE:

MS
20
40
50
80

RE:

MS
10
10

RE:

STl /)2 (07 /1) (2 ([0-914)) 2 (/. %)
MAX AVG MIN DEV INPUT

10 0.0020
10 0.0040
10 0.0050
10 0.0080

o o O O

O O O O

http://www.linux.com/
http://www.thelinuxshow.com/main.php3
usd 1234.00

he said she said he said no

usd [+-]2[0-9]1+.[0-9]1[0-9]
MAX AVG MIN DEV INPUT
10 0.0010 0 O http://www.linux.com/
10 0.0010 0 O http://www.thelinuxshow.com/main.php3
101 11 0.0101 O O usd 1234.00
111 11 0.0111 0 O he said she said he said no

\b (\w+) (\s+\1) +\b
MS MAX AVG MIN DEV INPUT
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10 10 0.0010 0 O http://www.linux.com/

30 10 0.0030 0 0 http://www.thelinuxshow.com/main.php3
50 10 0.0050 0 0 usd 1234.00

70 10 0.0070 0 0 he said she said he said no

Total time taken: 481
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import org.fire.regexp.*;
import org.fire.regexp.writers.abstractMatcher.*;

public class lnatmapr extends CharArrayMatcher({
private final boolean[] state_arr = {false, false,true, false};

public lnatmapr () {

super (" (alb) *abb") ;
this.regex = "(al|b) *abb";
this.state = 3;

}

public boolean find() {

if (current + 1 == length){ return false; }

char nextChar = "0’;

start = current;

lastMatch = -1;

state = 3;

for (current = start;current < length;current++) {

nextChar = arrayBuffer[current];
switch(state) {
case 0:
if (nextChar == ’"a’) {
state = 1; break;
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}else if (nextChar == ’'b’){

state = 2; break;

}else { if{(current < length = 1) {

if (lastMatch == -1) { current++; find(); }
else{ return true; } }else{

return (lastMatch != -1); }
}
case 1:
if (nextChar == "b’) {
state = 0; break;
}else if (nextChar == ’"a’) {

state = 1; break;
}else { if(current < length - 1){

if (lastMatch == -1) { current++; find(); }
else{ return true; } l}else{

return (lastMatch != -1); }

}
case 2:

lastMatch = current;

if (nextChar == "a’){
state = 1; break;

}else if (nextChar == "b’) {

state = 3; break;

}else { return true;}

case 3:

if (nextChar == "a’) {

state = 1; break;

}else 1if (nextChar == "b’){

state = 3; break;

}else { if(current < length - 1) {

if(lastMatch == -1) { current++; find(); }
else{ return true; } }else{
return (lastMatch != -1); }

}
}
}

if (state_arr[state]){ lastMatch = current;
return true; }else{ return false;}

}
public boolean matches () {
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char nextChar = "0’;

state = 3;
start = 0;
for (current = 0;current < length;current++) {

nextChar = arrayBuffer[current];
switch(state) {
case 0:
if (nextChar == "a’) {
state = 1; break;
}else if (nextChar == ’'b’){
state = 2; break;
}else { return false; }
case 1:
if (nextChar == "a’){
state = 1; break;
}else if (nextChar == "b’) {
state = 0; break;
}else { return false; }
case 2:
if (nextChar == "a’) {
state = 1; break;
}else if (nextChar == ’'b’) {
state = 3; break;
}else { break; }
case 3:
if (nextChar == '"b’) {
state = 3; break;
}else if (nextChar == ’"a’){
state = 1; break;
}else { return false; }
}
}

return state_arr[state];
}
}
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.class public lnatmapr
.super org/fire/regexp/writers/abstractMatcher/CharArrayMatcher

; constructor

.method public <init>()V

.limit stack 5

aload_0

ldc " (al|b) *abb"

invokenonvirtual
org/fire/regexp/writers/abstractMatcher/
CharArrayMatcher/<init>(Ljava/lang/String;)V
aload_0

ldc " (a|b) *abb"

putfield org/fire/regexp/Matcher/regex Ljava/lang/String;
aload_0

bipush 3

putfield org/fire/regexp/Matcher/start I

return
.end method

; find
.method public find()Z
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.limit stack 10
.limit locals 5

aload_0

bipush 3

putfield org/fire/regexp/Matcher/state I
aload_0

getfield
org/fire/regexp/writers/abstractMatcher/CharArrayMatcher/current I
istore_1

iload_1

bipush 0

if_icmpeq CONTINUE

aload_0

iload_1

putfield org/fire/regexp/Matcher/start I

CONTINUE:

aload_0

getfield
org/fire/regexp/writers/abstractMatcher/CharArrayMatcher/length I
istore 4

iinc 4 -1

iload 4

iload_1

if_icmpeq STATE_ERROR

aload_0

getfield org/fire/regexp/Matcher/start I

aload_0

swap

putfield
org/fire/regexp/writers/abstractMatcher/CharArrayMatcher/current I
aload_0

getfield
org/fire/regexp/writers/abstractMatcher/CharArrayMatcher/current I
istore_1

aload_0

getfield

org/fire/regexp/writers/abstractMatcher
/CharArrayMatcher/arrayBuffer [C

astore_2
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goto STATE_3

STATE_O:

aload_2

iload_1

caload

istore_3

iinc 1 1

iload_1

iload 4

if_icmpge STATE_ERROR
bipush 97

iload_3

if_icmpeq STATE_1
bipush 98

iload_3

if_icmpeqg STATE_2
goto STATE_ERROR

STATE_1:

aload_2

iload_1

caload

istore_3

iinc 1 1

iload_1

iload 4

if_icmpge STATE_ERROR
bipush 98

iload_3

if_icmpeq STATE_O
bipush 97

iload_3

if_icmpeq STATE_1
goto STATE_ERROR

STATE_2:
aload_2
iload_1
caload
istore_3
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iinc 1 1

iload_1

iload 4

if_icmpge STATE_ERROR
bipush 97

iload_3

if_icmpeq STATE_1
bipush 98

iload_3

if_icmpeqg STATE_3
goto STATE_OK

STATE_3:

aload_2

iload_1

caload

istore_3

iinc 1 1

iload_1

iload 4

if_icmpge STATE_ERROR
bipush 97

iload_3

if_icmpeq STATE_1
bipush 98

iload_3

if_icmpeq STATE_3
goto STATE_ERROR

STATE_OK:

aload_0

iload_1

putfield org/fire/regexp/writers/
abstractMatcher/CharArrayMatcher/current I
iconst_1

ireturn

STATE_ERROR:
iconst_0
ireturn
.end method
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; matches

.method public matches ()2
iconst_0

ireturn

.end method
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