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Me epifÔlaxh pantìc dikai¸matoc.

ApagoreÔetai h antigraf , apoj keush kai dianom  thc paroÔsac ergasÐac, ex olokl rou
  tm matoc aut c, gia emporikì skopì. Epitrèpetai h anatÔpwsh, apoj keush kai dianom 
gia skopì mh kerdoskopikì, ekpaideutik c   ereunhtik c fÔshc, upì thn proôpìjesh na
anafèretai h phg  proèleushc kai na diathreÐtai to parìn m numa. Erwt mata pou aforoÔn
th qr sh thc ergasÐac gia kerdoskopikì skopì prèpei na apeujÔnontai proc ton suggrafèa.





EuqaristÐec

Ja  jela na ekfr�sw tic egk�rdiec euqaristÐec mou proc touc goneÐc mou, pou me tic
jusÐec kai thn poludi�stath st rixh touc me bo jhsan kaj' ìlh th di�rkeia twn proptuqi-
ak¸n spoud¸n mou. Aisj�nomai epÐshc eugn¸mwn apènanti ston Kajhght  k. TÐmo Sell 
ìqi mìno gia thn epÐbleyh thc diplwmatik c all� kai gia thn anjr¸pinh prosèggis  tou se
mÐa seir� akadhmaðk¸n jem�twn pou me apasqìlhsan kat� kairoÔc. Euqarist¸, tèloc, touc
Jodwr  Dalam�gka kai Stèfano Sould�to gia thn upomonetik  kajod ghsh kai anektÐmhth
suneisfor� touc sth suggraf  thc paroÔsac diplwmatik c ergasÐac.
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PerÐlhyh

Wc h de facto tupopoÐhsh gia thn anapar�stash kai antallag  plhroforÐac p�nw apì
to DiadÐktuo, h gl¸ssa XML èqei qrhsimopoihjeÐ ekten¸c se pollèc efarmogèc. Duna-
tìthtec gia erwt seic parèqontai mèsa apì apì erwt seic dendrikoÔ protÔpou, pou eÐnai
oi kÔriec sunist¸sec twn tupopoihmènwn XML glwss¸n erwt sewn, ìpwc h XPath kai h
XQuery. MÐa dendrik  er¸thsh mporeÐ na montelopoihjeÐ wc èna dèntro me shmasmènouc
kìmbouc, ìpou oi kìmboi shmaÐnontai me diaforetikèc epikefalÐdec, kai oi akmèc antiprosw-
peÔoun sqèseic eÐte gonèa-paidioÔ   progìnou-apogìnou. Epitrèpontac th sqèsh progìnou-
apogìnou, oi dendrikèc erwt seic parèqoun k�poia eleujerÐa ston kajorismì thc dendrik c
dom c. Wstìso, exakoloujoÔn na apaitoÔn th seir� di�taxhc twn kìmbwn thc er¸thshc.
Sthn perÐptwsh pou eÐte den xèroume to sq ma   th dom  thc plhroforÐac tou dosmènou
XML sunìlou dedomènwn eÐte prèpei na enswmat¸soume diaforetikèc phgèc dedomènwn me
diaforetikèc dendrikèc domèc, h dom  enìc monopatioÔ sto dendrikì prìtupo prèpei na afejeÐ
pio qalar .

H diplwmatik  ergasÐa stoqeÔei apì th mÐa sthn antimet¸pish tou zht matoc mÐac nèac
gl¸ssac erwt sewn pou epitrèpei merik¸c kajorismènec XML erwt seic monopatioÔ kai
apì thn �llh sthn exereÔnhsh apodotik¸n algìrijmwn apotÐmhshc gia aut n thn kl�sh
erwt sewn.

Lèxeic Kleidi�

XML, erwt seic monopatioÔ merik c dom c, gl¸ssa erwt sewn, algìrijmoi apotÐmhshc
gia erwt seic dendrikoÔ protÔpou kai protÔpou monopatioÔ, PathStack, PartialMJ, Partial-
PathStack
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Abstract

As a de facto standard for information representation and exchange over the internet,
XML has been used extensively in many applications. Query capabilities are provided
through twig queries, which are the core components for standard XML query languages,
e.g. XPath and XQuery. A twig query can be modeled as a node labeled tree, where nodes
are labeled with different tags, and edges represent either the Parent-Child or Ancestor-
Descendant relationships. By allowing ancestor-descendant relationship, twig queries pro-
vide some freedom in the specification of a tree structure; however, they still require the
precedence order between query nodes. In case we either don’t know the schema or struc-
ture information of the given XML data set or we need to integrate multiple data sources
with different tree structures, the structure of a path in a tree pattern has to be relaxed.

The current diploma thesis aims on the one hand at addressing the issue of a new
query language that allows for partially structured path pattern XML queries and on the
other hand at exploring efficient evaluation algorithms for this class of queries.

Keywords

XML, partial path pattern queries, query language, evaluation algorithms for path and
twig pattern queries, PathStack, PartialMJ, PartialPathStack
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Kef�laio 1

Eisagwg 

H gl¸ssa XML (Extensible Markup Language) ([26]) èqei qrhsimopoihjeÐ ekten¸c wc
h de facto tupopoÐhsh/gl¸ssa gia thn anapar�stash plhroforÐac kai thn antallag  dedo-
mènwn p�nw apì to DiadÐktuo. 'Ena èggrafo XML perièqei ierarqik� emfwleumèna stoiqeÐa
kai mporeÐ na montelopoihjeÐ kat� fusikì trìpo wc mÐa dentrik  dom , ìpou oi kìmboi an-
tiproswpeÔoun ta stoiqeÐa, en¸ oi akmèc tic domikèc sqèseic   sqèseic suggèneiac metaxÔ
twn kìmbwn tou XML dèntrou. Ter�stioi ìgkoi dedomènwn organ¸nontai   ex�gontai se
aut  th dendrik  morf  kai h epijumht  plhroforÐa mporeÐ na apokthjeÐ mèsw dendrik¸n
erwt sewn, pou apoteloÔn ton pur na twn glwss¸n èkfrashc XML erwt sewn, ìpwc h
XPath ([27]) kai h XQuery ([28]). MÐa tètoia er¸thsh mporeÐ na montelopoihjeÐ wc èna
dèntro me shmasmènouc kìmbouc, ìpou oi kìmboi shmaÐnontai me to antÐstoiqo stoiqeÐo proc
anaz thsh tou XML eggr�fou, en¸ oi akmèc anaparistoÔn eÐte domikèc sqèseic gonèa-paidioÔ
  domikèc sqèseic progìnou-apogìnou. Sth sunèqeia, h XML er¸thsh apotim�tai me b�sh
k�poion algìrijmo apotÐmhshc XML erwt sewn, apì touc polloÔc pou èqoun protajeÐ sth
bibliografÐa, kai epistrèfetai to sÔnolo twn apotelesm�twn. Gia par�deigma, oi dÔo erwt -
seic monopatioÔ tou Sq matoc 1.2 mporoÔn na qrhsimopoihjoÔn gia thn exagwg  qr simhc
plhroforÐac apì èna XML èggrafo, ìpou to sÔmbolo | dhl¸nei sqèsh gonèa-paidioÔ.

Sq ma 1.1: DÔo XML èggrafa apì diaforetikèc phgèc me diaforetik  dom .

17
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Epitrèpontac domikèc sqèseic progìnou-apogìnou kai patèra-paidioÔ, oi XML dendrikèc
erwt seic parèqoun k�poia eleujerÐa ston kajorismì mÐac dendrik c dom c. 'Ena perior-
istikì, wstìso, qarakthristikì aut¸n twn erwt sewn eÐnai ìti apaitoÔn mÐa olik  di�taxh
metaxÔ twn kìmbwn k�je monopatioÔ thc dendrik c er¸thshc. Gia par�deigma, sthn pr¸th
er¸thsh tou Sq matoc 1.2, o kìmboc me th s mansh films prèpei na eÐnai gonèac tou kìmbou
me th s mansh film, kai o deÔteroc kìmboc prèpei me th seir� tou na eÐnai gonèac tou kìmbou
me th s mansh year. Autìc o periorismìc ston kajorismì mÐac dom c monopatioÔ mporeÐ
wstìso na dhmiourg sei shmantik� probl mata sthn pr�xh.

Sq ma 1.2: DÔo Erwt seic MonopatioÔ.

Sthn perÐptwsh pou de gnwrÐzoume to sq ma   th dom  thc plhroforÐac tou dosmè-
nou XML eggr�fou, tìte den èqei nìhma na gr�youme mÐa er¸thsh kajorÐzontac thn olik 
di�taxh twn kìmbwn se k�je monop�ti thc dendrik c er¸thshc, afoÔ aut  h olik  di�taxh
mac eÐnai �gnwsth. Akìma ìmwc ki ìtan to sq ma   h dom  thc XML plhroforÐac eÐnai
diajèsima, an jel soume na p�roume ìlh th qr simh plhroforÐa apì di�forec phgèc me di-
aforetik  ìmwc dom , tìte den mporoÔme na qrhsimopoi soume mÐa mìno XML er¸thsh me
olik  di�taxh, all� prèpei na gr�youme mÐa tètoia er¸thsh gia k�je topojesÐa thc katanemh-
mènhc XML b�shc dedomènwn. Gia par�deigma, h pr¸th er¸thsh tou Sq matoc 1.2 mporeÐ na
qrhsimopoihjeÐ gia na exag�gei qr simh plhroforÐa gia thn topojesÐa Athens thc katanemh-
mènhc XML b�shc dedomènwn tou Sq matoc 1.1, en¸ h deÔterh er¸thsh gia thn topojesÐa
Thessaloniki. Profan¸c, ìtan o arijmìc twn diaforetik¸n phg¸n gÐnetai polÔ meg�loc,
tìte eÐnai mh praktikì na upob�lloume diaforetikèc erwt seic se k�je phg  dedomènwn,
pìso m�llon ìtan up�rqoun kai phgèc pou to sq ma   h dom  thc plhroforÐac touc eÐnai
mh diajèsima. Oi paradosiakoÐ kanìnec antistoÐqishc metaxÔ enìc kajolikoÔ sq matoc kai
tou topikoÔ sq matoc eÐnai polÔplokoi kai mporeÐ na odhg soun se l�jh, en¸ eÐnai meg�lo
b�roc na diathroÔntai oi kanìnec antistoÐqishc metaxÔ tou olikoÔ sq matoc kai k�je phg c
dedomènwn. Koinìc paronomast c kai stic dÔo parap�nw peript¸seic eÐnai h epijumÐa mac
gia qal�rwsh tou periorismoÔ thc olik c di�taxhc metaxÔ twn kìmbwn k�je monopatioÔ thc
dendrik c er¸thshc. Sugkekrimèna, epijumoÔme na gr�foume XML erwt seic ìpou oi sqè-
seic twn kìmbwn sta di�fora monop�tia eÐnai merik¸c kajorismènec kai den up�rqei olik 
di�taxh, ìpwc prohgoumènwc. Proc aut n thn kateÔjunsh qreiazìmaste mÐa gl¸ssa XML
erwt sewn monopatioÔ me merik¸c kajorismènh di�taxh, dhlad  mÐa gl¸ssa ìpou ta upì
er¸thsh prìtupa monopatioÔ den eis�goun mÐa olik  sqèsh suggèneiac metaxÔ twn diafìrwn
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kìmbwn thc er¸thshc, all� antÐjeta up�rqei h eleujerÐa na af noume akajìristh th domik 
sqèsh metaxÔ kìmbwn thc XML er¸thshc.

Bèbaia, h tupopoihmènh gl¸ssa erwt sewn XML, XQuery, kaj¸c kai h gl¸ssa XPath
pou qrhsimopoieÐ, epitrèpoun prìtupa pou de sqhmatÐzoun èna pl rec monop�ti   dèntro.
Gia par�deigma, ac jewr soume thn epìmenh XPath èkfrash pou perilamb�nei an�strofouc
�xonec kai asterÐskouc: //films/film[descendant− or− self :: ∗[ancestor− or− self ::
year]]. Aut  h er¸thsh rwt�ei gia touc film kìmbouc se monop�tia pou epÐshc perièqoun
year kìmbouc, ìpou o film kìmboc eÐnai p�nta paidÐ tou films kìmbou, all� kamÐa kajorismènh
sqèsh den apaiteÐtai metaxÔ tou kìmbou year kai twn upìloipwn dÔo kìmbwn. Upì aut  thn
ènnoia, prìkeitai gia mÐa er¸thsh monopatioÔ merik c dom c ìpou h dom  tou monopatioÔ eÐnai
mìno merik¸c ki ìqi olik¸c kajorismènh. O Oltenau kai �lloi ([19], [20]) èqoun deÐxei oi
XPath erwt seic me an�strofouc �xonec ìpwc h parap�nw mporoÔn isodÔnama na grafoÔn
san èna sÔnolo apì denrikèc erwt seic olik c di�taxhc. Wstìso, deÐqnoun epÐshc ìti autìc o
metasqhmatismìc mporeÐ na odhg sei se ekjetik  èkrhxh wc proc ton arijmì twn dendrik¸n
erwt sewn. EpÐshc, o Gottlob kai �lloi ([21]) èqoun apodeÐxei ìti h poluplokìthta thc
XPath eÐnai P-hard.

EÐnai loipìn profanèc ìti gia na antimetwpÐsoume aut� ta probl mata, prèpei na uio-
jet soume nèec gl¸ssec XML erwt sewn monopatioÔ pou aÐroun thn an�gkh gia ton pros-
diorismì thc olik c di�taxhc metaxÔ twn kìmbwn kai epitrèpoun merik¸c kajorismènec domèc.
Dedomènou m�lista ìti oi up�rqousec mèjodoi apotÐmhshc XML erwt sewn de lamb�noun
mèrimna gia thn perÐptwsh twn erwt sewn merik c di�taxhc eÐnai shmantikì na anaptuqjoÔn
kat�llhlec teqnikèc kai algìrijmoi pou na apotimoÔn apodotik� tètoiec erwt seic monopa-
tioÔ merik c dom c.

1.1 AntikeÐmeno thc Diplwmatik c ErgasÐac

H paroÔsa diplwmatik  ergasÐa asqoleÐtai me tic XML erwt seic monopatioÔ merik c
dom c, dhlad  me erwt seic monopatioÔ ìpou oi sqèseic metaxÔ twn diafìrwn kìmbwn thc
er¸thshc mporoÔn na eÐnai mh kajorismènec. BasÐzetai kat� polÔ meg�lo mèroc stic ergasÐec
pou èqoun prohghjeÐ sto Ergast rio Susthm�twn B�sewn Gn¸sewn kai Dedomènwn kai
idiaÐtera sth doulei� tou Jodwr  Dalam�gka kai tou Stèfanou Sould�tou.

Sugkekrimèna, sta plaÐsia aut c thc diplwmatik c ergasÐac orÐzetai mÐa gl¸ssa XML
erwt sewn monopatioÔ merik c dom c. H gl¸ssa aut  k�nei qr sh enìc montèlou gr�fou
gia tic erwt seic kai eis�gei orismènec polÔ shmantikèc ènnoiec, ìpwc autèc thc pl rouc
morf c, thc ikanopoihsimìthtac, tou pleonasmoÔ kìmbwn kai thc kanonik c morf c. Qrhsi-
mopoieÐ èna sÔnolo apì alhjeÐc kai pl reic kanìnec paragwg c domik¸n sqèsewn mèsw twn
opoÐwn eÐnai dunatì na metasqhmatÐzoume th dosmènh er¸thsh se isodÔnamec morfèc. EÐ-
nai mÐa arket� genik  gl¸ssa ¸ste na mporeÐ na perilamb�nei apì th mÐa pleur� erwt seic
monopatioÔ me olik  di�taxh kai apì thn �llh erwt seic qwrÐc domikèc sqèseic (kìmboi pou
brÐskontai sto Ðdio monop�ti qwrÐc ìmwc na prosdiorÐzontai oi metaxÔ touc domikèc sqèseic).
Aut  h gl¸ssa mporeÐ na ekfr�sei diaforetikoÔc tÔpouc XPath ekfr�sewn san aut  pou
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anafèrjhke pio p�nw kai èqei ploÔsia ekfrastik  isqÔ diathr¸ntac ìmwc thn aplìthta pou
prèpei na qarakthrÐzei k�je gl¸ssa erwt sewn.

EpÐshc, sthn ergasÐa aut  antimetwpÐzoume to prìblhma thc apodotik c apotÐmhshc
erwt sewn monopatioÔ merik c dom c. MÐa tètoia er¸thsh mporeÐ isodÔnama na ekfrasteÐ wc
èna sÔnolo apì erwt seic monopatioÔ olik c dom c/di�taxhc. Up�rqoun arketoÐ algìrijmoi
sth bibliografÐa gia thn apotÐmhsh erwt sewn monopatioÔ. Gia par�deigma, o Bruno kai �l-
loi [2] parèqoun ènan algìrijmo pou eÐnai asumptwtik� bèltistoc gia erwt seic monopatioÔ
pou den perièqoun epanal yeic tou Ðdiou stoiqeÐou/s manshc stouc kìmbouc thc er¸thsh-
c. Wstìso, sÔmfwna kai me ìsa anafèrjhsan pio p�nw, autì to isodÔnamo sÔnolo mporeÐ
na perièqei ènan arijmì apì erwt seic monopatioÔ, pou mporeÐ na eÐnai ekjetikìc wc proc
ton arijmì twn kìmbwn thc er¸thshc, kajist¸ntac to kìstoc aut c thc teqnik c apagore-
utikì. Epomènwc, antÐ na prosanatolistoÔme se teqnikèc pou dhmiourgoÔn to isodÔnamo
sÔnolo erwt sewn monopatioÔ olik c dom c, esti�zoume se mejìdouc pou mporoÔn �mesa na
epexergastoÔn kai na tairi�xoun th merik  er¸thsh sto XML dèntro dedomènwn.

Prokeimènou na bg�loume qr sima sumper�smata gia touc di�forouc proteinìmenouc s-
ta plaÐsia thc diplwmatik c algìrijmouc, probaÐnoume kai sthn ulopoÐhs  touc sthn an-
tikeimenostref  gl¸ssa programmatismoÔ C++, dÐnontac idiaÐtero b�roc stic teqnikèc lep-
tomèreiec, en¸ axiologoÔme peiramatik� touc algìrijmouc autoÔc me th bo jeia di�forwn
erwt sewn se benchmarks XML arqeÐa. H peiramatik  axiolìghsh mac epitrèpei na epalh-
jeÔsoume ta jewrhtik¸c anamenìmena apotelèsmata me praktik� apotelèsmata, enisqÔontac
me autìn ton trìpo thn isqÔ twn sumperasm�twn mac.

Bèbaia, an kai to kurÐwc antikeÐmeno thc paroÔsac ergasÐac sqetÐzetai me tic XML
erwt seic monopatioÔ merik c dom c, exet�zontai mÐa seir� apì paremfer    bohjhtik� jè-
mata, pou apoteloÔn sthn ousÐa to upìbajro gia thn an�ptuxh twn kÔriwn jem�twn. MetaxÔ
aut¸n eÐnai eisagwgik� stoiqeÐa gia thn XML gl¸ssa kaj¸c kai gia tic gl¸ssec erwt sewn
XQuery kai XPath, kaj¸c kai mÐa k�pwc ektetamènh bibliografik  anafor� p�nw se up-
�rqousec teqnikèc apotÐmhshc XML erwt sewn monomatioÔ   dendrik¸n erwt sewn olik c
dom c.

1.2 Org�nwsh tou Tìmou

H diplwmatik  ergasÐa eÐnai organwmènh se ept� kef�laia.
To parìn kef�laio apoteleÐ thn eisagwg .
To Kef�laio 2 eÐnai èna sÔntomo egqeirÐdio thc XML kaj¸c kai twn glwss¸n erwt sewn

XQuery kai XPath. ExhgoÔntai oi basikèc arqèc twn glwss¸n kai dÐdontai paradeÐgmata
gia thn eukolìterh katanìhs  touc.

To Kef�laio 3 parousi�zei to jewrhtikì upìbajro kai tic kÔriec idèec gia touc algìrij-
mouc apotÐmhshc pou proteÐnontai sth diplwmatik  ergasÐa, se mÐa ektetamènh bibliografik 
anafor�. Arqik�, gÐnetai anafor� se orismènec prokatarktikèc ènnoiec, ìpwc sto montèlo
dedomènwn thc gl¸ssac XML, se dÔo sq mata kwdikopoÐhshc jèshc se XML èggrafa,
sugkekrimèna sthn kwdikopoÐhsh jèshc me qr sh anestrammènwn eurethrÐwn kai sto sq ma
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ektetamènhc kwdikopoÐhshc Dewey, kai se di�forouc tÔpouc eurethrÐwn gia grhgorìterh
epexergasÐa erwt sewn. 'Epeita parousi�zontai mèjodoi gia apotÐmhsh erwt sewn me d-
uadikèc domikèc sqèseic: h mÐa prosèggish basÐzetai se sust mata diaqeÐrishc sqesiak¸n
b�sewn dedomènwn, en¸ h �llh se apodotikèc duadikèc domikèc sqèseic. Sth sunèqeia,
analÔontai ekten¸c oi algìrijmoi PathStack kai TwigStack ([2]) gia erwt seic monopatioÔ
kai dendrik c morf c antÐstoiqa. Eidik� o algìrijmoc PathStack apoteleÐ to upìbajro
gÔrw apì ton opoÐo anaptÔssontai oi algìrijmoi tou KefalaÐou 5 kai de ja  tan uper-
bol  na ton qarakthrÐsoume wc ton pur na thc paroÔsac diplwmatik c ergasÐac. Katìpin,
anafèrontai di�forec teqnikèc gia belti¸seic twn algorÐjmwn PathStack kai TwigStack,
en¸ to Kef�laio kleÐnei me mÐa anafor� se teqnikèc pou akoloujoÔn to sq ma ektetamènhc
kwdikopoÐhshc Dewey gia thn anapar�stash jèshc.

To Kef�laio 4 apoteleÐtai apì dÔo mèrh. Sto pr¸to mèroc, anaptÔssetai mÐa gl¸ssa
XML erwt sewn monopatioÔ merik c dom c, h opoÐa uperbaÐnei tic duskolÐec pou anafèr-
jhkan diexodik� sthn arq  tou parìntoc KefalaÐou. OrÐzetai èna sÔnolo apì alhjeÐc
kai pl reic kanìnec paragwg c pou qarakthrÐzoun pl rwc thn paragwg  domik¸n sqèsewn
kai pou h epaneilhmmènh efarmog  touc odhgeÐ sthn isodÔnamh pl rh morf  thc arqik c
er¸thshc. Eis�getai h ènnoia thc mh ikanopoihsimìthtac, afoÔ se antÐjesh me tic erwt seic
monopatioÔ olik c di�taxhc, oi erwt seic merik c dom c mporoÔn na eÐnai mh ikanopoi simec.
DÐnontai m�lista kai oi ikanèc kai anagkaÐec sunj kec gia mh ikanopoihsimìthta. EpÐshc,
exet�zetai h ènnoia twn pleon�zontwn kìmbwn, dhlad  kìmbwn pou mporoÔn na apomakrun-
joÔn apì thn er¸thsh qwrÐc na ephre�zetai h shmasÐa thc er¸thshc, parèqontac tautìqrona
k�poia prìtupa pou aplopoioÔn thn eÔresh tètoiwn kìmbwn. Tèloc, deÐqnoume p¸c mporoÔme
na metasqhmatÐsoume thn arqik  er¸thsh monopatioÔ sthn isodÔnamh kanonik  thc morf ,
pou eÐnai ènac kateujunìmenoc akuklikìc gr�foc. Sto deÔtero mèroc, anaptÔssontai algìri-
jmoi apotÐmhshc erwt sewn monopatioÔ merik c dom c. Arqik� anaptÔssetai o basismènoc
se stoÐbec algìrijmoc PartialMJ. O PartialMJ ex�gei èna epikalÔpton dèndro apì thn
kanonik  morf  thc er¸thshc. QrhsimopoieÐ mÐa epèktash tou PathStack gia na upologÐsei
ta apotelèsmata ìlwn twn monopati¸n apì th rÐza proc ta fÔlla tou epikalÔptontoc dèn-
drou. Aut� ta apotelèsmata par�gontai taxinomhmèna wc proc th rÐza−proc−fÔllo di�taxh
tou XML dèndrou kai sugqwneÔontai gia na upologÐsoume thn telik  ap�nthsh sthn arqik 
er¸thsh. O PartialMJ mporeÐ ìmwc na dhmiourg sei poll� endi�mesa apotelèsmata gia
ta di�fora monop�tia apì th rÐza proc ta fÔlla tou mh epikaluptìmenou dèndrou pou de
suneisfèroun sthn telik  lÔsh. Gia na xeper�soume autì to prìblhma, anaptÔssoume ènan
kainoÔrio olistikì basismèno se stoÐbec algìrijmo, ton PartialPathStack, o opoÐoc ekmet-
alleÔetai mÐa topologik  di�taxh twn kìmbwn thc er¸thshc sthn kanonik c thc morf , kai
prospajeÐ na tairi�xei thn kanonik  morf  sunolik� p�nw sto XML dèndro. AnalÔoume
thn poluplokìthta tou PartialPathStack kai deÐqnoume ìti eÐnai anex�rthtoc apì endi�mesa
apotelèsmata.

Sto Kef�laio 5 anafèrontai oi teqnikèc leptomèreiec twn ulopoihmènwn algorÐjmwn
PathStack, PartialMJ, PartialPathStack.

Sto Kef�laio 6 probaÐnoume se mÐa ekten  peiramatik  axiolìghsh. H peiramatik  axi-
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olìghsh deÐqnei ektìc twn �llwn thn ex�rthsh tou PartialMJ apì ta endi�mesa apotelès-
mata kai thn anwterìthta tou PartialPathStack.

Sto Kef�laio 7 epiqeireÐtai mÐa sÔnoyh thc diplwmatik c ergasÐac kai gÐnetai anafor�
se endiafèrousec mellontikèc epekt�seic.

Sto tèloc tou tìmou parousi�zetai h sqetik  bibliografÐa.



Kef�laio 2

TeqnologÐec XML kai Gl¸ssa
Erwt sewn XQuery

Se autì to kef�laio ja parousi�soume th gl¸ssa XML, th morf  twn XML dedomènwn,
gl¸ssec orismoÔ sq matoc, kaj¸c kai tic gl¸ssec XPath kai XQuery. Up�rqoun poll�
akìma shmantik� jèmata sth gl¸ssa XML, ìpwc h gl¸ssa metasqhmatismoÔ XSL, ta opoÐa
de jÐgoume sta plaÐsia thc paroÔsac diplwmatik c ergasÐac. O endiaferìmenoc anagn¸sthc
parapèmpetai sto [26], to opoÐo kalÔptei ìla ta epÐkaira jèmata èreunac kai an�ptuxhc
thc gl¸ssac XML, en¸ gia mÐa sunoptik  anaskìphsh thc XML parapèmpoume sto [25]
(Kef�laio 10).

2.1 TeqnologÐec XML

2.1.1 Upìbajro

H gl¸ssa XML (Extensible Markup Language) eÐnai mÐa gl¸ssa s manshc. O ìroc
s mansh (markup) anafèretai se otid pote up�rqei se èna èggrafo pou den prìkeitai na
tupwjeÐ. Gia par�deigma, mporeÐ sto keÐmeno pou gr�foume gia thn efhmerÐda tou Polute-
qneÐou na up�rqoun shmei¸seic gia to p¸c ja gÐnei h stoiqeiojèthsh   h ektÔpwsh. Autèc oi
shmei¸seic eÐnai shmantikì na mporoÔn na xeqwrÐsoun apì ta perieqìmena. Sthn hlektronik 
epexergasÐa eggr�fwn, mÐa gl¸ssa s manshc eÐnai mÐa tupik  perigraf  gia to poio mèroc
tou eggr�fou eÐnai perieqìmeno, poio eÐnai s mansh kai ti shmaÐnei h s mansh.

Oi gl¸ssec s manshc anaptÔqjhkan apì thn an�gkh gia ton orismì entol¸n gia ton
trìpo pou ja tup¸nontai mèrh enìc eggr�fou, gia na kajorÐzetai h leitourgÐa twn perieqomèn-
wn. H leitourgik  s mansh epitrèpei sto èggrafo na morfopoieÐtai diaforetik�, se di-
aforetikèc perist�seic. Bohj� epÐshc diaforetik� mèrh enìc eggr�fou na morfopoihjoÔn
me omoiìmorfo trìpo. Tautìqrona, h leitourgik  s mansh epitrèpei na automatopoihjeÐ h
exagwg  basik¸n tmhm�twn twn eggr�fwn.

Gia thn oikogèneia twn glwss¸n s manshc pou perilamb�noun tic HTML (Hyper-Text
Markup Language), SGML (Standard Generalized Markup Language) kai XML, h s mansh
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paÐrnei th morf  etiket¸n (tag) pou perikleÐontai se gwni¸deic agkÔlec, <>. Oi etikètec
qrhsimopoioÔntai se zeug�ria, me thn <tag> kai thn </tag> na qwrÐzoun thn arq  kai to
tèloc tou tm matoc tou eggr�fou sto opoÐo anafèretai h etikèta.

AntÐjeta ìmwc me thn HTML, h XML den perigr�fei to sÔnolo twn etiket¸n pou epitrè-
pontai kai to sÔnolo mporeÐ na exeidikeÔetai an�loga me thn perÐstash. Aut  h leitourgÐa
apoteleÐ to kleidÐ gia to basikì rìlo thc XML sthn anapar�stash kai antallag  twn
dedomènwn, ìpou h HTML qrhsimopoieÐtai basik� gia morfopoÐhsh eggr�fwn.

Gia par�deigma, ac jewr soume to XML èggrafo tou Sq matoc 2.1. To èggrafo autì
perièqei plhroforÐec gia touc kinhmatogr�fouc se mÐa pìlh, kaj¸c kai gia tic tainÐec pou
prob�llontai se kajènan apì autoÔc. Epiplèon parèqontai plhroforÐec gia di�fora stoi-
qeÐa tou kinhmatogr�fou   twn taini¸n pou mporeÐ na mac endiafèroun, ìpwc dieÔjunsh  
bajmologÐa antÐstoiqa, en¸ up�rqei eidik  mèrimna gia tic krat seic an� tainÐa.

Se sÔgkrish me thn apoj keush se mia b�sh dedomènwn, h anapar�stash XML mporeÐ
na eÐnai anapotelesmatik , afoÔ ta onìmata etiket¸n epanalamb�nontai se ìla ta èggrafa,
dhmiourg¸ntac auxhmènec apait seic apojhkeutikoÔ q¸rou. Wstìso, anex�rthta apì autì
to meionèkthma, h anapar�stash XML èqei poll� shmantik� pleonekt mata ìtan qrhsi-
mopoieÐtai gia antallag  dedomènwn:

(a) H parousÐa etiket¸n k�nei to m numa na tekmhri¸netai apì mìno tou, dhlad  de
qrei�zetai na anatrèxei kaneÐc se èna sq ma gia na katal�bei th shmasÐa tou keimènou.

(b) H morf  tou eggr�fou den eÐnai austhr . Ja mporoÔse k�poioc apostolèac sto
par�deigm� mac na prosjèsei epiplèon plhroforÐa, ìpwc thn etikèta <distribution-company>

pou shmei¸nei thn etairÐa dianom c thc tainÐac. O paral pthc twn dedomènwn mporeÐ apl�
na agno sei thn etikèta, an den mporeÐ na katano sei to perieqìmenì thc. H dunatìthta na
anagnwrÐzoume kai na agnooÔme mh anamenìmenec etikètec epitrèpei na anaptÔssetai h morf 
twn dedomènwn me to qrìno, qwrÐc na k�nei �kurec tic up�rqousec efarmogèc.

(g) AfoÔ h morf  XML eÐnai eurèwc apodekt , eÐnai diajèsimh mia meg�lh poikilÐa apì
ergaleÐa gia na bohj soun sthn epexergasÐa, ìpwc to logismikì browser kai ta ergaleÐa
b�sewn dedomènwn.

Gia ìlouc touc parap�nw lìgouc h XML gÐnetai h basik  morf  gia antallag  dedomè-
nwn.

2.1.2 Dom  twn XML Dedomènwn

H basik  dom  se èna XML èggrafo eÐnai to stoiqeÐo. 'Ena stoiqeÐo eÐnai apl¸c èna
zeug�ri apì etikètec arq c kai tèlouc kai ìlo to keÐmeno metaxÔ touc.

Ta XML èggrafa prèpei na èqoun èna stoiqeÐo rÐzac, pou perièqei ìla ta �lla stoiqeÐa
tou eggr�fou. Sto par�deigma tou Sq matoc 2.1, to stoiqeÐo <cinemas> sqhmatÐzei to
stoiqeÐo rÐzac. Epiplèon, ta stoiqeÐa se èna XML èggrafo prèpei na èqoun mpei swst� se
ènjesh, me èna trìpo pou jumÐzei th swst  ènjesh twn parenjèsewn se èna komm�ti k¸dika.

H swst  ènjesh mporeÐ na oristeÐ kai pio tupik�. Sugkekrimèna, lème ìti to keÐmeno
emfanÐzetai sto perib�llon enìc stoiqeÐou an emfanÐzetai metaxÔ twn etiket¸n arq c kai
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tèlouc autoÔ tou stoiqeÐou. Oi etikètec eÐnai swst� ènjetec an k�je etikèta arq c èqei
mia monadik , antÐstoiqh etikèta tèlouc, pou brÐsketai sto perib�llon tou Ðdiou gonikoÔ
stoiqeÐou.

To keÐmeno mèsa sthn embèleia enìc stoiqeÐou mporeÐ na anamiqjeÐ me ta upostoiqeÐa
tou stoiqeÐou, ìpwc faÐnetai kai sto stoiqeÐo cinema me name=”Apollon” sto Sq ma 2.1.
Aut  h eleujerÐa èqei perissìterh ènnoia se perib�llon epexergasÐac eggr�fwn par� se
perib�llon epexergasÐac dedomènwn kai den eÐnai idiaÐtera qr simh gia anapar�stash pio
domhmènwn dedomènwn, ìpwc perieqomènwn b�sewn dedomènwn.

Fusik�, mÐa polÔ spoudaÐa idiìthta thc XML eÐnai h dunatìthta na orÐzoume stoiqeÐa
mèsa se �lla stoiqeÐa, ìpwc kai sto XML èggrafo pou d¸same sto Sq ma 2.1. Qrhsi-
mopoi¸ntac aut  th dunatìthta mporoÔme na enjèsoume ìlec tic tainÐec pou prob�llontai
se èna kinhmatogr�fo mèsa sto stoiqeÐo tou kinhmatogr�fou, kai ìlec tic krat seic pou
antistoiqoÔn se mÐa tainÐa pou prob�lletai se èna dedomèno kinhmatogr�fo mèsa sto stoi-
qeÐo thc tainÐac. Se diaforetik  perÐptwsh, ja èprepe na qrhsimopoi soume k�poio anagn-
wristikì gia tic tainÐec kai touc kinhmatogr�fouc kai na qrhsimopoioÔsame k�poio epiplèon
stoiqeÐo pou na deÐqnei poia anagnwristik� taini¸n sundu�zontai me poia anagnwristik� k-
inhmatogr�fwn, ìpwc to movies in cinema tou Sq matoc 2.2, to opoÐo q�rin èlleiyhc q¸rou
den parèqei plhroforÐec gia ton kinhmatogr�fo ”Apollon”. OmoÐwc kai gia ta stoiqeÐa
tainÐec−krat seic.

Oi ènjetec anaparast�seic qrhsimopoioÔntai eurèwc se efarmogèc XML antallag c de-
domènwn, gia na apofeÔgontai oi sÔndesmoi (join). Gia par�deigma, mÐa efarmog  apostol c
ja prèpei na apojhkeÔei thn pl rh dieÔjunsh tou apostolèa kai tou paral pth epanalam-
banìmena se èna èggrafo apostol c pou sqetÐzetai me k�je apostol , en¸ mÐa kanonikopoih-
mènh anapar�stash mporeÐ na apaiteÐ èna sÔndesmo stic eggrafèc apostol c me mia sqèsh
company − address, apì thn opoÐa na paÐrnei plhroforÐec dieujÔnsewn.

Ektìc apì stoiqeÐa, h gl¸ssa XML kajorÐzei kai thn ènnoia thc idiìthtac. Gia pa-
r�deigma, k�je stoiqeÐo cinema èqei wc idiìthtec ta name kai region. Oi idiìthtec enìc
stoiqeÐou emfanÐzontai se zeÔgh onìmatoc - tim c prin apì to �>� miac etikètac arq c. Oi
idiìthtec eÐnai sumboloseirèc kai den perièqoun s mansh. Epiplèon, oi idiìthtec mporeÐ na
epanalamb�nontai mìno mÐa for� se mÐa etikèta, antÐjeta apì ta upostoiqeÐa, pou mporeÐ na
epanalamb�nontai (p.q. to upostoiqeÐo movie mèsa sto stoiqeÐo movie). EÐnai profanèc ìti
antÐ thc idiìthtac mporoÔme na qrhsimopoi soume èna upostoiqeÐo me to Ðdio ìnoma me thn
idiìthta kai keÐmeno thn tim  thc idiìthtac.

Shmei¸noume ìti sto perib�llon kataskeu c enìc eggr�fou, h diafor� metaxÔ mÐac idiìth-
tac ki enìc upostoiqeÐou eÐnai shmantik , ìpou mÐa idiìthta eÐnai èmmeso keÐmeno pou den
emfanÐzetai sto èggrafo pou tup¸netai   emfanÐzetai. P�ntwc, se efarmogèc b�sewn de-
domènwn kai antallag c dedomènwn thc XML, aut  h diaforopoÐhsh den èqei tìsh shmasÐa
kai h epilog  thc anapar�stashc twn dedomènwn wc mÐac idiìthtac   upostoiqeÐou eÐnai au-
jaÐreth.

MÐa teleutaÐa suntaktik  shmeÐwsh eÐnai ìti èna stoiqeÐo thc morf c <element></element>,
pou den perièqei upostoiqeÐa   keÐmeno, mporeÐ na suntomeuteÐ wc <element/>, ìpwc, gia pa-
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r�deigma, to <reservations/> sto deÔtero stoiqeÐo movie tou stoiqeÐou cinema me idiìthta
name=”Alexandra”. Ta stoiqeÐa suntìmeushc mporoÔn na perièqoun idiìthtec.

AfoÔ ta XML èggrafa èqoun sqediasteÐ na antall�ssontai metaxÔ efarmog¸n, èqei
parousiasteÐ ènac mhqanismìc q¸rou onom�twn (namespace) pou epitrèpei se organismoÔc
na kajorÐzoun kajolik� monadik� onìmata pou ja qrhsimopoioÔntai wc etikètec stoiqeÐwn
se èggrafa. H idèa enìc q¸rou onom�twn eÐnai gia na prot�ssei se k�je etikèta   idiìthta
èna monadikì anagnwristikì pìrwn (gia par�deigma, mÐa Web dieÔjunsh). An, loipìn, ènac
meg�loc organismìc me poll� parart mata kai sqèseic me polloÔc �llouc organismoÔc  jele
na diasfalÐsei ìti ta XML èggrafa pou dhmiourgoÔse de ja eÐqan diplìtupec etikètec pou
na qrhsimopoioÔntai apì XML èggrafa k�poiou sunerg�th tou, mporeÐ na prot�xei k�poio
monadikì anagnwristikì me mÐa �nw-k�tw teleÐa, se k�je ìnoma etikètac. O organismìc
mporeÐ na qrhsimopoi sei to Web URL wc monadikì anagnwristikì gia ìla ta parart mat�
tou, afoÔ autì eÐnai egguhmèna monadikì se olìklhro to diadÐktuo. Sun jwc, p�ntwc,
qrhsimopoieÐtai k�poia suntìmeush gia ta anagnwristik�, afoÔ mporeÐ na èqoun meg�lo kai
dÔsqrhsto mègejoc.

Autì mporeÐ na epiteuqjeÐ eis�gontac mÐa idiìthta xmlns:short=value sto stoiqeÐo rÐzac,
h opoÐa basik� dhl¸nei ìti to short qrhsimopoieÐtai mèsa sto XML èggrafo wc suntìmeush
gia to anagnwristikì value pou dÐdetai parap�nw. H suntìmeush mporeÐ sth sunèqeia na
qrhsimopoihjeÐ kai se �llec etikètec stoiqeÐwn.

'Ena èggrafo mporeÐ na èqei perissìterouc apì èna q¸rouc onom�twn, pou dhl¸nontai wc
mèroc tou stoiqeÐou rÐzac. Met� mporoÔn na susqetistoÔn di�fora stoiqeÐa me diaforetikoÔc
q¸rouc onom�twn. 'Enac prokajorismènoc q¸roc onom�twn mporeÐ na oristeÐ qrhsimopoi¸n-
tac thn idiìthta xmlns antÐ thc xmlns:short sto stoiqeÐo rÐza. Ta stoiqeÐa qwrÐc �meso
prìjema q¸rou onom�twn ja an koun mèsa ston prokajorismèno q¸ro.

Tèloc, k�poiec forèc jèloume na apojhkeÔsoume timèc pou perièqoun etikètec, qwrÐc na
èqoume tic etikètec pou metafr�zontai wc XML etikètec. H gl¸ssa XML epitrèpei autì me
qr sh thc dom c:

<![CDATA[<element>...</element>]]>

To keÐmeno <element>, epeid  perikleÐetai mèsa sto CDATA (character data), antimetw-
pÐzetai wc kanonikì keÐmeno ki ìqi wc etikèta.

2.1.3 Sq ma enìc Eggr�fou XML

Oi b�seic dedomènwn èqoun sq mata, pou qrhsimopoioÔntai gia na periorÐzoun tic plhro-
forÐec pou mporoÔn na apojhkeutoÔn sth b�sh dedomènwn kai na periorÐsoun touc tÔpouc
twn dedomènwn twn apojhkeumènwn plhrofori¸n. SÔmfwna ìmwc me ìsa proanafèrjhkan,
ta XML èggrafa mporoÔn na dhmiourghjoÔn qwrÐc k�poio sqetikì sq ma, dhlad  èna sÔno-
lo apì kanìnec pou na periorÐzoun thn akoloujÐa stoiqeÐwn me upostoiqeÐa kai idiìthtec.
'Ena stoiqeÐo mporeÐ na akoloujeÐtai apì opoiod pote upostoiqeÐo   idiìthta. En¸ mÐa tè-
toia eleujerÐa mporeÐ na eÐnai apodekt  exaitÐac thc fÔshc thc efarmog c pou perigr�fei apì
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mình thc th morf  twn dedomènwn, den eÐnai genik� qr simh ìtan prèpei na gÐnei epexergasÐa
twn XML eggraf¸n atomik� wc mèroc mÐac efarmog c   akìma ki ìtan meg�lec posìthtec
sqetik¸n dedomènwn prèpei na morfopoihjoÔn sthn XML.

Thn an�gkh aut  èrqetai na lÔsei merik¸c o èggrafo-kentrikìc mhqanismìc sq matoc
pou eÐnai gnwstìc wc (Orismìc TÔpou Eggr�fou Document Type Definition, DTD), kai o
opoÐoc perilamb�netai kai wc mèroc thc tupopoÐhshc XML. Epeid  ìmwc o mhqanismìc autìc
parousi�zei mÐa seir� apì probl mata, prìsfata èqoun protajeÐ mÐa seir� apì gl¸ssec
perigraf c tou XML sq matoc pou, an kai den èqoun gÐnei akìmh mèroc thc tupopoÐhshc
XML, eÐnai entoÔtoic polÔ dhmofileÐc stouc programmatistèc efarmog¸n.

Orismìc TÔpou Eggr�fou

O orismìc tÔpou eggr�fou eÐnai èna proairetikì mèroc enìc XML eggr�fou. O kÔrioc
skopìc tou DTD eÐnai antÐstoiqoc me to skopì tou sq matoc stic b�seic dedomènwn: na
periorÐzei ton tÔpo twn plhrofori¸n pou parousi�zontai sto èggrafo. Wstìso, to DTD
den parousi�zei touc tÔpouc, se sqèsh me touc basikoÔc tÔpouc, ìpwc akèraiouc   sum-
boloseirèc. AntÐjeta, periorÐzei mìno thn emf�nish upostoiqeÐwn kai idiot twn mèsa se èna
stoiqeÐo. To DTD eÐnai basik� mÐa lÐsta apì kanìnec gia to poio motÐbo upostoiqeÐwn ja
emfanÐzetai mèsa se èna stoiqeÐo. To Sq ma 2.3 deÐqnei mèroc enìc paradeÐgmatoc DTD gia
plhroforÐec kinhmatogr�fwn. To èggrafo XML sto Sq ma 2.1 antapokrÐnetai se autì to
DTD.

K�je d lwsh eÐnai me th morf  mÐac kanonik c par�stashc gia ta upostoiqeÐa enìc
stoiqeÐou. 'Etsi, sto DTD tou Sq matoc 2.3, èna stoiqeÐo cinemas apoteleÐtai mhdèn  
perissìtera stoiqeÐa cinema. O telest c | kajorÐzei to diazeuktikì telest , en¸ o telest c
+ kajorÐzei to ”èna   perissìtera”. O telest c ∗ qrhsimopoieÐtai gia na kajorÐzei ”mhdèn
  perissìtera”, en¸ o telest c ? qrhsimopoieÐtai gia na kajorÐsei èna proairetikì stoiqeÐo
(dhlad  ”mhdèn   èna”).

To stoiqeÐo cinema orÐzetai na perièqei (mÐa for�) to upostoiqeÐo movies, to opoÐo
me th seir� tou orÐzetai na perièqei mhdèn   perissìterec forèc to upostoiqeÐo movie.
EpÐshc, to movie perièqei to upostoiqeÐo director mÐa for�, to upostoiqeÐo actor mÐa  
perissìterec forèc, kaj¸c kai ta upostoiqeÐa genre, rating, hour kai reservations (me aut 
th seir�). Tèloc, to upostoiqeÐo reservations orÐzetai na perièqei mhdèn   perissìterec
forèc to upostoiqeÐo reservation, to opoÐo me th seir� tou prèpei na perièqei apì mÐa for�
ta upostoiqeÐa name kai payment (me aut  th seir�). Ta stoiqeÐa director, actor, genre,
rating, hour name kai payment orÐzontai na eÐnai tÔpou #PCDATA. H lèxh kleidÐ PCDATA
deÐqnei dedomèna keimènou. DÔo �lloi eidikoÐ tÔpoi dhl¸sewn eÐnai to empty, pou lèei ìti to
stoiqeÐo den èqei perieqìmena kai to any, pou lèei ìti den up�rqei periorismìc sta upostoiqeÐa
tou upostoiqeÐou. Dhlad , opoiad pote stoiqeÐa, akìmh ki aut� pou den anafèrontai sto
DTD, mporoÔn na up�rqoun wc upostoiqeÐa tou stoiqeÐou. H apousÐa mÐac d lwshc stoiqeÐou
eÐnai isodÔnamh me thn �mesh d lwsh tou tÔpou any.

'Opwc prokÔptei ki apì to Sq ma 2.3, kai oi epitrepìmenec idiìthtec gia k�je stoiqeÐo
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dhl¸nontai epÐshc sto DTD. AntÐjeta me ta upostoiqeÐa, den up�rqei k�poia seir� stic
idiìthtec. Oi idiìthtec mporoÔn na kajoristoÔn na eÐnai tÔpou CDATA, ID, IDREF  
IDREFS. O tÔpoc CDATA apl¸c lèei ìti h idiìthta perièqei qarakt rec dedomènwn, en¸
ta upìloipa trÐa exhgoÔntai sth sunèqeia.

Oi idiìthtec prèpei na èqoun epÐshc kai mÐa prokajorismènh d lwsh. H prokajorismènh
d lwsh mporeÐ na apoteleÐtai apì mÐa prokajorismènh tim  gia thn idiìthta   to #RE-
QUIRED, pou shmaÐnei ìti prèpei na kajoristeÐ aut  h tim  gia thn idiìthta k�je stoiqeÐou,
  to #IMPLIED, pou dhl¸nei ìti den parèqetai kamÐa prokajorismènh tim . H proka-
jorismènh idiìthta mporeÐ na eÐnai #FIXED, opìte den epitrèpetai kamÐa �llh tim  gia thn
idiìthta pèra apì thn prokajorismènh. An mÐa idiìthta den èqei prokajorismènh tim , tìte
gia k�je stoiqeÐo pou den kajorÐzei mÐa tim  gia thn idiìthta, h prokajorismènh idiìthta
sumplhr¸netai autìmata ìtan diab�zetai to XML èggrafo.

Gia par�deigma, sto Sq ma 2.3 dhl¸noume ìti to stoiqeÐo cinema èqei tic idiìthtec name
kai region, pou perièqoun qarakt rec dedomènwn, ìpou h pr¸th prèpei na sumplhr¸netai
upoqrewtik�, en¸ h deÔterh ìqi. OmoÐwc kai gia tic idiìthtec tou stoiqeÐou movie.

MÐa idiìthta tÔpou ID parèqei èna monadikì anagnwristikì gia to stoiqeÐo. Mia tim 
pou up�rqei se mÐa idiìthta ID enìc stoiqeÐou den prèpei na up�rqei se opoiod pote �llo
stoiqeÐo tou Ðdiou eggr�fou. To polÔ mÐa idiìthta enìc stoiqeÐou epitrèpetai na eÐnai tÔpou
ID.

MÐa idiìthta tÔpou IRDEF eÐnai mÐa anafor� se èna stoiqeÐo. H idiìthta prèpei na per-
ièqei mÐa tim  pou emfanÐzetai sthn idiìthta ID k�poiou stoiqeÐou tou eggr�fou. O tÔpoc
IDREFS epitrèpei mÐa lÐsta apì anaforèc, qwrismènec me ken�. Oi idiìthtec autèc leitour-
goÔn wc mhqanismìc anafor�c se antikeimenostrefeÐc b�seic dedomènwn kai se sqesiakèc
b�seic dedomènwn, pou epitrèpoun thn kataskeu  perÐplokwn tÔpwn. Epeid  ìmwc autèc
oi leitourgÐc xefeÔgoun apì ta plaÐsia thc paroÔsac diplwmatik c, de ja eisèljoume se
perissìterec leptomèreiec.

Oi orismoÐ tÔpou eggraf¸n eÐnai polÔ sundedemènoi me th morfopoÐhsh thc XML. Ex-
aitÐac autoÔ, den eÐnai kat�llhloi me polloÔc trìpouc na exuphret soun wc dom  tÔpwn
thc XML, gia efarmogèc epexergasÐac dedomènwn. P�ntwc, orÐzetai ènac polÔ meg�loc ar-
ijmìc morf¸n antallag c dedomènwn se sqèsh me ta DTD, afoÔ  tan mèroc thc arqik c
tupopoÐhshc. MerikoÐ apì touc periorismoÔc twn DTD wc mhqanismoÐ sq matoc eÐnai oi
parak�tw:

(a) Ta perissìtera memonwmèna stoiqeÐa keimènou kai oi idiìthtec den mporoÔn na èqoun
tÔpo. Gia par�deigma to stoiqeÐo reservations den mporeÐ na perioristeÐ na eÐnai ènac mh
arnhtikìc akèraioc. H èlleiyh tètoiwn periorism¸n eÐnai problhmatik  gia epexergasÐa de-
domènwn kai efarmogèc antallag c dedomènwn, pou mporoÔn met� na perièqoun k¸dika gia
na epalhjeÔsoun touc tÔpouc kai idiìthtec twn stoiqeÐwn.

(b) EÐnai dÔskolo na qrhsimopoi soume to mhqanismì DTD gia na kajorÐsoume mh di-
atetagmèna sÔnola apì upostoiqeÐa. H di�taxh den eÐnai p�nta shmantik  gia antallag 
dedomènwn. En¸ o sunduasmìc enallag c (h pr�xh |) kai h pr�xh ∗ epitrèpoun prodi-
agrafèc mh diatetagmènwn sullog¸n etiket¸n, eÐnai polÔ pio dÔskolo na kajorÐsoume ìti
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k�je etikèta mporeÐ na emfanÐzetai mìno mÐa for�. Up�rqei m�lista èna genikìtero prìblhma
ekfrastikìthtac gia to DTD, afoÔ den mporeÐ na sull�bei polloÔc suntaktikoÔc periori-
smoÔc enìc eggr�fou.

(g) Up�rqei èlleiyh tÔpwn sta ID kai IDREF. 'Etsi, den up�rqei trìpoc na kajorÐsoume
ton tÔpo tou stoiqeÐou ston opoÐo ja prèpei na anafèretai mÐa idiìthta IDREF   IDREFS,
pr�gma pou mporeÐ na odhg sei se sobar� logik� l�jh.

(d) Tèloc, den up�rqei mèrimna gia neìtera qarakthristik� thc XML, kai kurÐwc gia ta
namespaces.

'Allec gl¸ssec prosdiorismoÔ tou sq matoc tou XML eggr�fou

Dedomènwn twn poll¸n adunami¸n tou DTD gia ton orismì tou sq matoc enìc XML
eggr�fou, mÐa seir� apì nèec gl¸ssec kajorismoÔ sq matoc prot�jhkan stadiak�, me
k�poiec apì autèc na eÐnai m�lista polÔ kont� sto na l�boun kai tupopoÐhsh apì ton or-
ganismì W3C. Anafèroume en suntomÐa merikèc apì autèc:

(a) XML Schema: EÐnai h gnwstìterh kai pio eurèwc qrhsimopoioÔmenh gl¸ssa oris-
moÔ sq matoc (pèra thc DTD) kai  tan h pr¸th nèa gl¸ssa XML sq matoc pou èlabe
sÔstash apì ton organismì W3C. Merik� apì ta pleonekt mat� thc eÐnai ta ex c:

• Epitrèpei na dhmiourgoÔntai tÔpoi orismènoi apì to qr sth, dÐnontac m�lista kai pol-
lèc antikeimenostrefeÐc dunatìthtec gia tic dhl¸seic tÔpou, ìpwc klhronomikìthta
kai afhrhmènoi tÔpoi.

• Epitrèpei sto keÐmeno pou emfanÐzetai sta stoiqeÐa na periorÐzetai se sugkekrimènouc
tÔpouc, ìpwc arijmhtikoÔc tÔpouc se sugkekrimènec morfèc   akìma pio perÐplokouc
tÔpouc, ìpwc lÐstec   en¸seic. Perièqei m�lista poikilÐa apì polloÔc prokataskeuas-
mènouc tÔpouc gia dedomèna keimènou kai timèc idiot twn.

• Epitrèpei se tÔpouc na periorÐzontai gia na dhmiourgoÔntai exeidikeumènoi tÔpoi, gia
par�deigma, kajorÐzontac mègistec kai el�qistec timèc,   orÐzontac ènan tÔpo wc ka-
jolikì   topikì.

• Epitrèpei na epekteÐnontai polÔplokoi tÔpoi qrhsimopoi¸ntac mÐa morf  klhronomikì-
thtac.

• EÐnai èna gn sio upersÔnolo twn DTD.

• Epitrèpei monadikìthta kai periorismoÔc xènwn kleidi¸n.

• EnopoieÐtai me q¸rouc onom�twn, gia na epitrèpei diaforetik� mèrh enìc eggr�fou na
sumbadÐzoun se diaforetik� sq mata.

• Epitrèpei kenèc timèc.
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Shmei¸netai ìti lìgw twn auxhmènwn leitourgi¸n kai dunatot twn, to kìstoc thc XML
Schema eÐnai polÔ pio perÐploko se sqèsh me ta DTD, mÐa polÔ shmantik  adunamÐa gia th
gl¸ssa.

(b) RELAX NG (REgular LAnguage for XML Next Generation): Prìkeitai
gia mÐa sqetik� apl  gl¸ssa orismoÔ sq matoc. An kai arqik� den  tan dhmofil c, ta
teleutaÐa qrìnia èqei dieisdÔsei perissìtero sto XML logismikì, kai h apodoq  thc èqei
bohjhjeÐ apì thn uiojèths  thc wc prwteÔon sq ma gia gnwstèc eggrafo-kentrikèc gl¸-
ssec s manshc ìpwc oi DocBook kai OpenDocument. H RELAX NG moir�zetai me th
gl¸ssa XML Schema mÐa seir� koin¸n qarakthristik¸n ìpwc kajorismì tÔpou dedomè-
nwn, upost rixh gia kanonikèc ekfr�seic, upost rixh q¸rou onom�twn, kai ikanìthta na
anafèretai se sÔnjetouc orismoÔc.

(g) DSD (Document Structure Description): Prìkeitai gia mÐa enallaktik  gl¸s-
sa orismoÔ sq matoc me th bo jeia kanìnwn. Se antÐjesh me thn XML Schema parousi�zei
ta ex c pleonekt mata:

• Prìkeitai gia mÐa polÔ aploÔsterh gl¸ssa. Gia par�deigma, h pl rhc tupopoÐhs 
thc qwrÐc ta paradeÐgmata eÐnai mìno 15 selÐdec, opìte h ekm�jhs  thc eÐnai sqetik�
eÔkolh.

• Den up�rqei h ènnoia tou tÔpou   tou upotÔpou, oi kanìnec eÐnai apeujeÐac sqetismènoi
me ta onìmata twn stoiqeÐwn.

• Oi kanìnec mporoÔn na eÐnai ierarqikoÐ ìntac exart¸menoi apì tic timèc twn idiot twn
kai to perieqìmeno twn stoiqeÐwn.

• EÐnai 100% autoperigrafoÔmenh (dhlad  up�rqei èna pl rec ”DSD gia ta DSDs”).

• Poll� apì ta mh aparaÐthta sustatik� thc gl¸ssac eÐnai apomakrusmèna   èqoun
antikatastajeÐ apì antÐstoiqa basik� kai genik�.

Fusik� o kat�logoc twn glwss¸n orismoÔ sq matoc eÐnai pragmatik� ateleÐwtoc. EmeÐc
mil same akrojig¸c mìno gia treic apì autèc, me skopì na katadeÐxoume merikèc pleurèc
tou polÔ dÔskolou probl matoc epilog c k�poiac gl¸ssac sq matoc. O endiaferìmenoc
anagn¸sthc mporeÐ na brei pollèc plhroforÐec sto DiadÐktuo.

2.2 XPath kai Gl¸ssa Erwt sewn XQuery

Stic prohgoÔmenec enìthtec perigr�yame sunoptik� th gl¸ssa XML, th dom  twn dedo-
mènwn XML kai gl¸ssec orismoÔ tou sq matoc. An kai autèc oi enìthtec eÐnai aparaÐthtec
se èna opoiod pote basikì egqeirÐdio XML, o kentrikìc �xonac gÔrw apì ton opoÐo kineÐtai
h paroÔsa diplwmatik  den eÐnai �lloc apì tic XML erwt seic. MporoÔme q�rin eukolÐac
na fantastoÔme mÐa XML er¸thsh wc to an�logo mÐac SQL er¸thshc se mÐa sqesiak  b�sh
dedomènwn, an kai ìpwc perigr�foume sto epìmeno kef�laio up�rqei ter�stio q�sma (an kai
k�poiec axioshmeÐwtec koinèc idiìthtec) stic mejìdouc apotÐmhshc twn dÔo eid¸n erwt sewn.
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H tupopoÐhsh aut  th stigm  anafèretai se erwt seic me pl rh kajorismì twn domik¸n
sqèsewn an�mesa se kìmbouc. Oi dÔo kÔriec gl¸ssec pou sumb�lloun se aut n thn kateÔ-
junsh eÐnai oi parak�tw:

• H XPath eÐnai mÐa gl¸ssa gia parast�seic diadrom¸n kai eÐnai sthn pragmatikìthta
to lÐjo p�nw ston opoÐo qtÐzetai h XQuery.

• H XQuery èqei protajeÐ wc tupopoÐhsh gia erwt seic se XML dedomèna. Sundu�zei
leitourgÐec apì pollèc prohgoÔmenec prot�seic gia erwt seic XML, idiaÐtera thc
gl¸ssac Quilt.

Sth sunèqeia ja asqolhjoÔme me tic dÔo gl¸ssec kai ja katadeÐxoume merik� apì ta
basik� touc shmeÐa. H an�lus  mac basÐzetai kurÐwc sta [26], [27], [28] kai [25]. TonÐzoume
p�ntwc ìti lìgw thc meg�lou megèjouc tupopoÐhshc, den mporèsame par� na jÐxoume ekeÐna
mìno ta shmeÐa pou jewr same ìti parousi�zoun endiafèron sta plaÐsia thc diplwmatik c
ergasÐac. O endiaferìmenoc anagn¸sthc mporeÐ na brei analutik� egqeirÐdia kai tupopoi seic
sthn anaferjeÐsa bibliografÐa.

Montèlo Dèndrou

H dom  twn XML dedomènwn pou perigr�yame prohgoumènwc den eÐnai eÔkolo na brei �me-
sa efarmog  sthn apotÐmhsh erwt sewn me dendrik  morf . ExaitÐac autoÔ, tropopoioÔme
elafr¸c to montèlo dedomènwn thc XML eis�gontac èna montèlo dèndrou. 'Ena XML
èggrafo montelopoieÐtai apì èna dèndro, me k�je kìmbo tou dèndrou na antistoiqeÐ se k�poia
domik  mon�da tou XML eggr�fou kai na èqei mÐa seir� apì sqèseic me �llouc kìmbouc tou
montèlou dèndrou.

Perissìtera gia to montèlo dèndrou kai th shmasÐa tou sto plaÐsio thc XPath (kai
thc XQuery) anaptÔssoume parak�tw sthn perigraf  thc XPath. Wc èna aplì par�deigma
ìmwc twn parap�nw, to Sq ma 2.4 deÐqnei mèroc enìc XML eggr�fou, en¸ to Sq ma 2.5
apeikonÐzei to antÐstoiqo XML dèntro.

2.2.1 XPath

H XPath apoteleÐ mÐa prosp�jeia na dojeÐ mÐa koin  sÔntaxh kai shmasiologÐa gia th
leitourgikìthta tou metasqhmatismoÔ XSL [XSLT] kai tou XPointer, en¸ plèon parèqetai
kai me th morf  tupopoÐhshc apì ton organismì W3C. O prwtarqikìc skopìc thc eÐnai h
diejunsiodìthsh mer¸n enìc XML eggr�fou. Proc epÐteuxh autoÔ tou skopoÔ, parèqei epÐ-
shc basikèc dunatìthtec gia qeirismì sumboloseir¸n, arijm¸n kai logik¸n parast�sewn. H
XPath qrhsimopoieÐ mÐa pl rh sÔntaxh pou de basÐzetai sth gl¸ssa XML gia na dieukol-
unjeÐ h qr sh thc mèsa se URIs kai se timèc XML idiot twn, en¸ leitourgeÐ p�nw sthn
afhrhmènh, logik  dom  enìc XML eggr�fou, par� sthn epifaneiak  sÔntaxh. To ìnom�
thc proèrqetai apì th susthmatik  thc qr sh thc ènnoiac tou monopatioÔ gia na mporeÐ na
diasqÐzei thn ierarqik  dom  enìc XML eggr�fou.
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Ektìc apì th qr sh thc gia dieujunsiodìthsh, h XPath eÐnai sqediasmènh ètsi ¸ste na
èqei èna fusikì uposÔnolo pou mporeÐ na qrhsimopoihjeÐ gia taÐriasma (dhlad  gia èlegqo
e�n ènac kìmboc tairi�zei me èna prìtupo). H leitourgÐa aut  eÐnai qr simh sthn XSLT kai
epomènwc de ja th suzht soume epiplèon.

H XPath montelopoieÐ èna XML èggrafo san èna dèntro apì kìmbouc. Up�rqoun
ìmwc diaforetik� eÐdh kìmbwn, sumperilambanomènwn kìmbwn stoiqeÐou, kìmbwn idiìthtac
kai kìmbwn keimènou. H XPath orÐzei èna trìpo gia ton upologismì miac tim c sumbolo-
seir�c gia k�je eÐdoc kìmbou. Se merik� eÐdh kìmbwn dÐnontai m�lista onìmata. UposthrÐzei,
epÐshc, q¸rouc onom�twn XML. Epomènwc, to ìnoma enìc kìmbou montelopoieÐtai wc èna
zeug�ri apoteloÔmeno apì èna topikì mèroc kai èna (pijan¸c kenì) URI q¸rou onom�twn,
to opoÐo kaleÐtai ektetamèno ìnoma.

H kÔria suntaktik  dom  sthn XPath eÐnai h èkfrash. MÐa èkfrash apotim�tai gia na
epistrèyei èna antikeÐmeno, pou èqei ènan apì touc parak�tw tèsseric basikoÔc tÔpouc:

• èna sÔnolo kìmbwn (mÐa mh diatetagmènh sullog  apì kìmbouc qwrÐc diplìtupa)

• logikìc tÔpoc (alhj c   yeud c)

• arijmìc (ènac arijmìc kinht c upodiastol c)

• sumboloseir� (mÐa akoloujÐa apì qarakt rec UCS)

H apotÐmhsh mÐac èkfrashc XPath gÐnetai p�nta se sqèsh me èna plaÐsio. 'Ena plaÐsio
apoteleÐtai apì:

• ènan kìmbo (kìmboc tou plaisÐou)

• èna zeug�ri apì jetikoÔc akeraÐouc (h jèsh plaisÐou kai to mègejoc plaisÐou)

• èna sÔnolo apì antistoiqÐseic metablht¸n

• mÐa biblioj kh me sunart seic

• to sÔnolo twn dhl¸sewn q¸rwn onom�twn sthn embèleia thc èkfrashc

H jèsh plaisÐou eÐnai p�nta mikrìterh   Ðsh tou megèjouc plaisÐou.
Oi antistoiqÐseic metablht¸n apoteloÔntai apì mÐa antistoÐqish apì onìmata metabl-

ht¸n se timèc metablht¸n. H tim  mÐac metablht c eÐnai èna antikeÐmeno,pou mporeÐ na eÐnai
opoioud pote tÔpou apì touc tÔpouc pou eÐnai dunatoÐ gia thn tim  mÐac èkfrashc (kai mporeÐ
na eÐnai akìmh ki �llwn tÔpwn pou de dieukrinÐzontai ed¸).

H biblioj kh sunart sewn apoteleÐtai apì mÐa antistoÐqish apì onìmata sunart sewn
stic Ðdiec tic sunart seic. K�je sun�rthsh paÐrnei mhdèn   perissìtera orÐsmata kai epistrè-
fei èna monadikì apotèlesma. Shn jwc endiaferìmaste gia sunart seic apì th biblioj kh
kormoÔ, ìpou oi sunart seic èqoun tìso orÐsmata ìso kai apotèlesma pou an koun stouc
tèsseric basikoÔc tÔpouc, an kai gl¸ssec ìpwc h XSL mporoÔn na orÐsoun kai sunart seic
p�nw se �llouc tÔpouc dedomènwn.
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Oi dhl¸seic q¸rwn onom�twn apoteloÔntai apì mÐa antistoÐqish apì projèmata URIs
q¸rwn onom�twn.

Oi antistoiqÐseic metablht¸n, h biblioj kh sunart sewn kai oi dhl¸seic q¸rwn onom�twn
pou qrhsimopoioÔntai sthn apotÐmhsh miac upoèkfrashc eÐnai p�nta oi Ðdiec me autèc thc per-
ièqousac èkfrashc. AntÐjeta, o kìmboc plaisÐou, h jèsh plaisÐou kai to mègejoc plaisÐou
den eÐnai p�nta Ðdioi stic dÔo peript¸seic. K�poia eÐdh ekfr�sewn all�zoun ton kìmbo
plaisÐou, en¸ mìno ta kathgor mata all�zoun th jèsh plasÐou kai to mègejoc plaisÐou. An
h apotÐmhsh enìc eÐdouc èkfrashc perigr�fetai me saf neia, ja dhl¸netai p�nta �mesa an o
kìmboc plaisÐou, h jèsh plaisÐou kai to mègejoc plaisÐou all�zoun gia thn apotÐmhsh twn
upoekfr�sewn. An ìmwc den anafèretai tÐpota, paramènoun amet�blhta gia thn apotÐmhsh
twn upoekfr�sewn autoÔ tou eÐdouc èkfrashc.

'Ena polÔ basikì eÐdoc èkfrashc eÐnai h par�stash diadrom c.

Orismìc 2.1. Par�stash Diadrom c eÐnai èna sÔnolo apì ènan   perissìterouc kìmbouc
− domik� stoiqeÐa tou XML eggr�fou, qwrismèna me /. 2

H arqik  deÐqnei th rÐza tou eggr�fou. MÐa par�stash diadrom c ekteleÐtai apì aris-
ter� proc dexi� kai se opoiod pote shmeÐo to apotèlesm� thc apoteleÐtai apì èna sÔnolo
apì kìmbouc sqetikoÔc me ton kìmbo plaisÐou. Oi parast�seic diadrom c mporoÔn tèloc
na perièqoun anadromik� ekfr�seic pou qrhsimopoioÔntai gia na filtr�roume sÔnola apì
kìmbouc.

Se sqèsh kai me to montèlo dèndrou pou anafèrjhke pio p�nw, h sÔntaxh thc XPath
orÐzei to XML èggrafo wc èna dèntro me ta ex c domik� stoiqeÐa:

• rÐza (root (or document) node)

• kìmboc stoiqeÐou (element node)

• kìmboc keimènou (text node)

• kìmboc idiìthtac (attribute node)

• kìmboc sqolÐou (comment node)

• kìmboc epexergasÐac (processing - instruction node)

• kìmboc q¸rou onom�twn (namespace node)

EpÐshc, èqoume mÐa seir� orism¸n.

Orismìc 2.2. Oi atomikèc timèc (atomic values) eÐnai kìmboi qwrÐc paidi�   patèra. 2

Orismìc 2.3. Ta antikeÐmena (items) eÐnai eÐte atomikèc timèc   kìmboi. 2

Se ì,ti afor� tic sqèseic metaxÔ kìmbwn, èqoume tic ex c idiìthtec:

• goniìc (parent): k�je stoiqeÐo kai idiìthta èqoun èna akrib¸c goniì
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• paidÐ (child): oi kìmboi stoiqeÐou mporeÐ na èqoun mhdèn, èna   perissìtera paidi�

• adèrfia (siblings): oi kìmboi pou èqoun ton Ðdio goniì

• prìgonoi (ancestors): o goniìc tou kìmbou, o goniìc tou gonioÔ k.o.k.

• apìgonoi (descendants): ta paidi� tou kìmbou, ta paidi� twn paidi¸n k.o.k.

Gia na doÔme p¸c douleÔoun ìla aut� sthn pr�xh, èstw sto èggrafo thc Eikìnac 2.2, h
par�stash XPath:

/cinemas-movies/movies/movie/director
Ja epistrafoÔn tìte ta ex c stoiqeÐa:

<director>Steven Spielberg</director>
<director>Clint Eastwood</director>
<director>JamesBrooks</director>

H par�stash
/cinemas-movies/movies/movie/director/text()

ja epistrèyei ta Ðdia stoiqeÐa all� qwrÐc tic etikètec.
'Otan èna ìnoma stoiqeÐou, ìpwc to movie, emfanÐzetai prin apì thn epìmenh /, anafèretai

se ìla ta stoiqeÐa tou sugkekrimènou onìmatoc pou eÐnai paidi� twn stoiqeÐwn sto trèqon
sÔnolo stoiqeÐwn. AfoÔ poll� paidi� èqoun to Ðdio ìnoma, o arijmìc twn kìmbwn sto sÔnolo
twn kìmbwn mporeÐ na auxhjeÐ   na meiwjeÐ me k�je b ma.

Oi timèc idiot twn mporoÔn epÐshc na prospelastoÔn qrhsimopoi¸ntac to sÔmbolo @. Gia
par�deigma, h èkfrash /cinemas-movies/cinemas/cinema/@name epistrèfei èna sÔnolo
apì ìlec tic timèc twn idiot twn name twn stoiqeÐwn cinema, dhlad  to sÔnolo {”Alexandra”,
”Ideal Lux”} gia to XML èggrafo tou Sq matoc 2.2.

H gl¸ssa XPath uposthrÐzei di�forec �llec leitourgÐec:

• Ta kathgor mata epilog c mporoÔn na akoloujoÔn opoiod pote b ma se mÐa diadrom 
kai perièqontai se tetr�gwnec agkÔlec. Gia par�deigma, to

/cinemas-movies/movies/movie[rating >8]

epistrèfei stoiqeÐa taini¸n me bajmologÐa �nw tou 8, en¸ to

/cinemas-movies/movies/movie[rating > 8]/@name

epistrèfei ta onìmata aut¸n twn taini¸n.

MporoÔme na elègxoume thn Ôparxh enìc upostoiqeÐou anafèront�c to me opoiond pote
telest  sÔgkrishc. Gia par�deigma, an afairoÔsame mìno to ”> 8” apì to parap�nw,
h par�stash ja epèstrefe ta onìmata ìlwn twn taini¸n pou èqoun èna upostoiqeÐo
bajmologÐac anex�rthta apì thn tim  tou.

• H gl¸ssa XPath parèqei di�forec sunart seic pou mporoÔn na qrhsimopoihjoÔn wc
kathgor mata epilog c, sumperilambanomènou tou elègqou thc jèshc tou trèqontoc
kìmbou sth seir� twn aderf¸n kai metr¸ntac ton arijmì twn kìmbwn pou tairi�zoun.
Gia par�deigma, h par�stash diadrom c
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/cinemas-movies/movies/movie/[actor/count() > 1]

epistrèfei stoiqeÐa taini¸n me toul�qiston dÔo anagrafìmenouc hjopoioÔc. MporoÔn
na qrhsimopoihjoÔn oi logikèc sundèseic and kai or se kathgor mata, en¸ h sun�rthsh
not mporeÐ na qrhsimopoihjeÐ gia �rnhsh.

• O telest c | epitrèpei na en¸nontai ta apotelèsmata parast�sewn. Wstìso, den
mporeÐ na eÐnai ènjetoc mèsa se �llouc telestèc. Gia par�deigma, h èkfrash /cinemas-
movies/movies/movie/director | /cinemas-movies/movies/movie/actor epilègei ìla
ta stoiqeÐa director kai actor, pou ikanopoioÔn thn par�stash diadrom c.

• MÐa XPath par�stash mporeÐ na agno sei pollapl� epÐpeda kìmbwn qrhsimopoi¸ntac
to ”//”. Gia par�deigma, h par�stash /cinemas-movies//director epistrèfei stoiqeÐa
director pou brÐskontai opoud pote k�tw apì to stoiqeÐo cinemas-movies. MporoÔn
loipìn na brÐskontai ta apaitoÔmena dedomèna qwrÐc pl rh gn¸sh twn sqèsewn patèra-
paidioÔ all� gnwrÐzontac mìno sqèseic progìnou-apogìnou.

• Sthn perÐptwsh pou èqoume �gnwsta XML stoiqeÐa mporoÔme na qrhsimopoi soume
ta wildcards. Sugkekrimèna, to wildcard mporeÐ na eÐnai:

– *: tairi�zei me opoiond pote kìmbo stoiqeÐou

– @*: tairi�zei me opoiond pote kìmbo idiìthtac

– node(): tairi�zei me opoiond pote kìmbo (opoioud pote eÐdouc)

Gia par�deigma, h èkfrash //* epilègei ìla ta stoiqeÐa sto XML èggrafo, h èkfrash
/cinemas-movies/* epilègei ìlouc touc kìmbouc stoiqeÐou pou eÐnai paidi� tou kìmbou
stoiqeÐou cinemas-movies, kai h èkfrash //movie[@*] epilègei ìla ta stoiqeÐa movie
pou èqoun opoiad pote idiìthta.

• Se mÐa XPath èkfrash mporeÐ na qrhsimopoihjeÐ mÐa seir� apì telestèc (merikoÔc touc
èqoume anafèrei  dh). Oi pio suqn� qrhsimopoioÔmenoi eÐnai oi |, +, -, *, div, =, !=,
<, <=, >, >=, or, and, kai mod me profan  shmasÐa.

2.2.2 XQuery

H gl¸ssa XQuery eÐnai h katexoq n gl¸ssa erwt sewn p�nw se XML dedomèna.
Proèrqetai apì mÐa gl¸ssa erwthm�twn pou onom�zetai Quilt kai apèkthse th sÔstash tou
organismoÔ W3C stic 23 IanouarÐou, 2007. EÐnai sumbat  me pollèc W3C tupopoi seic,
ìpwc XML, Namespaces, XSLT, XPath, kai XML Schema. MporoÔme na th fantastoÔme
wc to an�logo gia XML dedomèna thc gl¸ssac SQL gia tic b�seic dedomènwn.

H gl¸ssa XQuery qtÐzetai p�nw stic ekfr�seic XPath pou perigr�yame prohgoumèn-
wc kai, pr�gmati, h XQuery 1.0 kai h XPath 2.0 moir�zontai to Ðdio montèlo dedomènwn
kai uposthrÐzoun touc Ðdiouc telestèc kai tic Ðdiec sunart seic. Gia par�deigma, qrhsi-
mopoieÐ parast�seic diadrom c ìpwc kai h XPath gia na periplanhjeÐ sta stoiqeÐa enìc
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XML eggr�fou, en¸ qrhsimopoieÐ kathgor mata epilog c gia na periorÐsei ta dedomèna apì
ta XML èggrafa se aut� pou plhroÔn k�poia epijumht  idiìthta.

MerikoÐ basikoÐ kanìnec sÔntaxhc thc XQuery:

• H XQuery eÐnai case-sensitive.

• Ta XQuery stoiqeÐa, idiìthtec kai metablhtèc prèpei na eÐnai ègkura XML onìmata.

• MÐa sumboloseir� mporeÐ na perikleÐetai eÐte apì ”” eÐte apì ′′, dhlad  eÐte apì mon�
eÐte apì dipl� eisagwgik�.

• MÐa metablht  anafèretai me to $, to opoÐo akoloujeÐtai apì to ìnoma thc metablht c.
Gia par�deigma, $movie-name.

• Ta sqìlia perikleÐontai an�mesa se (: kai se :). Gia par�deigma, (: comment :).

Oi erwt seic sthn XQuery eÐnai organwmènec se parast�seic pou apoteloÔntai apì
tèsseric enìthtec: for, let, where kai return (en suntomÐa, anafèrontai wc ”FLWR”).
H enìthta for dÐnei mÐa seir� apì metablhtèc pou diafèroun apì ta apotelèsmata twn
parast�sewn XPath. 'Otan kajorÐzontai perissìterec apì mÐa metablhtèc, ta apotelès-
mata perilamb�noun to kartesianì ginìmeno twn pijan¸n tim¸n pou mporoÔn na l�boun oi
metablhtèc. O ìroc let apl¸c epitrèpei na antistoiqoÔntai perÐplokec parast�seic se onìma-
ta metablht¸n, gia aplìthta thc anapar�stashc. H enìthta where k�nei epipleìn elègqouc
gia tic sundedemènec eggrafèc apì thn enìthta for. Tèloc, h enìthta return epitrèpei thn
kataskeu  apotelesm�twn sthn XML, ta opoÐa kai epistrèfei.

MÐa apl  par�stash FLWR pou epistrèfei ta onìmata taini¸n me bajmologÐa megalÔterh
apì 8 tou Sq matoc 2.2 parousi�zetai parak�tw:

for $x in /cinemas-movies/movies/movie
let $movie-name := $x/@name
where $x/rating > 8
return <movie-name>$movie-name</movie-name>

Ja epistrafoÔn loipìn ta ex c stoiqeÐa:
<movie-name>”Million Dollar Baby”</movie-name>
<movie-name>”As Good As It Gets”</movie-name>

AfoÔ h er¸thsh aut  eÐnai polÔ apl , o ìroc let den eÐnai aparaÐthtoc kai h metablht 
$movie-name ston ìro return ja mporoÔse na antikatastajeÐ me thn $x/@name. EpÐshc,
afoÔ o ìroc for qrhsimopoieÐ parast�seic XPath, oi epilogèc mporoÔn na sumboÔn mèsa sthn
par�stash XPath me thn eisagwg  k�poiou kathgor matoc epilog c. 'Etsi, mÐa isodÔnamh
er¸thsh mporeÐ na èqei mìno ìrouc for kai return:

for $x in /cinemas-movies/movies/movie[rating > 8]
return <movie-name>$x/@name</movie-name>

P�ntwc, o ìroc let aplopoieÐ perÐplokec erwt seic.
Oi parast�seic diadrom¸n sthn XQuery mporeÐ na epistrèyoun èna pollaplì sÔnolo,

me epanalambanìmenouc kìmbouc. H sun�rthsh distinct mporeÐ na qrhsimopoihjeÐ akìma
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kai me èna ìro for. H XQuery parèqei epÐshc sunoptikèc sunart seic me sum kai count,
pou mporoÔn na efarmostoÔn se sullogèc ìpwc sÔnola kai pollapl� sÔnola. EpÐshc, oi
metablhtèc pou paÐrnoun ìrouc let mporeÐ na eÐnai sÔnola   pollapl� sÔnola, an h par�stash
thc diadrom c sth dexi� pleur� epistrèfei èna sÔnolo   pollaplì sÔnolo.

Ta apotelèsmata mporoÔn na taxinomhjoÔn sthn XQuery me ènan ìro order by. O
ìroc autìc kajorÐzei p¸c ja prèpei na taxinomhjoÔn ta stigmiìtupa thc par�stashc. Gia
par�deigma, h prohgoÔmenh er¸thsh ja mporoÔse na grafeÐ:

for $x in /cinemas-movies/movies/movie

let $movie-name := $x/@name

where $x/rating > 8

order by $x/rating descending

return <movie-name>$movie-name</movie-name>

Me aut n thn tropopoÐhsh, oi tainÐec ja epistrafoÔn me fjÐnousa seir� bajmologÐac.
An jèlame me aÔxousa, apl� ja paraleÐpame ton ìro descending. H taxinìmhsh mporeÐ na
gÐnei se pollapl� epÐpeda ènjeshc.

Prèpei epÐshc na anafèroume ìti h XQuery parèqei kai th dunatìthta èkfrashc upì
sunj kh if-then-else me profan  leitourgikìthta. Gia par�deigma, h er¸thsh:

for $x in /cinemas-movies/movies/movie

return if ($x/rating=10)

then <masterpiece-name>$x/@name</masterpiece-name>

else <moviename>$x/@name</moviename>

ja epistrèyei ta ex c apotelèsmata:
<masterpiece-name>”Million Dollar Baby”</masterpiece-name>

<movie-name>”As Good As It Gets”</movie-name>

H gl¸ssa XQuery parèqei di�forec enswmatwmènec sunart seic (p�nw apì 100) kai up-
osthrÐzei sunart seic orismènec apì to qr sth. Gia par�deigma, h enswmatwmènh sun�rthsh
document(name) epistrèfei th rÐza enìc eggr�fou me ìnoma name. H rÐza mporeÐ met� na
qrhsimopoihjeÐ se mÐa par�stash diadrom c gia prìsbash sta perieqìmena tou eggr�fou.
MÐa kl sh se mÐa sun�rthsh mporeÐ na emfanisteÐ opoud pote mporeÐ na emfanisteÐ mÐa
èkfrash. Gia par�deigma, mporeÐ na brejeÐ mèsa se èna kathgìrhma epilog c, ìpwc sto pa-
r�deigma /cinemas-movies/movies/movie[substring(director,1,5)=′Clint′], to opoÐo elègqei
gia stoiqeÐa director twn opoÐwn oi 5 pr¸toi qarakt rec eÐnai ′Clint′.

2.2.3 ApotÐmhsh Erwt sewn

H gl¸ssa XQuery apoteleÐ mÐa tupopoihmènh prosp�jeia orismoÔ mÐac gl¸ssac erwt -
sewn se XML èggrafa, ta opoÐa èqoun montelopoihjeÐ me to montèlo dèndrou. Saf¸c, mÐa
tètoia dunatìthta eÐnai ek twn wn ouk �neu, afoÔ de ja eÐqe nìhma h an�ptuxh mÐac de facto
gl¸ssac antallag c dedomènwn ìpwc h XML qwrÐc th dunatìthta na upob�lloume erwt -
seic. Ja  tan san na organ¸name mÐa sqesiak  b�sh dedomènwn gia thn apoj keush twn
dedomènwn enìc ter�stiou organismoÔ, qwrÐc ìmwc na èqoume th dunatìthta na ekteloÔme
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erwt seic se aut  th b�sh dedomènwn mèsw thc k�poiac gl¸ssac erwt sewn ìpwc h SQL:
arg�   gr gora h b�sh dedomènwn ja kajÐstato �qrhsth! 'Etsi kai me th gl¸ssa XML:
gia th leitourgikìtht� thc èqei an�gkh apì tic gl¸ssec XPath kai XQuery.

Wstìso, h gl¸ssa XQuery, an kai exairetik c spoudaiìthtac, apoteleÐ to exwterikì
perÐblhma diepaf c tou qr sth tou XML eggr�fou me to èggrafo. Sthn pragmatikìthta,
par�llhla me thn an�ptuxh glwss¸n erwt sewn diex�getai shmantik  èreuna gia to p¸c
mporoÔn na apotimhjoÔn oi erwt seic pou ekfr�zoume mèsw mÐac gl¸ssac erwt sewn, ìpwc
h XQuery (antÐstoiqa me thn èreuna sto q¸ro twn b�sewn dedomènwn gia to p¸c mporoÔn
na upologistoÔn apodotik� SQL erwt seic).

Ac jewr soume gia par�deigma, empneusmènoi apì to èggrafo tou Sq matoc 2.1, thn
ekfrasmènh se XQuery er¸thsh:

for $c in /cinemas/cinema[@name=”Alexandra” or region=”Stadiou”]
for $m in $c/movies/movie
return $m/@name

Shmasiologik�, h er¸thsh aut  epistrèfei touc tÐtlouc twn taini¸n pou eÐte paÐzontai
ston kinhmatogr�fo ”Alexandra”   sthn perioq  ”Stadiou”. Perièqei treic XPath parast�-
seic diadrom c, mÐa se kajèna apì touc ìrouc for, kai mÐa ston ìro return. MporoÔme eÔkola
na fantastoÔme to prokÔpton dèndro thc er¸thshc. Up�rqoun AND kai OR kìmboi diak-
l�dwshc, oi opoÐoi kajorÐzoun ìti ìloi   toul�qiston èna apì ta (upo)prìtupa k�tw apì
ton kìmbo diakl�dwshc prèpei na tairi�zoun, antÐstoiqa.

Me thn XQuery perigr�foume loipìn th shmasiologÐa thc er¸thshc, all� den upeis-
erqìmaste sto skèloc tou p¸c ja gÐnei h apotÐmhsh aut , to opoÐo brÐsketai ston pur na
tou probl matoc twn erwt sewn. Ja gÐnei anadi�taxh tou dèntrou er¸thshc gia na katal x-
oume se èna aploÔstero dendrikì prìtupo; Ja upologistoÔn oi parast�seic diadrom c me
th dedomènh seir�   ja gÐnei k�poia beltistopoÐhsh; Kai, epÐshc, p¸c ja upologistoÔn oi
apant seic stic di�forec ekfr�seic XPath; Me ènan aploðkì algìrijmo di�sqishc tou XML
eggr�fou, mèsw met�frashc sto sqesiakì montèlo,   me mÐa nèa teqnik ;

'Opwc blèpoume ta erwt mata pou genn¸ntai eÐnai poll� kai eÐnai idiaÐtera proklhtikì
na ta antimetwpÐsoume apodotik�. Sta epìmena dÔo kef�laia, ja prospaj soume na apan-
t soume sto genikìtero er¸thma apotÐmhshc erwt sewn me prìtupo dendrik c morf c all�
kai me prìtupo monopatioÔ merik¸c kajorismèno, prospaj¸ntac na orÐsoume akrojig¸c mÐa
gl¸ssa orismoÔ erwt sewn monopatioÔ merik c dom c.

2.3 Sqetikèc ErgasÐec

Oi erwt seic gia dedomèna XML perilamb�noun domik� prìtupa apoteloÔmena apì stoiqeÐa-
kìmbouc kai domikèc sqèseic metaxÔ touc. To taÐriasma (match) aut¸n twn protÔpwn se
èna XML dèntro eÐnai basik  leitourgÐa twn algorÐjmwn apotÐmhshc erwt sewn XML. Pol-
loÐ algìrijmoi èqoun  dh protajeÐ gia thn apotÐmhsh eidik¸n morf¸n erwt sewn, ìpwc oi
duadikèc domikèc sqèseic (binary structural relationships), oi erwt seic monopatioÔ kai oi
erwt seic dèntrou.
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H pr¸imh èreuna sto q¸ro esti�zei sthn apotÐmhsh duadik¸n domik¸n sqèsewn. Sto [12]
parousi�zetai o algìrijmoc Multi-Predicate Merge Join (MPMGJN) gia thn apotÐmhsh
aut¸n twn erwt sewn. O Al-Khalifa kai �lloi ([1]) eis�goun mia oikogèneia algorÐjmwn
stoÐbac pou eÐnai pio apotelesmatikoÐ apì ton MPMGJN, kaj¸c den apaitoÔn pollapl 
di�sqish tou XML dèntrou. Algìrijmoi gia apotÐmhsh erwt sewn me di�spas  touc se
duadikèc domikèc sqèseic melet¸ntai sto [23] kai proteÐnontai trìpoi beltistopoÐhshc thc
seir�c sunènwshc twn sqèsewn aut¸n.

Teqnikèc di�spashc thc er¸thshc se duadikèc domikèc sqèseic kai sunènwshc twn epimèr-
ouc apotelesm�twn mporoÔn na efarmostoÔn se pollèc morfèc erwt sewn, ìpwc oi erwt -
seic monopatioÔ   dèntrou. Autì ìmwc eÐnai aneparkèc lìgw tou meg�lou arijmoÔ endi�meswn
apotelesm�twn. Gia na apofÔgoun autì to prìblhma, o Bruno kai �lloi ([2]) parousÐasan
duo algorÐjmouc stoÐbac, ton PathStack kai ton TwigStack, gia thn apotÐmhsh erwt sewn
monopatioÔ kai dèntrou antÐstoiqa. O PathStack eÐnai bèltistoc gia erwt seic monopa-
tioÔ, en¸ o TwigStack eÐnai bèltistoc gia erwt seic dèntrou qwrÐc sqèseic gonèa-paidioÔ
(parent-child relationships).

PolloÐ ereunhtèc èqoun katapiasteÐ me di�forec epekt�seic tou TwigStack. Gia par�-
deigma, sto [9], o algìrijmoc TwigStackList apotim� apotelesmatik� dentrikèc erwt -
seic me sqèseic gonèa-paidioÔ. Epiplèon, sto [24], o algìrijmoc Twig2Stack apotim�
genikeumènec erwt seic dèntrou me proairetikèc domikèc sqèseic. O Chen kai �lloi sto
[3] proteÐnan algorÐjmouc pou qeirÐzontai erwt seic se dedomèna me dom  dag. Mèjodoi
apotÐmhshc erwt sewn dèntrou me kathgor mata OR anaptÔssontai sto [5]. Sto [7], to
euret rio XR-tree qrhsimopoieÐtai gia thn apofug  tou qeirismoÔ dedomènwn pou de sum-
metèqoun sthn ap�nthsh thc er¸thshc. To [4] parousi�zei ton algìrijmo TwigOptimal,
pou qrhsimopoieÐ touc virtual cursors [11] gia na epitaqÔnei th di�sqish tou XML dèntrou.

Erwt seic dendrikoÔ protÔpou merik¸c kajorismènhc dom c eis qjhsan apì to Jeodwr�-
to kai �llouc sta [15, 16]. Se autèc tic dhmosieÔseic, oi erwt seic merik¸c kajorismènhc
dom c apotim¸ntai dhmiourg¸ntac èna sÔnolo apì pl reic dendrikèc erwt seic me b�sh touc
gr�fouc eurethrÐou (domhmènec peril yeic twn dedomènwn). Tèloc, o Sould�toc kai �lloi
proteÐnoun sto [17] mia nèa gl¸ssa erwt sewn gia erwt seic protÔpou monopatioÔ merik c
dom c kai eis�goun touc algìrijmouc PartialMJ kai PartialPathStack gia thn apotÐmhsh
twn erwt sewn aut¸n.
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<cinemas>

<cinema name=”Alexandra” region=”Ampelokhpoi”>

<movies>

<movie name=”War of the Worlds” reservations=”1” max reservations=”3”>

<director>Steven Spielberg</director>

<actor>Tom Cruise</actor>

<genre>Science Fiction</genre>

<rating>6</rating>

<hour>21:00</hour>

<reservations>

<reservation>

<name>George Manolis</name>

<payment>Cash</payment>

</reservation>

</reservations>

</movie>

<movie name=”Million Dollar Baby” reservations=”0” max reservations=”4”>

<director>Clint Eastwood</director>

<actor>Hillary Swank</actor>

<genre>Drama</genre>

<rating>10</rating>

<hour>20:00</hour>

<reservations/>

</movie>

</movies>

</cinema>

<cinema name=”Ideal Lux” region=”Panepisthmiou”>

<movies>

<movie name=”As Good As It Gets” reservations=”2” max reservations=”2”>

<director>James Brooks</director>

<actor>Jack Nicholson</actor>

<actor>Helen Hunt</actor>

<genre>Comedy</genre>

<rating>8.5</rating>

<hour>22:00</hour>

<reservations>

<reservation>

<name>Vasiliki Ntikou</name>

<payment>Credit Card</payment>

</reservation>

</reservations>

</movie>

</movies>

</cinema>

<cinema name=”Apollon” region=”Stadiou”>

This cinema is one of the most historic in Athens.

<movies>

<movie name=”Titanic” reservations=”2” max reservations=”4”>

<director>James Cameron</director>

<actor>Leonardo Di Caprio</actor>

<actor>Kate Winslet</actor>

<genre>Historic Drama</genre>

<rating>9</rating>

<hour>20:00</hour>

<reservations>

<reservation>

<name>Antonis Aleksandrou</name>

<payment>Cash</payment>

</reservation>

</reservations>

</movie>

</movies>

</cinema>

</cinemas>

Sq ma 2.1: Par�deigma XML Eggr�fou.
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<cinemas-movies>

<cinemas>

<cinema name=”Alexandra” region=”Ampelokhpoi”>

<cinema-id>1</cinema-id>

</cinema>

<cinema name=”Ideal Lux” region=”Panepisthmiou”>

<cinema-id>2</cinema-id>

</cinema>

</cinemas>

<movies>

<movie name=”War of the Worlds” reservations=”1” max reservations=”3”>

<movie-id>1</movie-id>

<director>Steven Spielberg</director>

<actor>Tom Cruise</actor>

<genre>Science Fiction</genre>

<rating>6</rating>

<hour>21:00</hour>

<reservations>

<reservation>

<name>George Manolis</name>

<payment>Cash</payment>

</reservation>

</reservations>

</movie>

<movie name=”Million Dollar Baby” reservations=”0” max reservations=”4”>

<movie-id>2</movie-id>

<director>Clint Eastwood</director>

<actor>Hillary Swank</actor>

<genre>Drama</genre>

<rating>10</rating>

<hour>20:00</hour>

<reservations/>

</movie>

<movie name=”As Good As It Gets” reservations=”2” max reservations=”2”>

<movie-id>3</movie-id>

<director>James Brooks</director>

<actor>Jack Nicholson</actor>

<actor>Helen Hunt</actor>

<genre>Comedy</genre>

<rating>8.5</rating>

<hour>22:00</hour>

<reservations>

<reservation>

<name>Vasiliki Ntikou</name>

<payment>Credit Card</payment>

</reservation>

</reservations>

</movie>

</movies>

<movies in cinema>

<cinema-id>1</cinema-id>

<movie-id>1</movie-id>

<movie-id>2</movie-id>

</movies in cinema>

<movies in cinema>

<cinema-id>2</cinema-id>

<movie-id>3</movie-id>

</movies in cinema>

</cinemas-movies>

Sq ma 2.2: To èggrafo tou Sq matoc 2.1 qwrÐc ènjesh metaxÔ twn stoiqeÐwn cinema kai
movies.
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<!DOCTYPE cinemas [

<!ELEMENT cinemas( cinema* )>
<!ELEMENT cinema( movies )>
<!ELEMENT movies( (movie)* )>
<!ELEMENT movie( director, actor+, genre, rating, hour, reservations )>
<!ELEMENT reservations( reservation* )>
<!ELEMENT reservation( name, payment )>
<!ELEMENT director( #PCDATA )>
<!ELEMENT actor( #PCDATA )>
<!ELEMENT genre( #PCDATA )>
<!ELEMENT rating( #PCDATA )>
<!ELEMENT hour( #PCDATA )>
<!ELEMENT name( #PCDATA )>
<!ELEMENT payment( #PCDATA )>

<!ATTLIST cinema name CDATA #REQUIRED>

<!ATTLIST cinema region CDATA #IMPLIED>

<!ATTLIST movie name CDATA #REQUIRED>

<!ATTLIST movie reservations CDATA #IMPLIED>

<!ATTLIST movie max reservations CDATA #IMPLIED>

]>

Sq ma 2.3: Par�deigma enìc DTD.
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<r>
<section>

<xml>
<section>

<data>...</data>
</section>

<section>

<queries>...</queries>
</section>

</xml>
</section>

<section lang=”...”>
<xml>...</xml>

</section>

</r>

Sq ma 2.4: XML 'Eggrafo D.

(0:19,0)r

(16:17,2)x(14:15,2)l

 s: section
x: xml

Legend

d: data
q: queries
l: lang

s (13:18,1)s (1:12,1)

x (2:11,2)

s (3:6,3) s (7:10,3)

d (4:5,4) q (8:9,4)

Sq ma 2.5: XML Dèntro T .





Kef�laio 3

Teqnikèc EpexergasÐac
Erwt sewn XML me Prìtupa
Monop�tia kai Dèntra

3.1 Prokatarktikèc 'Ennoiec

To kef�laio autì stoqeÔei sthn an�lush twn gnwstìterwn kai spoudaiìterwn teqnik¸n
epexergasÐac erwt sewn XML me prìtupa monop�tia kai dèntra pou èqoun protajeÐ sthn
eurÔterh bibliografÐa. Proc aut n thn kateÔjunsh eÐnai aparaÐthth h eisagwg  k�poiwn
prokatarktik¸n ennoi¸n gÔrw apì ton Ðdio ton orismì tou probl matoc, all� kai twn di-
afìrwn dom¸n dedomènwn pou dieukolÔnoun thn epÐlus  tou.

Dedomènou ìti to prìblhma twn erwt sewn me prìtupa monop�tia eÐnai sthn ousÐa gn sia
upoperÐptwsh tou genikìterou probl matoc thc er¸thshc me dendrik� prìtupa, ja asqol-
hjoÔme diexodik� mìno me to prìblhma twn dendrik¸n erwt sewn, to opoÐo perilamb�nei
to eukolìtero prìblhma twn erwt sewn monopatioÔ. Monadik  exaÐresh se autì eÐnai h
epistamènh asqolÐa mac me to prìblhma twn erwt sewn monopatioÔ sthn enìthta 3.3 pou
proteÐnetai sthn ergasÐa [2], afoÔ h katanìhs  tou eÐnai o jemèlioc lÐjoc gia thn empèd-
wsh twn mejìdwn epexergasÐac erwt sewn monopatioÔ merik c dom c pou anafèrontai sto
epìmeno kef�laio.

3.1.1 TaÐriasma Erwt sewn me Dendrik� Prìtupa

MÐa er¸thsh me dendrikì prìtupo eÐnai sthn ousÐa èna kathgìrhma epilog c p�nw se
pollapl� stoiqeÐa se mÐa XML b�sh dedomènwn, h opoÐa me th seir� thc mporeÐ na jew-
rhjeÐ wc mÐa sullog  apì XML èggrafa, sÔmfwna me ìsa perigr�fhsan leptomereiak� sto
prohgoÔmeno kef�laio. Tètoiec erwt seic mporoÔn genik� na anaparastajoÔn wc dèntra me
shmasmènouc kìmbouc. To taÐriasma miac tètoiac er¸thshc p�nw se mÐa XML b�sh dedomè-
nwn isodunameÐ me thn eÔresh ìlwn twn emfanÐsewn tou dendrikoÔ protÔpou mèsa sth b�sh
dedomènwn. Pio tupik�:

45
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Orismìc 3.4. Dojeis¸n mÐac er¸thshc me dendrikì prìtupo Q kai mÐac XML b�shc dedo-
mènwn D, taÐriasma tou Q sth b�sh D eÐnai mÐa antistoÐqish apì touc kìmbouc thc er¸thshc
Q stouc kìmbouc thc b�shc dedomènwn D, ètsi ¸ste: (i) ta kathgor mata twn kìmbwn thc
er¸thshc ikanopoioÔntai apì touc antÐstoiqouc kìmbouc thc b�shc D, (ii) oi domikèc sqè-
seic (patèra-paidioÔ   progìnou-apogìnou) metaxÔ twn kìmbwn thc Q ikanopoioÔntai apì
touc antÐstoiqouc kìmbouc thc D. 2

H ap�nthsh thc Q me n kìmbouc mporeÐ na anaparastajeÐ wc mÐa n-adik  sqèsh, ìpou
k�je eggraf  (d1,d2, ..., dn) apoteleÐtai apì kìmbouc thc XML b�shc dedomènwn, oi opoÐoi
kajorÐzoun èna xeqwristì taÐriasma thc Q sth D.

Shmei¸noume ìti an kai gia thn plhrìthta thc jewrÐac anafèroume to genikì orismì,
sthn paroÔsa ergasÐa ja asqolhjoÔme mìno me to eidikì prìblhma twn erwt sewn p�nw se
XML dèntra, kai ìqi se XML b�seic dedomènwn.

3.1.2 Anapar�stash thc jèshc se XML dedomèna kai Sq mata K-
wdikopoÐhshc

Ac skeftoÔme gia lÐgo mÐa efarmog , ìpou mÐa seir� apì erwt seic gÐnetai se mÐa XML
b�sh dedomènwn polÔ meg�lou megèjouc. MÐa qondroeid c lÔsh ja  tan na diasqÐzoume ta
di�fora XML dèntra me qr sh k�poiou apì touc gnwstoÔc algìrijmouc di�sqishc dèndrwn
(post−order, pre−order, in−order) kai sth sunèqeia na brÐskame thn ap�nthsh sthn arqik 
er¸thsh efarmìzontac k�poion algìrijmo epexergasÐac p�nw sta dedomèna pou sullèxame
apì ton algìrijmo di�sqishc. MÐa tètoia aploðk  prosèggish ja eÐqe ìmwc to anupèrblhto
meionèkthma ìti gia k�je er¸thsh ja èprepe na ekteloÔme di�sqish tou dèndrou, akìmh ki an
eÐqame mÐa stajer  b�sh dedomènwn ìpou ekteloÔme epanalambanìmena erwt mata. Epiplèon,
h teqnik  aut  ja mac katadÐkaze sth di�sqish olìklhrou tou dèndrou, to opoÐo mporeÐ na
perièqei kìmbouc me pollèc diaforetikèc etikètec, akìmh ki an ta kathgor mata epilog c
thc er¸ths c mac eÐnai polÔ ligìtera.

Gia touc parap�nw lìgouc eÐnai loipìn epitaktik  h an�gkh prosdiorismoÔ enìc apodotikoÔ
sq matoc s manshc twn kìmbwn thc b�shc dedomènwn, ¸ste na katafèroume na ”sull�boume”
th domik  plhroforÐa twn XML eggr�fwn pou eÐnai aparaÐthth gia thn epexergasÐa thc
er¸thshc. K�je èna apì ta sq mata aut� èqei diaforetik  qwrik  poluplokìthta an�loga
me to mègejoc thc plhroforÐac pou apojhkeÔei kai diaforetikì plhroforiakì perieqìmeno,
to opoÐo mporoÔme na fantastoÔme wc èna deÐkth tou pìsh plhroforÐa sqetik� me ta XML
èggrafa prosfèrei o en lìgw mhqanismìc. Ta dÔo aut� megèjh èqoun sun jwc arnhtik 
susqètish gia profaneÐc lìgouc.

Parak�tw parousi�zoume merikoÔc apì touc shmantikìterouc mhqanismoÔc anapr�stashc
jèshc pou anafèrontai sth bibliografÐa, en¸ stic epìmenec enìthtec ja faneÐ h praktik 
qrhsimìtht� touc.
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KwdikopoÐhsh jèshc me qr sh Anestrammènwn EurethrÐwn

H ènnoia twn anestrammènwn eurethrÐwn eÐnai sten� sundedemènh me thn ereunhtik  pe-
rioq  thc an�klhshc plhroforÐac ([25], kef�laio 22.5). Sthn perÐptwsh twn XML b�sewn
dedomènwn, èna anestrammèno euret rio apoteleÐtai apì mÐa lÐsta gia k�je xeqwristì stoiqeÐ-
o s manshc pou perièqetai sto sÔnolo dedomènwn, ìpou to stoiqeÐo s manshc eÐnai sun jwc
mÐa epikefalÐda, mÐa idiìthta   èna stoiqeÐo keimènou. H antÐstoiqh lÐsta perilamb�nei è-
na stoiqeÐo gia k�je emf�nish tou stoiqeÐou s manshc sth b�sh dedomènwn kai eÐnai taxi-
nomhmènh kat� tic plhroforÐec jèshc sÔmfwna me èna mhqanismì anapar�stashc jèshc pou
onom�zetai kwdikopoÐhsh jèshc.

H kwdikopoÐhsh aut  anafèretai stouc XML kìmbouc apojhkeÔontac plhroforÐa sqetik�
me thn arq , to tèloc kai to epÐpedo enìc kìmbou sto XML dèntro. Gia lìgouc aplìthtac
kai dÐqwc bl�bh thc genikìthtac, de jewroÔme thn plhroforÐa tou arijmoÔ eggr�fou, upo-
jètontac ìti mìno èna XML èggrafo eÐnai upì epexergasÐa. H idèa epekteÐnetai eÔkola kai
se megalÔtero arijmì eggr�fwn.

H arq  kai to tèloc mporoÔn na eurejoÔn aparijm¸ntac ìla ta stoiqeÐa (epikefalÐdec
arq c, epikefalÐdec tèlouc, mon�dec keimènou) thc b�shc dedomènwn. Oi arijmoÐ pou apodÐ-
dontai stic epikefalÐdec arq c kai tèlouc enìc kìmbou sumpÐptoun me thn arq  kai to tèloc
antÐstoiqa. Gia na apofÔgoume èna diaforetikì mhqanismì gia tic mon�dec keimènou, ed¸
upojètoume ìti h arq  kai to tèloc sumpÐptoun gia autoÔc. To epÐpedo anaparist� to b�joc
tou kìmbou sto XML dèntro, me th rÐza na eÐnai sto epÐpedo 0. EÐnai m�lista Ðsoc me ton
arijmì twn epikefalÐdwn ìpou fwli�zetai o kìmboc. Telik�, k�je stoiqeÐo ja qarakthrÐze-
tai apì thn plhroforÐa: (start:end,level), ìpou ìmwc stic mon�dec keimènou oi timèc twn
start kai end sumpÐptoun. Enallaktik�, ja mporoÔsame gia tic mon�dec keimènou na qrhsi-
mopoi soume thn kwdikopoÐhsh (start,level) (na paraleÐyoume dhlad  to end pou isoÔtai
me to start), me to pijanì ìmwc meionèkthma thc mh omoiomorfÐac stic kwdikopoÐhshc twn
stoiqeÐwn epikefalÐdac kai twn mon�dwn keimènou.

To anestrammèno euret rio taxinomeÐtai kat� aÔxousa seir� thc plhroforÐac arq c k�je
stoiqeÐou tou XML eggr�fou, ètsi ¸ste ta fwliasmèna stoiqeÐa na brÐskontai met� ta
exwterik� stoiqeÐa tou sunìlou dedomènwn .

H anapar�stash aut  mac parèqei th dunatìthta elègqou gia Ôparxh domik¸n sqèsewn.
Sugkekrimèna:

(a)sqèsh progìnou-apogìnou: ènac kìmboc tou dèntrou n2, tou opoÐou h jèsh kwdikopoieÐ-
tai wc: (start2:end2,level2), eÐnai apìgonoc enìc kìmbou tou dèndrou n1, tou opoÐou h jèsh
kwdikopoieÐtai wc (start1:end1,level1), an kai mìno an level1 < level2, kai end2 < end1. Sthn
perÐptwsh pou h kwdikopoÐhsh jèshc perilamb�nei epÐshc kai ton arijmì eggr�fou, dhlad 
eÐnai thc morf c: (docnumber,start:end,level), ìpou docNumber o arijmìc eggr�fou, ja
prèpei epiplèon na isqÔei sthn prohgoÔmenh isodunamÐa ìti docnumber1 = docnumber2.

(b)sqèsh patèra-paidioÔ: ènac kìmboc tou dèntrou n2, tou opoÐou h jèsh kwdikopoieÐ-
tai wc: (start2:end2,level2), eÐnai paidÐ enìc kìmbou tou dèndrou n1, tou opoÐou h jèsh
kwdikopoieÐtai wc (start1:end1,level1), an kai mìno an level1 + 1 = level2, end2 < end1, kai
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start1 < start2. 'Opwc kai prin, sthn perÐptwsh pou h kwdikopoÐhsh jèshc perilamb�nei e-
pÐshc kai ton arijmì eggr�fou, dhlad  eÐnai thc morf c: (docnumber,start:end,level), ìpou
docNumber o arijmìc eggr�fou, ja prèpei epiplèon na isqÔei sthn prohgoÔmenh isodunamÐa
ìti docnumber1 = docnumber2.

(g)kontinìthta dÔo kìmbwn: dÔo kìmboi, n1 kai n2 me antÐstoiqec kwdikopoi seic jèshc
docnumber1,start1:end1,level1) kai docnumber2,start2:end2,level2) èqoun kontinìthta k,
an kai mìno an |start1 - start2| = k kai docnumber1 = docnumber2. Profan¸c, an up�rqei
kìmboc me megalÔtero level, autìc ja brÐsketai pio bajei� mèsa sto XML èggrafo.

'Ena shmantikì shmeÐo pou prèpei na proseqjeÐ sqetik� me thn perigrafeÐsa kwdikopoÐhsh
jèshc twn kìmbwn tou XML dèntrou eÐnai ìti o èlegqoc gia sqèsh progìnou-apogìnou eÐnai
tìso aplìc ìso o èlegqoc gia sqèsh patèra-paidioÔ (mporoÔme na elègxoume gia thn Ôparxh
sqèshc apogìnou-progìnou) qwrÐc na èqoume gn¸sh twn endi�meswn kìmbwn sto monop�ti),
en¸ exÐsou apl  eÐnai h eÔresh thc kontinìthtac metaxÔ dÔo kìmbwn.

Oi parap�nw idiìthtec mac dÐnoun, tèloc, th dunatìthta na èqoume mÐa poikilÐa apì lei-
tourgÐec p�nw sta anestrammèna euret ria. Gia na epexergastoÔme thn èkfrash ”a//b”,
ta anestrammèna euret ria twn a kai b anakaloÔntai kai oi di�forec emfanÐseic se aut�
sugqwneÔontai, an kai mìno an ikanopoioÔn th sqèsh progìnou-apogìnou. Me teleÐwc an�l-
ogo trìpo qeirizìmaste kai ekfr�seic thc morf c ”a/b”, me th diafor� ìti t¸ra jèloume
oi di�forec emfanÐseic sta dÔo euret ria na ikanopoioÔn th sqèsh patèra-paidioÔ pou peri-
gr�yame prohgoumènwc.

Par�deigma 3.1. Oi idiìthtec arq c, tèlouc, epipèdou twn stoiqeÐwn sthn XML b�sh
dedomènwn tou Sq matoc 3.1 anagr�fontai dÐpla se k�je stoiqeÐo. Gia par�deigma, to pr¸to
paidÐ th rÐzac, pou shmaÐnetai apì S èqei anapar�stash jèshc (1:12, 1), afoÔ (a) h epike-
falÐda < S > èqei deÐkth 1 sth b�sh dedomènwn, (b) h epikefalÐda < /S > èqei deÐkth 12
kai (g) S eÐnai sto epÐpedo 1, fwliasmèno mìno apì th rÐza, dhlad  èna stoiqeÐo. 2

(0:19,0)r

(16:17,2)x(14:15,2)l

 s: section
x: xml

Legend

d: data
q: queries
l: lang

s (13:18,1)s (1:12,1)

x (2:11,2)

s (3:6,3) s (7:10,3)

d (4:5,4) q (8:9,4)

Sq ma 3.1: XML Dèntro T .

Sq ma Ektetamènhc KwdikopoÐhshc Dewey

An kai h kwdikopoÐhsh jèshc pou anafèrjhke sthn prohgoÔmenh enìthta mporeÐ na
ektelèsei orismènec shmantikèc leitourgÐec, ìpwc èlegqoc thc sqèshc progìnou-apogìnou
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metaxÔ dÔo kìmbwn, èqei ton periorismì ìti h plhroforÐa pou perièqetai se k�je emf�nish tou
anestrammènou eurethrÐou eÐnai periorismènh. Gia par�deigma, h kwdikopoÐhsh aut  den parè-
qei plhroforÐec gia to ìnoma enìc stoiqeÐou   gia to poioi eÐnai oi prìgonoÐ tou. MÐa tètoia
plhroforÐa ja mporoÔse ìmwc na dieukolÔnei polÔ thn epexergasÐa k�poiwn erwthm�twn.
Gia par�deigma, an xèroume ìti h kwdikopoÐhsh ”1.2.3.4” parist�nei to monop�ti ”a/b/c/d”,
tìte eÐnai polÔ eÔkolo na prosdiorÐsoume an to monop�ti autì tairi�zei to er¸thma //c/d.
H ektetamènh kwdikopoÐhsh Dewey pou prot�jhke apì to Lu kai �llouc sto [10] eÐnai èna
polÔ isqurì sq ma kwdikopoÐhshc me polÔ megalÔtero plhroforiakì perieqìmeno, pou, ìpwc
dhl¸nei kai to ìnom� thc, apoteleÐ epèktash tou klasikoÔ sq matoc kwdikopoÐhshc Dewey
pou prot�jhke apì ton Tatarinov kai �llouc sto [8]. Fusik�, h aÔxhsh aut  sto plhrofo-
riakì perieqìmeno gÐnetai me epideÐnwsh thc upologistik c kai qwrik c poluplokìthtac thc
kwdikopoÐhshc.

Sthn kwdikopoÐhsh Dewey aut  k�je stoiqeÐo tou XML eggr�fou anaparist�tai apì
èna di�nusma, kai sugkekrimèna:
(a) h rÐza kwdikopoieÐtai apì thn ken  sumboloseir� ε (b) gia k�je kìmbo u pou den eÐnai
rÐza, èqoume: label(u) = label(s).x, ìpou u eÐnai to x-adikì paidÐ tou kìmbou s.

Profan¸c, to sq ma autì prosfèrei apodotik  apotÐmhsh thc domik c sqèshc metaxÔ
twn stoiqeÐwn tou XML eggr�fou. Pr�gmati, to stoiqeÐo u eÐnai prìgonoc tou stoiqeÐou
s, an kai mìno an to label(u) eÐnai prìjema tou label(s). H kwdikopoÐhsh aut  parèqei
epÐshc mÐa polÔ shmantik  dunatìthta: mporoÔme na ex�goume poioi eÐnai oi prìgonoi tou
exet�zontac mìno to label tou. 'Estw, gia par�deigma, ìti o kìmboc u èqei label ”1.2.3.4”,
tìte o goniìc tou ja shmaÐnetai wc ”1.2.3”, o pappoÔc tou wc ”1.2” k.o.k.

H ektetamènh kwdikopoÐhsh Dewey basÐzetai sthn anaferjeÐsa teqnik , all� thn epek-
teÐnei ¸ste na eÐnai se jèsh na enswmat¸sei plhroforÐa gia to ìnoma twn apogìnwn enìc
stoiqeÐou tou eggr�fou - pèra apì th dunatìthta kajorismoÔ thc s manshc twn kìmbwn.

MÐa profan c teqnik  gia na epitÔqoume autì ja  tan na k�noume qr sh k�poiwn epiplèon
bits, gia na parousi�soume thn akoloujÐa twn onom�twn twn progìnwn, akoloujoÔmenouc
apì thn prìtuph kwdikopoÐhsh Dewey. Wstìso, ta peiramatik� apotelèsmata sto [10]
deÐqnoun ìti to fortÐo pou prokÔptei apì to mègejoc tou label eÐnai idiaÐtera auxhmèno,
kajist¸ntac to qwrikì komm�ti thc mejìdou apagoreutik� meg�lo.

H duskolÐa aut  xeperniètai, an kwdikopoi soume ta onìmata twn stoiqeÐwn kat� m koc
enìc monopatioÔ se mÐa monadik  s mansh Dewey kai qrhsimopoi soume sth sunèqeia mÐ-
a antÐstoiqh mhqan  peperasmènwn katast�sewn (FiniteStateTransducer, FST ), gia na
apokwdikopoi soume ta onìmata twn stoiqeÐwn pou eÐnai prìgonoi enìc dedomènou kìmbou
tou XML eggr�fou. H basik  idèa pÐsw apì to ektetamèno sq ma eÐnai na qrhsimopoi -
soume mÐa sun�rthsh upoloÐpou (modulo) gia na dhmiourg soume mÐa antistoÐqish apì ènan
akèraio sto ìnoma tou stoiqeÐou, ètsi ¸ste dojeÐshc mÐac akoloujÐac akeraÐwn na mporoÔme
na th metatrèyoume se mÐa akoloujÐa onom�twn stoiqeÐwn. QwrÐc na mpoÔme se perissìterec
teqnikèc leptomèreiec, apl� anafèroume tic idiìthtec thc kwdikopoÐhshc aut c:

1. DojeÐshc mÐac ektetamènhc kwdikopoÐhshc Dewey enìc stoiqeÐou, mporoÔme na broÔme
ta onìmata ìlwn twn progìnwn tou (mèsw tou FST ).
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2. DojeÐshc mÐac ektetamènhc kwdikopoÐhshc Dewey enìc stoiqeÐou, mporoÔme na broÔme
tic kwdikopoi seic ìlwn twn progìnwn tou.

3. DÔo stoiqeÐa èqoun sqèsh progìnou-apogìnou, an kai mìno h mÐa apì tic antÐstoiqec
kwdikopoi seic touc eÐnai prìjema thc �llhc.

4. DÔo stoiqeÐa èqoun sqèsh patèra-paidioÔ, an kai mìno h mÐa apì tic antÐstoiqec
kwdikopoi seic touc eÐnai prìjema thc �llhc kai ta m kh touc diafèroun kat� th mon�da.

5. To stoiqeÐo a èpetai (  prohgeÐtai) tou stoiqeÐou b, an kai mìno an to label(a) eÐnai
megalÔtero (  mikrìtero) se lexikografik  di�taxh apì to label(b).

Shmei¸noume ìti an kai h kwdikopoÐhsh Dewey èqei saf¸c megalÔterh qwrik  polu-
plokìthta apì thn kwdikopoÐhsh jèshc pou perigr�fhke prohgoumènwc, èqei wstìso thn
Ðdia asumptwtik  qwrik  poluplokìthta me thn ektetamènh kwdikopoÐhsh Dewey, pr�gma
pou dÐnei sthn teleutaÐa èna shmantikì pleonèkthma gia endeqìmenh qr sh. 'Ena par�deigma
enìc XML dèntrou me thn antÐstoiqh kwdikopoÐhsh Dewey apeikonÐzetai sto Sq ma 3.2.
Tèloc, sthn enìthta 3.9 exhgeÐtai kai analÔetai o algìrijmoc TJFast, pou k�nei qr sh
aut c thc kwdikopoÐhshc.

Sq ma 3.2: 'Ena XML dèntro me thn ektetamènh kwdikopoÐhsh Dewey.

Di�foroi TÔpoi EurethrÐwn gia grhgorìterh EpexergasÐa Erwthm�twn

Ac epanèljoume sto arqikì er¸thma pou jèsame sthn enìthta 3.1 kai sthn prosp�jei�
mac na epexergastoÔme tic di�forec erwt seic sth b�sh dedomènwn. H kwdikopoÐhsh jèshc
lÔnei en mèrei to prìblhma, afoÔ mac epistrèfei mìno ta stoiqeÐa pou èqoun thn Ðdia s mansh
ìpwc kai oi kìmboi sthn er¸thsh pou jètoume. Wstìso, h beltÐwsh aut  den eÐnai arket 
se pollèc efarmogèc. Gia par�deigma, ja jèlame na eÐmaste se jèsh na brÐskoume gr gora
ekeÐna ta stoiqeÐa me dedomènh s mansh pou eÐnai pijanì na summetèqoun sthn ap�nthsh kai
na agnooÔme ìsa egguhmèna de summetèqoun.
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Ta anestrammèna euret ria den arkoÔn gia na antimetwpÐsoume autì to prìblhma, ètsi
prèpei pollèc forèc na katafÔgoume se �llouc tÔpouc eurethrÐwn. Se autì to shmeÐo
daneizìmaste stoiqeÐa apì thn perioq  twn sqesiak¸n b�sewn dedomènwn kai sugkekrimèna
miac polÔ gnwst c dom c eurethrÐou, gnwst c ki wc B+ dèndro. H dom  aut  analÔetai sto
[25](Kef�laio 12) kai ed¸ de ja upeisèljoume sthn an�lus  tou. Wc par�deigma mporoÔme
na doÔme ìti to B+ dèndro gia ta stoiqeÐa me s mansh directory tou XML dèndrou tou
Sq matoc 3.3(aþ) parousi�zetai sto Sq ma 3.3(bþ).

(aþ) XML 'Eggrafo

(bþ) B+ dèndro

Sq ma 3.3: XML 'Eggrafo kai B+ dèndro.

Epeid  ìmwc h anapar�stash jèshc qrhsimopoieÐ dÔo stoiqeÐa kai sugkekrimèna ta begin

kai end, to klasikì B+ dèntro prèpei na epektajeÐ ¸ste na mporeÐ na gÐnei apodotikì
euret rio gia ta stoiqeÐa enìc anestrammènou eurethrÐou. DÔo shmantikoÐ tÔpoi tètoiwn
eurethrÐwn èqoun protajeÐ: ta XR-dèndra[7] kai ta XB-dèndra[2].

To XR-dèntro eÐnai sthn ousÐa èna B+-dèntro pou qtÐzetai p�nw sto stoiqeÐo start

twn diafìrwn kìmbwn enìc eggr�fou, ìpou autoÐ oi kìmboi èqoun k�poia dedomènh s mansh.
To Sq ma 3.4(aþ) parousi�zei èna tètoio euret rio gia ta stoiqeÐa directory tou XML
eggr�fou tou Sq matoc 3.3(aþ). K�je eswterikìc kìmboc tou eurethrÐou sqetÐzetai me mÐa
lÐsta, h opoÐa apojhkeÔei ta diast mata twn stoiqeÐwn eisìdou pou mporoÔn na kalÔyoun
opoiod pote kleidÐ ston eswterikì kìmbo. Proc dieukìlunsh thc diadikasÐac anaz thshc
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mèsa stic lÐstec, k�je kleidÐ stouc eswterikoÔc kìmbouc sqetÐzetai epÐshc me to di�sthma
tou pr¸tou stoiqeÐou sthn antÐstoiqh lÐsta pou perièqei to kleidÐ, me thn proôpìjesh ìti
den up�rqei kleidÐ se k�poion prìgono kìmbo pou epÐshc na perièqei to en lìgw di�sthma.
Epiplèon, k�je stoiqeÐo enìc kìmbou fÔllou perilamb�nei kai mÐa shmaÐa pou deÐqnei an to
stoiqeÐo autì perièqetai se k�poia lÐsta twn eswterik¸n kìmbwn.

P�nw se aut  th dom  mporeÐ na oristeÐ mÐa seir� pr�xewn, ìpwc eÔresh progìnwn,
apogìnwn   stoiqeÐwn mèsa sth lÐsta enìc kìmbou kat� trìpo apodotikì, ìpwc perigr�fetai
sto [7], en¸ sthn Ðdia ergasÐa proteÐnetai kai ènac arket� apodotikìc algìrijmoc pou k�nei
qr sh thc dom c aut c gia gr gorh apotÐmhsh erwt sewn me prìtupo dendrik c morf c.

Sta meionekt mat� thc perilamb�netai afenìc h sqetik� akrib  sunt rhsh twn list¸n
sthn perÐptwsh eisagwg c   diagraf c, kaj¸c kai h adunamÐa thc na qeiristeÐ XML dedomèna
me uyhl  anadrom , afoÔ se ekeÐnh thn perÐptwsh oi lÐstec mporoÔn na èqoun mègejoc
poll¸n selÐdwn, me apotèlesma megalÔtera kìsth enhmer¸sewn kai an�gkh gia perissìtero
apojhkeutikì q¸ro.

Apì thn �llh, to XB-dèndro sundu�zei ta domik� qarakthristik� tìso tou B+-dèntrou
ìso kai tou R-dèndrou ([25], Enìthta 23.3.5.3). To euret rio autì pr¸ta deiktodoteÐ ta
diast mata (start, end) twn diafìrwn stoiqeÐwn se mÐa dendrik  dom , kat� ènan trìpo pou
jumÐzei èna monodi�stato R-dèndro. Sth sunèqeia, organ¸nei to start twn diasthm�twn twn
stoiqeÐwn kat� ton Ðdio trìpo me to B+-dèndro.

To Sq ma 3.3(bþ) apeikonÐzei to XB-dèndro pou kataskeu�zetai gia to XML dèndro tou
Sq matoc 3.3(aþ). K�je eswterikìc kìmboc diathreÐ èna sÔnolo apì perioqèc (diast mata)
pou perièqoun ìlec tic perioqèc twn kìmbwn-paidi¸n. Oi perioqèc twn kìmbwn sth dom 
aut  mporoÔn na epikalÔptontai merik¸c. Wstìso, diafèrei apì to R-dèndro sto ìti to
start twn diasthm�twn taxinomeÐtai se austhr� aÔxousa di�taxh. Se antÐjesh me to XR-
dèndro, to euret rio autì den perièqei dipl� antÐgrafa twn dedomènwn, pr�gma pou odhgeÐ
se qamhlìtero kìstoc enhmer¸sewn kai pio apodotik  qwrik  qrhsimopoÐhsh.

Qr sh aut c thc dom c gÐnetai sthn ergasÐa [2] kai sugkekrimèna ston algìrijmo TwigStack-
XB gia thn apodotik  apotÐmhsh dendrik¸n erwt sewn. O algìrijmoc autìc eÐnai mÐa beltÐ-
wsh tou algorÐjmou TwigStack pou proteÐnetai sthn Ðdia ergasÐa kai me ton opoÐo asqoloÔ-
maste epistamènwc sthn enìthta 3.4.2. Profan¸c, h shmasÐa tou ègkeitai sth dunatìthta
pou prosfèrei na agnooÔme stoiqeÐa tou eurethrÐou pou den mporoÔn na suneisfèroun sthn
ap�nthsh thc er¸thshc kai sthn apodotik  ulopoÐhsh k�poiwn leitourgi¸n, ìpwc anaz thsh
progìnwn enìc stoiqeÐou.

SÔntomh SÔgkrish Dom¸n EurethrÐou H paroÔsa diplwmatik  den asqoleÐtai
me touc algìrijmouc apotÐmhshc erwt sewn pou k�noun qr sh twn dom¸n eurethrÐou pou
perigr�yame prohgoumènwc, opìte den upeiserqìmaste se leptomèreiec. AntÐjeta, parapèm-
poume sta apotelèsmata tou Li kai �llwn [22], oi opoÐoi sugkrÐnoun ìla aut� ta sq ma-
ta me metrik  ton arijmì twn leitourgi¸n eisìdou-exìdou kai rujmÐzontac tic paramètrouc
thc epilektikìthtac progìnwn-apogìnwn, tou bajmoÔ emfwli�smatoc kai tou megèjouc tou
buffer thc kÔriac mn mhc. Lìgw èlleiyhc q¸rou, de ta parajètoume ed¸.
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(aþ) XR dèndro

(bþ) XB dèndro

Sq ma 3.4: Proqwrhmènoi TÔpoi EurethrÐwn.

'Eqontac anaferjeÐ ekten¸c stic shmantikìterec eisagwgikèc ènnoiec pou ja mac a-
pasqol soun sto kef�laio autì, suneqÐzoume sto upìloipo mèroc tou kefalaÐou me mÐa
anaskìphsh stic èwc t¸ra protajeÐsec mejìdouc apotÐmhshc dendrik¸n erwt sewn kaj¸c
kai erwt sewn monopatioÔ, dÐnontac th megalÔterh èmfash stouc algorÐjmouc PathStack

kai TwigStack, afoÔ p�nw se autoÔc basÐzontai oi algìrijmoi apotÐmhshc erwt sewn
monopatioÔ me merik  dom  pou ja perigrafoÔn se epìmena kaf�laia.

3.2 ApotÐmhsh Erwt sewn me Duadikèc Domikèc Sqè-
seic

Arqik�, to megalÔtero mèroc thc èreunac p�nw sthn apotÐmhsh XML erwt sewn èriqne
to megalÔtero b�roc sthn eÔresh tairiasm�twn duadik¸n domik¸n sqèsewn. Pr�gmati, mÐa
er¸thsh, ìso sÔnjeth ki an eÐnai, mporeÐ na aposuntejeÐ se èna sÔnolo apì duadikèc sqèseic,
opìte h arqik  er¸thsh protÔpou metasqhmatÐzetai se èna sÔnolo apì erwt seic duadik¸n
sqèsewn, kai sth sunèqeia prèpei: (a) na tairi�xoume k�je mÐa domik  sqèsh p�nw sthn
XML b�sh dedomènwn, kai (b) na sugqwneÔsoume swst� aut� ta epimèrouc tairi�smata. H
prosèggish aut  kat� thn opoÐa oi duadikèc sqèseic antimetwpÐzontai wc o jemèlioc lÐjoc
thc er¸thshc protÔpou anaptÔqjhkan kurÐwc sta plaÐsia twn ergasi¸n [12] kai [1] kai
perigr�fontai sunoptik� parak�tw.
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3.2.1 Prosèggish me SÔsthma DiaqeÐrishc Sqesiak¸n Susthm�twn
B�sewn Dedomènwn

'Opwc exhg same sthn enìthta 3.1.2, oi lÐstec anestrammènou eurethrÐou apoteloÔn ènan
polÔ apodotikì mhqanismì gia mÐa seir� apì erwt seic

Oi Zhang kai �lloi sta plaÐsia thc ergasÐac [12] asqoloÔntai me to jèma tou p¸c
mporoÔn na uposthriqjoÔn erwt seic domik¸n sqèsewn se sust mata sqesiak¸n b�sewn
dedomènwn. Pr�gmati, arqÐzontac me thn paradoq  ìti oi sqesiakèc b�seic dedomènwn ja
mporoÔsan na qrhsimopoihjoÔn gia thn apoj keush XML b�sewn dedomènwn, exet�zoun
to p¸c eÐnai kalÔtero na uposthrÐzontai domikèc XML erwt seic p�nw se tètoia sqesiak�
sust mata. Profan¸c, oi lÐstec anestrammènou eurethrÐou thc enìthtac 3.1.2 moi�zoun
wc ènac polÔ apodotikìc mhqanismìc gia thn apotÐmhsh aut¸n twn erwt sewn, paramènei
ìmwc to er¸thma tou p¸c mporeÐ na ulopoihjeÐ aut  h teqnologÐa sthn pr�xh. Sthn
ergasÐa aut , oi suggrafeÐc diakrÐnoun dÔo peript¸seic: (a) thn perÐptwsh qr shc mÐac
IR (Information Retrieval) mhqan c pou sundèetai qalar� me to RDBMS (Relational

DataBase Management System), kai (b) thn perÐptwsh pou qrhsimopoioÔntai oi eggeneÐc
pÐnakec kai mhqanismoÐ apotÐmhshc tou RDBMS.

EpexergasÐa Erwt sewn me LÐstec Anestrammènou EurethrÐou

Sthn pr¸th perÐptwsh, ousiastik� epekteÐnoume thn idèa pou anafèrjhke sthn enìth-
ta 3.1.2, qrhsimopoi¸ntac èna T -Euret rio (T -Index) gia tic lèxeic keimènou kai èna E-
Euret rio (E-Index) gia ta stoiqeÐa thc XML b�shc dedomènwn, ìpwc apeikonÐzetai sto
Sq ma 3.5 gia èna tuqaÐo XML èggrafo. Shmei¸noume bebaÐwc pwc oi start kai end jèseic
thc anestrammènhc lÐstac diafèroun sthn perÐptwsh twn stoiqeÐwn, en¸ sumpÐptoun sthn
perÐptwsh twn lèxewn keimènou, pou eÐnai sthn pragmatikìthta kìmboi-fÔlla. Pr�gmati,
autèc oi jèseic prokÔptoun apì mÐa kat� b�joc di�sqish tou dèndrou kai afoÔ k�je kìmboc
pou den eÐnai fÔllo diasqÐzetai p�nta dÔo forèc, mÐa prin episkeftoÔme ta paidi� tou kai
�llh mÐa afoÔ ta episkeftoÔme, se k�je eswterikì kìmbo apodÐdontai dÔo jèseic, en¸ se
k�je kìmbo fÔllo arkeÐ mìno mÐa.

'Eqontac kataskeu�sei tic en lìgw lÐstec kai ekmetalleuìmenoi tic idiìthtec thc k-
wdikopoÐhshc jèshc pou anafèrjhkan ekten¸c pio p�nw (3.1.2), eÐnai plèon dunatìn na
ulopoi soume èna sÔsthma apotÐmhshc duadik¸n domik¸n sqèsewn. Kentrik  idèa gÔrw apì
thn opoÐa peristrèfetai to sÔsthma autì eÐnai h sugq¸neush dÔo anestrammènwn list¸n.
Sugkekrimèna, an jewr soume thn anestrammènh lÐsta wc mÐa diatetagmènh sqèsh, h sug-
q¸neush twn dÔo list¸n mporeÐ na jewrhjeÐ wc mÐa pr�xh sundèsmou, ìpou oi idiìthtec
pou qrhsimopoioÔntai gia th sugq¸neush eÐnai sthn ousÐa ta kathgor mata tou sundès-
mou. Efìson autìc o tÔpoc sundèsmou qrhsimopoieÐtai ektetamèna sthn perÐptwsh aut , h
apodotikìtht� tou eÐnai exèqousac shmasÐac.
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(aþ)

(bþ)

Sq ma 3.5: (a) XML 'Eggrafo, kai (b) ta T - kai E- euret ri� tou.

EpexergasÐa Erwt sewn me Sust mata DiaqeÐrishc Sqesiak¸n B�sewn
Dedomènwn

Sthn perÐptwsh aut , arqik� antistoiqÐzoume ta euret ria E-Index kai T -Index stic
parak�tw dÔo sqèseic:
ELEMENTS( term, docno, begin, end, level )
TEXTS( term, docno, wordno, level )

O pÐnakac ELEMENTS apojhkeÔei tic emfanÐseic twn stoiqeÐwn tou XML dèndrou,
en¸ o pÐnakac TEXTS apojhkeÔei tic emfanÐseic twn lèxewn keimènou. K�je emf�nish
apojhkeÔetai wc mÐa gramm  ston pÐnaka. To Sq ma 3.6 deÐqnei tic metafr�seic twn sug-
qwneÔsewn list¸n anestrammènou eurethrÐou se SQL pr�xeic sundèsmou. H sugq¸neush
dÔo list¸n anestrammènou eurethrÐou metafr�zetai se èna sÔndesmo kai h idiìthta pou efar-
mìzetai kat� th sugq¸neush gÐnetai to kathgìrhma tou sundèsmou. Lìgw èlleiyhc q¸rou,
ed¸ parousi�zoume mìno domikèc sqèseic metaxÔ stoiqeÐou kai lèxhc keimènou. MÐa tètoia
er¸thsh perilamb�nei sundèsmouc metaxÔ tou pÐnaka ELEMENTS kai tou pÐnaka TEXTS.
OmoÐwc mporoÔn na oristoÔn kai erwt seic metaxÔ stoiqeÐwn, ìpou ed¸ o deÔteroc pÐnakac
TEXTS antikajÐstatai me ènan epiplèon pÐnaka ELEMENTS.

Se autì to shmeÐo prèpei na shmei¸soume ìti h qr sh SQL erwt sewn aux�nei thn
ekfrastik  dÔnamh twn erwt sewn, afoÔ t¸ra mporoÔn an tejoÔn sto sÔsthma erwt seic
pou ja  tan polÔ dÔskolo   adÔnato na epexergastoÔme mìno me lÐstec anestrammènou
eurethrÐou. 'Ena tètoio par�deigma eÐnai oi erwt seic pou desmeÔoun pollaplèc ekfr�seic
monopatioÔ se mÐa koin  metablht . Tètoiec erwt seic eÐnai sqedìn adÔnato na ekfrastoÔn me
erwt seic pou perièqoun mìno domikèc sqèseic gonèa-paidioÔ   progìnou-apogìnou   sqèseic
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(aþ) (bþ) (gþ)

(dþ)

Sq ma 3.6: Metafr�seic twn basik¸n Domik¸n Sqèsewn se SQL Erwt seic.

kontinìthtac, diìti perilamb�noun ìrouc pou den eÐnai stajeroÐ all� exart¸ntai �mesa apì
�llec sunj kec anaz thshc. Gia par�deigma, èstw ìti epijumoÔme na k�noume thn er¸thsh:
"BreÐte stoiqeÐa thc bibliografÐac pou anafèroun thn ergasÐa tou Smith. Aut  h er¸thsh
uponoeÐ dÔo ekfr�seic monopatioÔ: ”bib[author/Smith]/key” kai ”bib/cite”, me ton epiplèon
periorismì ìti to stoiqeÐo key èqei to Ðdio perieqìmeno ìpwc kai to stoiqeÐo cite. H er¸thsh
eÐnai dunatìn na ekfrasteÐ sqetik� eÔkola se SQL ([13]).

O algìrijmoc MPMGJN

Sthn Enìthta 3.2.1 epishm�njhke ìti o algìrijmoc sugq¸neushc twn anestrammènwn
list¸n eÐnai exèqousac shmasÐac, afoÔ lìgw thc ektetamènhc qr shc tou askeÐ polÔ meg�lh
epÐdrash sto sunolikì qrìno thc ap�nthshc. Sto plaÐsio autì, o Zhang kai �lloi [12] anèp-
tuxan èna nèo algìrijmo gia th diadikasÐa thc sugq¸neushc, ton Multi-Predicate Merge

Join (MPMGJN). Prìkeitai sthn pragmatikìthta gia ènan algìrijmo pou douleÔei me
ton klasikì trìpo sugq¸neushc, all� diafèrei apì to sun jh algìrijmo sugq¸neushc all�
kai apì ton algìrijmo sugq¸neushc emfwliasmènou brìqou pou qrhsimopoioÔntai eurÔtata
sta emporik� sust mata b�sewn dedomènwn sthn apìdosh.

Se sqèsh me to sun jh algìrijmo sugq¸neushc, a MPMGJN qrhsimopoieÐ ìlec tic
st lec (docno, begin, end, worno) gia na kajodhg sei th sugq¸neush. Me autìn ton
trìpo eÐnai dunatìn na apofeuqjoÔn pollèc perittèc sugkrÐseic pou ja gÐnontan me ton
aplì algìrijmo sugq¸neushc, opìte o nèoc algìrijmoc saf¸c uperèqei thc apl c ekdoq c
tou. Pr�gmati, o aplìc algìrijmoc leitourgeÐ se dÔo logik� b mata, kai sugkekrimèna: (a)
dhmiourgeÐ zeÔgh apì zeÔgh gramm¸n me to Ðdio docno, kai (b) ta kathgor mata anisìth-
tac twn domik¸n erwt sewn efarmìzontai sta tairiasjènta zeÔgh tou (a). Profan¸c, o
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MPMGJN sumpukn¸nei ta dÔo b mata se mìlic èna.

Se sqèsh me ton algìrijmo sugq¸neushc emfwliasmènou brìqou, o nèoc algìrijmoc kai
p�li uperèqei se apìdosh. Aut  th for� ìmwc, o kuriìteroc lìgoc den eÐnai o arijmìc twn
sugkrÐsewn (afoÔ o MPMGJN mporeÐ na k�nei perissìterec), all� leptomèreiec qr shc thc
kruf c mn mhc (cache). Sugkekrimèna, o algìrijmoc emfwliasmènou brìqou me euret rio
(B+-dèndro) leitourgeÐ wc ex c: gia k�je gramm  tou exwterikoÔ pÐnaka, ta stoiqeÐa thc k-
wdikopoÐhshc jèshc qrhsimopoioÔntai gia thn eÔresh mèsw tou B+-dèndrou tou eswterikoÔ
pÐnaka tou pr¸tou kìmbou-fÔllou pou tairi�zei me aut� (index seek). Sth sunèqeia, pro-
qwr�ei seiriak� touc kìmbouc fÔlla (index scan) mèqri na ft�sei se ènan kìmbo fÔllo me
stoiqeÐa kwdikopoÐhshc jèshc pou den tairi�zoun me aut� thc exwterik c sqèshc. Tèloc,
oi kìmboi metaxÔ tou pr¸tou kai tou teleutaÐou tou eswterikoÔ pÐnaka sugkrÐnontai me th
gramm  tou exwterikoÔ pÐnaka, gia na ex�goume ta telik� tairi�smata kai aut  h diadikasÐa
akoloujeÐtai gia ìlec tic enapomeÐnasec exwterikèc grammèc. Apì thn �llh, o MPMGJN
eÐnai mÐa morf  algorÐjmou emfwliasmènou brìqou, me th diafor� ìti t¸ra anaz thsh thc
pr¸thc eggraf c de gÐnetai me th bo jeia k�poiou eurethrÐou all� apeujeÐac stic eggrafèc
dedomènwn kat� trìpo seiriakì (record seek), qwrÐc na xekin�me k�je for� apì thn pr¸th
eggraf  all� apì thn arq  tou prohgoÔmenou record scan. Gia kalÔterh katanìhsh ìl-
wn twn parap�nw, parajètoume to Sq ma 3.7, sto opoÐo apeikonÐzontai oi leitourgÐec seek
kai scan p�nw ston eswterikì pÐnaka gia thn perÐptwsh (a) tou emfwliasmènou brìqou me
euret rio, kai (b) tou MPMGJN.

Epomènwc, gia thn Ðdia er¸thsh autì pou all�zei metaxÔ twn dÔo algorÐjmwn eÐnai h
anaz thsh thc pr¸thc eggraf c proc taÐriasma, pou sthn perÐptwsh tou emfwliasmènou
brìqou gÐnetai me th bo jeia eurethrÐou, en¸ sthn perÐptwsh tou MPMGJN gÐnetai seiri-
ak� p�nw stic eggrafèc dedomènwn tou eswterikoÔ pÐnaka. Epomènwc, an kai o pr¸toc
algìrijmoc k�nei to index scan se ligìtera b mata, k�je kìmboc tou B+-dèndrou pou
exet�zetai se aut n thn f�sh prokaleÐ èna cache miss sthn kruf  mn mh me ton prohgoÔ-
meno kìmbo sto amèswc pio p�nw epÐpedo tou B+-dèndrou kai �ra h ektèlesh tou algorÐ-
jmou sunep�getai poll� misses sthn kruf  mn mh. AntÐjeta, o MPMGJN an kai exet�zei
sun jwc perissìterec eggrafèc kat� to record scan, èqei to pleonèkthma ìti lìgw thc
seiriak c prospèlashc oi perissìterec apì tic eggrafèc pou exet�zei prokaloÔn cache hit,
kai ta cache misses eÐnai shmantik� ligìtera. An m�lista analogistoÔme to ter�stio kìstoc
twn cache misses se kÔklouc epexergast , o algìrijmoc MPMGJN me thn polÔ kalÔterh
qrhsimopoÐhsh thc ierarqÐac thc mn mhc moi�zei wc kalÔterh epilog  apì ton algìrijmo
emfwliasmènou brìqou me euret rio.

Proc epibebaÐwsh ìlwn twn parap�nw, mÐa seir� apì peir�mata sta plaÐsia thc ergasÐac
[] èdeixe ìti pr�gmati o algìrijmoc MPMGJN se euret ria anestrammènwn list¸n mporeÐ na
xeper�sei toul�qiston kat� mÐa t�xh megèjouc ta sust mata diaqeÐrishc sqesiak¸n b�sewn
dedomènwn pou sthrÐzontai ston algìrijmo emfwliasmènou brìqou me euret rio   ton aplì
algìrijmo sugq¸neushc lìgw dÔo kurÐwc lìgwn: (1) tou nèou algorÐjmou sugq¸neushc
pou qrhsimopoi jhke, kai (2) thc kalÔterhc qrhsimopoÐhshc thc ierarqÐac thc mn mhc.
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(aþ)

(bþ)

Sq ma 3.7: H leitourgÐa p�nw ston eswterikìtero pÐnaka: (a) ston algìrijmo emfwliasmè-
nou brìqou me euret rio, (b) ston algìrijmo MPMGJN.

3.2.2 Prosèggish me ApodotikoÔc DomikoÔc Sundèsmouc

Par� th beltiwmènh apìdosh tou MPMGJN se sqèsh me touc sun jeic algorÐjmouc
sundèsmou twn susthm�twn diaqeÐrishc sqesiak¸n b�sewn dedomènwn, o algìrijmoc autìc
mporeÐ na k�nei polloÔc mh anagkaÐouc upologismoÔc kai pr�xeic eisìdou/exìdou, eidik� sthn
perÐptwsh domik c sqèshc gonèa-padioÔ. Orm¸menoi apì aut n thn adunamÐa tou MPMGJN
o Al-Khalifa kai �lloi ([1]) prìteinan mÐa nèa seir� algorÐjmwn gia thn apotÐmhsh duadik¸n
domik¸n sqèsewn, sugkekrimèna thn oikogèneia algorÐjmwn sugq¸neushc dèntrou (tree −
merge) kai thn oikogèneia twn algorÐjmwn sugq¸neushc stoÐbac (stack −merge).

Eisagwgikèc 'Ennoiec

Ac jewr soume mÐa domik  sqèsh progìnou-apogìnou (e1, e2). 'Estw AList = [a1, a2,
...] kai DList = [d1, d2, ...] eÐnai oi lÐstec twn kìmbwn tou XML dèndrou pou tairi�zoun
me ta kathgor mata e1 kai e2 antÐstoiqa, ìpou k�je lÐsta eÐnai taxinomhmènh kat� tic timèc
(docno, start) pou prokÔptoun apì th diadikasÐa thc kwdikopoÐhshc jèshc. Gia par�deigma,
oi dÔo lÐstec ja mporoÔsan na  tan oi lÐstec anestrammènou eurethrÐou, sÔmfwna me ìsa
anafèrame kai sthn Enìthta 3.1.2.
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Algorithm Tree-Merge-Anc(AList, DList)

1: // Ac upojèsoume q�rin aplìthtac ìti ìloi oi kìmboi stic lÐstec AList kai DList

2: // èqoun to Ðdio DocNo.

3: // H AList eÐnai h lÐsta twn pijan¸n progìnwn, taxinomhmènwn kat� aÔxousa tim  tou StartPos.

4: // H DList eÐnai h lÐsta twn pijan¸n apogìnwn, taxinomhmènwn kat� aÔxousa tim  tou StartPos.

5:

6: begin-desc = DList->firstNode; outputList = NULL;

7: for (a = AList->firstNode; a != NULL; a = a->nextNode) do

8: for (d = begin-desc; (d != NULL && d.StartPos < a.StartPos); d = d->nextNode) do

9: // Apofug  kìmbwn d pou sÐgoura den tairi�zoun me ton a.

10: begin-desc = d;

11: for (d = begin-desc; (d != NULL && d.EndPos < a.EndPos); d = d->nextNode) do

12: if ( (a.StartPos < d.StartPos) && (d.EndPos < a.EndPos) && (d.LevelNum == a.LevelNum +

1) ) then

13: append(a, d) to OutputList;

Sq ma 3.8: O algìrijmoc Tree-Merge-Anc me èxodo taxinomhmènh seir� progìnou/gonèa.

Dedomènwn twn list¸n eisìdou, thc AList twn pijan¸n progìnwn kai thc Dlist twn
pijan¸n apogìnwn, oi algìrijmoi k�je oikogèneiac dÐdoun wc èxodo mÐa lÐsta OutputList
= [(ai, Dj)] apì ta apotelèsmata tou sundèsmou twn dÔo list¸n. H lÐsta exìdou mporeÐ
m�lista na eÐnai taxinomhmènh eÐte kat� tic timèc (DocId, ai.StartPos, dj .StartPos) eÐte
kat� tic timèc (DocId, dj .StartPos, ai.StartPos). Kai oi dÔo dunatìthtec eÐnai qr simec,
kai h kat�llhlh ekdoq  mporeÐ na exart�tai apì th seir� me thn opoÐa ènac beltistopoiht c
epilègei na sunjèsei tic epimèrouc duadikèc sqèseic prokeimènou na par�xei thn ap�nthsh
sthn arqik  er¸thsh me prìtupo dendrik c morf c.

Tree-Merge Algìrijmoi Sundèsmou

Oi algìrijmoi thc oikogèneiac aut c eÐnai mÐa fusik  epèktash twn paradosiak¸n sqesi-
ak¸n algorÐjmwn sundèsmou-sugq¸neushc (oi opoÐoi qrhsimopoioÔn sunj kh isìthtac gia
to sÔndesmo) ¸ste na antimetwpistoÔn oi pollaplèc anisotikèc sunj kec pou qarakthrÐzoun
tic domikèc sqèseic progìnou-apogìnou   gonèa-paidioÔ kai oi opoÐec basÐzontai sto sq ma
kwdikopoÐhshc jèshc. O algìrijmoc m�lista MPMGJN an kei se aut n thn kathgorÐa.

H basik  idèa eÐnai na efarmìsoume ènan tropopoihmèno algìrijmo sugq¸neushc−sundèsmou,
pijan¸c efarmìzontac pollaplèc prospel�seic tou eswterikoÔ mèlouc tou sundèsmou mè-
qri tou shmeÐou pou qrei�zetai. EÐte h AList eÐte h DList mporoÔn na qrhsimopoihjoÔn wc
eswterik� mèlh gia to sÔndesmo. Ta apotelèsmata ja taxinomhjoÔn se aut n thn perÐptwsh
kat� to exwterikì mèloc. Sto Sq ma 3.8 parousi�zetai o algìrijmoc tree-merge sthn
perÐptwsh ìpou to exwterikì mèloc tou sundèsmou eÐnai o prìgonoc (aut  h perÐptwsh eÐnai
ìmoia me ton MPMGJN). Sto Sq ma 3.9 parousi�zetai o antÐstoiqoc algìrijmoc gia thn
perÐptwsh pou to exwterikì mèloc tou sundèsmou eÐnai o apìgonoc thc duadik c sqèshc.
Shmei¸noume ìti ed¸ asqoloÔmaste mìno me thn perÐptwsh pou oi dÔo lÐstec eisìdou èqoun
kìmbouc me thn Ðdia tim  gia to DocNo, dhlad  an koun sto Ðdio XML èggrafo.
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Algorithm Tree-Merge-Desc(AList, DList)

1: // Ac upojèsoume q�rin aplìthtac ìti ìloi oi kìmboi stic lÐstec AList kai DList

2: // èqoun to Ðdio DocNo.

3: // H AList eÐnai h lÐsta twn pijan¸n progìnwn, taxinomhmènwn kat� aÔxousa tim  tou StartPos.

4: // H DList eÐnai h lÐsta twn pijan¸n apogìnwn, taxinomhmènwn kat� aÔxousa tim  tou StartPos.

5:

6: begin-anc = AList->firstNode; outputList = NULL;

7: for (d = DList->firstNode; d != NULL; d = d->nextNode) do

8: for (a = begin-anc; (a != NULL && a.EndPos < d.StartPos); a = a->nextNode) do

9: // Apofug  kìmbwn a pou sÐgoura den tairi�zoun me ton d.

10: begin-anc = a;

11: for (a = begin-anc; (a != NULL && a.StartPos < d.StartPos); a = a->nextNode) do

12: if ( (a.StartPos < d.StartPos) && (d.EndPos < a.EndPos) && (d.LevelNum == a.LevelNum +

1) ) then

13: append(a, d) to OutputList;

Sq ma 3.9: O algìrijmoc Tree-Merge-Desc me èxodo taxinomhmènh seir� apogìnou/paidioÔ.

An�lush twn Tree-Merge AlgorÐjmwn. Oi paradosiakoÐ algìrijmoi sundèsmou-
sugq¸neushc pou qrhsimopoioÔn mìno mÐa isotik  sunj kh wc kathgìrhma sundèsmou apodeiknÔe-
tai ìti èqoun qronikèc kai qwrikèc poluplokìthtec thc t�xhc O(|input| + |output|) gia
taxinomhmènec eisìdouc, en¸ h èxodoc eÐnai epÐshc taxinomhmènh. Genik�, den eÐnai swstì na
genikeÔsei aut n thn poluplokìthta, ìtan to kathgìrhma sundèsmou perilamb�nei pollèc
isotikèc   anisotikèc sunj kec. Parak�tw exet�zoume k�tw apì poiec sunj kec oi algìri-
jmoi sugq¸neushc dèndrou parousi�zoun asumptwtik� bèltisth qronik  poluplokìthta.

To parak�tw je¸rhma mac dÐnei mÐa pr¸th ap�nthsh gia ton algìrijmo Tree-Merge-Anc
sthn perÐptwsh domik¸n sqèsewn progìnou-apogìnou.

Je¸rhma 3.1. H qwrik  kai qronik  poluplokìthta tou algorÐjmou Tree-Merge-Anc
eÐnai O(|AList| + |DList| + |OutputList|) gia tic domikèc sqèseic progìnou-apogìnou. 2

H idèa pÐsw apì aut n thn apìdeixh èqei wc ex c. Sthn perÐptwsh katarq�c ìpou
den up�rqoun kìmboi sthn AList pou na èqoun k�poia sqèsh progìnou-apogìnou, to mège-
joc thc OutputList eÐnai O(|AList| + |DList|). O algìrijmoc Tree-Merge-Anc k�nei èna
monadikì pèrasma apì thn AList kai to polÔ dÔo per�smata apì th lÐsta DList. 'Ara to
parap�nw je¸rhma ikanopoieÐtai. Akìmh ìmwc kai sthn perÐptwsh ìpou polloÐ kìmboi sthn
AList sundèontai me sqèseic progìnou-apogìnou kai mporoÔme kat' epèktash na èqoume lÐsta
exìdou megèjouc thc t�xhc O(|AList| * |DList|) mporeÐ kai p�li na apodeiqjeÐ ìti o algìri-
jmoc èqei bèltisth qronik  poluplokìthta Ðsh me O(|AList| + |DList| + |OutputList|).

Par' ìla aut� den mporoÔme na isquristoÔme ìti o algìrijmoc eÐnai bèltistoc wc proc tic
pr�xeic eisìdou/exìdou, afoÔ mporeÐ na èqoume epanalambanìmenec eisagwgèc kai exagwgèc
mplok mn mhc, pr�gma pou epidein¸nei thn apìdosh twn pr�xewn eisìdou/exìdou.

Apì thn �llh, ìtan apotimoÔme mÐa duadik  domik  sqèsh gonèa-paidioÔ, h qronik  polu-
plokìthta tou algorÐjmou eÐnai h Ðdia me aut n tou ja paÐrname an h er¸thsh  tan progìnou-
apogìnou sta Ðdia XML dedomèna. Wstìso, sthn pr¸th perÐptwsh aut  to mègejoc thc
lÐstac exìdou OutputList mporeÐ na eÐnai polÔ mikrìtero apì th deÔterh perÐptwsh. Ac
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jewr soume èna par�deigma ìpou ìloi oi kìmboi thc AList sqhmatÐzoun mÐa alusÐda m kouc
n, kai k�je kìmboc thc AList èqei dÔo paidi� sthn DList, èna se k�je pleur� tou antÐs-
toiqou paidioÔ tou sthn AList (Sq ma 3.10(aþ)). MporeÐ tìte na deiqjeÐ ìti to mègejoc
thc OutputList eÐnai O(|AList| + |DList|), all� h qronik  poluplokìthta tou algorÐjmou
eÐnai O( (|AList| + |DList|)2 ), dhlad  tetragwnik  kai ìqi grammik  wc proc to mègejoc
thc eisìdou. H apotÐmhsh apeikonÐzetai grafik� sto Sq ma 3.10(bþ), ìpou k�je kìmboc thc
AList sqetÐzetai me mÐa upolÐsta thc DList, h opoÐa kai prèpei na exetasteÐ. Shmei¸noume
ìti kai h poluplokìthta twn pr�xewn eisìdou/exìdou eÐnai tetragwnik  wc proc to mègejoc
twn list¸n eisìdou.

Apì thn �llh, den up�rqei an�logo tou jewr matoc 3.1 gia ton algìrijmo Tree-Merge-
Desc, afoÔ t¸ra h qronik  poluplokìthta tou algorÐjmou mporeÐ na eÐnai O( (|AList| +
|DList| + |OutputList|)2 ) sth qeirìterh perÐptwsh. Autì sumbaÐnei, gia par�deigma, sto
Sq ma 3.10(gþ), ìtan o pr¸toc kìmboc sthn AList eÐnai apìgonoc k�je kìmbou sthn DList.
Sto par�deigma autì k�je kìmboc sthn DList èqei mìno dÔo progìnouc sthn AList, opìte
to mègejoc thc OutputList eÐnai O(|AList| + |DList|). Wstìso h Alist prospelaÔnetai
suneq¸c ki ètsi katal goume se qronik  poluplokìthta thc t�xhc O(|AList| * |DList|). H
apotÐmhsh apeikonÐzetai grafik� sto Sq ma 3.10(dþ), ìpou k�je kìmboc thc DList sqetÐzetai
me mÐa upolÐsta thc AList, h opoÐa kai prèpei na exetasteÐ.

(aþ) (bþ) (gþ) (dþ)

Sq ma 3.10: (a), (b) Qeirìterec Peript¸seic gia ton Tree-Merge-Anc, kai (b), (g) Qeirìterec
Peript¸seic gia ton Tree-Merge-Desc.

An�lush twn Stack-Merge AlgorÐjmwn. O Al-Khalifa kai oi upìloipoi prìteinan
sta plaÐsia thc ergasÐac thn oikogèneia algorÐjmwn Stack-Tree wc mÐa kainotìma prosèggish
sthn apotÐmhsh duadik¸n domik¸n sqèsewn kat� trìpo bèltisto   toul�qiston kalÔtero
twn paradosiak¸n algorÐjmwn. H kentrik  idèa twn algorÐjmwn aut¸n basÐzetai sthn



62Kef�laio 3. Teqnikèc EpexergasÐac Erwt sewn XML me Prìtupa Monop�tia kai Dèntra

parat rhsh pwc mÐa kat� b�joc di�sqish tou XML dèndrou dedomènwn mporeÐ na gÐnei se
grammikì qrìno qrhsimopoi¸ntac apl� mÐa stoÐba me mègejoc Ðso me to Ôyoc tou dèndrou.
Kat� th di�rkeia thc di�sqishc, k�je sqèsh progìnou-apogìnou sto dèntro upodhl¸netai
apì thn emf�nish tou apìgonou kìmbou sth stoÐba se jèsh uyhlìterh apì aut n tou prì-
gonou kìmbou. Fusik�, skopìc mac den eÐnai na diasqÐsoume ìlh thn XML b�sh dedomènwn
all� na perioristoÔme stouc upoyhfÐouc kìmbouc pou mac dÐdontai stic lÐstec eisìdou AList
kai DList.

TonÐzoume ìti aut  h kathgorÐa parousi�zei meg�lh spoudaiìthta sta plaÐsia thc paroÔsac
diplwmatik c, gia to lìgo ìti o algìrijmoc PathStack, ston opoÐo basÐzontai kai oi al-
gìrijmoi apotÐmhshc erwt sewn monopatioÔ merik c dom c pou ja parousiastoÔn argìtera
(Kef�laio 5), basÐzetai se aut n thn oikogèneia algorÐjmwn, tìso sth blocking ìso kai
non-blocking ekdoq  tou.

Algìrijmoc Stack-Tree-Desc. O algìrijmoc Stack-Tree-Desc gia thn perÐptwsh sqè-
sewn progìnou-apogìnou parousi�zetai sto sq ma 3.11. O algìrijmoc autìc taxinomeÐ th
lÐsta exìdou [(ai, dj)] kat� tic timèc twn (DocNo, dj .StartPos, ai.StartPos).H basik  idèa
eÐnai na p�roume tic dÔo lÐstec eisìdou, AList kai DList, taxinomhmènec kat� tic timèc twn
(DocNo, StartPos) kai na tic sugqwneÔsoume noht�. Kaj¸c h sugq¸neush proqwr�, ka-
jorÐzoume an up�rqei sqèsh progìnou-apogìnou metaxÔ thc koruf c thc stoÐbac kai tou
epìmenou proc sugq¸neush kìmbou, pou eÐnai o kìmboc me th mikrìterh tim  tou StartPos.
Basismènoi se aut n th sÔgkrish qeirizìmaste th stoÐba kai par�goume thn èxodo.

H stoÐba perièqei se k�je qronik  stigm  mÐa akoloujÐa twn progìnwn kìmbwn, ìpou
k�je kìmboc sth stoÐba eÐnai apìgonoc tou apì k�tw tou kìmbou. 'Otan ènac nèoc kìmboc
apì thn AList brÐsketai na eÐnai apìgonoc thc trèqousac koruf c thc stoÐbac, tìte apl�
prostÐjetai sth stoÐba. 'Otan ènac nèoc kìmboc apì th DList brÐsketai na eÐnai apìgonoc
thc trèqousac koruf c thc stoÐbac, gnwrÐzoume autìmata ìti ja eÐnai kai apìgonoc ìlwn
twn upìloipwn kìmbwn sth stoÐba. Epomènwc, par�gontai sthn èxodo ta apotelèsmata
tou sundèsmou autoÔ tou kìmbou apì th DList me k�je kìmbo thc AList sth stoÐba. An
ìmwc o nèoc kìmboc thc DList den eÐnai apìgonoc thc trèqousac koruf c thc stoÐbac,
tìte eÐnai egguhmèno ìti kanènac �lloc kìmboc sth DList den mporeÐ na eÐnai apìgonoc thc
trèqousac koruf c thc stoÐbac, opìte mporoÔme na ex�goume thn koruf  thc stoÐbac kai
na suneqÐsoume ton èlegqo me th nèa koruf  thc stoÐbac. Shmei¸noume ìti den par�getai
èxodoc ìtan ex�gontai stoiqeÐa apì th stoÐba.

H perÐptwsh thc domik c sqèshc gonèa-paidioÔ tou algorÐjmou Stack-Tree-Desc an-
timetwpÐzetai akìma aploÔstera, afoÔ t¸ra o kìmboc thc DList mporeÐ na sundejeÐ (an
gÐnetai) mìno me thn koruf  thc stoÐbac kai ìqi me touc upìloipouc kìmbouc thc.

Tèloc, mporeÐ arket� eÔkola na apodeiqjeÐ to parak�tw polÔ shmantikì je¸rhma pou
deÐqnei ìti h qronik  kai h qwrik  poluplokìthta kaj¸c kai h poluplkìthta eisìdou/exìdou
tou Stack-Tree-Desc eÐnai asumptwtik� bèltistec.

Je¸rhma 3.2. H qwrik  kai qronik  poluplokìthta tou algorÐjmou Stack-Tree-Desc
eÐnai O(|AList| + |DList| + |OutputList|) tìso gia th domik  sqèsh progìnou-apogìnou
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Algorithm Stack-Tree-Desc(AList, DList)

1: // Ac upojèsoume q�rin aplìthtac ìti ìloi oi kìmboi stic lÐstec AList kai DList

2: // èqoun to Ðdio DocNo.

3: // H AList eÐnai h lÐsta twn pijan¸n progìnwn, taxinomhmènwn kat� aÔxousa tim  tou StartPos.

4: // H DList eÐnai h lÐsta twn pijan¸n apogìnwn, taxinomhmènwn kat� aÔxousa tim  tou StartPos.

5:

6: a = AList->firstNode; d = DList->firstNode; OutputList = NULL;

7: while the input lists are not empty or the stack list is not empty do

8: if ( (a.StartPos > stack->top.EndPos) && (d.StartPos > stack->top.EndPos) ) then

9: // Kairìc na ex�goume thn koruf  thc stoÐbac.
10: tuple = stack->pop();

11: else if (a.StartPos < d.StartPos) then

12: stack->push(a);

13: a = a->nextNode

14: else

15: for (a1 = stack->bottom; a1 != NULL; a1 = a1->up) do

16: append (a1, d) to OutputList

17: d = d->nextNode;

Sq ma 3.11: O algìrijmoc Stack-Tree-Desc me èxodo taxinomhmènh kat� th seir� apìgonou.

ìso kai gia aut  gonèa-paidioÔ. Epiplèon, o algìrijmoc Stack-Tree-Desc den mplok�rei thn
emf�nish twn paragìmenwn apotelesm�twn sthn èxodo.

Tèloc, h poluplokìthta eisìdou/exìdou tou algorÐjmou autoÔ eÐnai O( |AList|
B + |DList|

B

+ |OutputList|
B ) tìso gia th domik  sqèsh progìnou-apogìnou ìso kai gia aut  gonèa-paidioÔ,

ìpou B eÐnai to mègejoc mplok thc mn mhc. 2

Algìrijmoc Stack-Tree-Anc. Exet�zoume thn perÐptwsh ìpou h lÐsta exìdou [(ai,
dj)] prèpei na taxinomhjeÐ kat� tic timèc twn (DocNo, ai.StartPos, dj .StartPos).

To kÔrio prìblhma pou antimetwpÐzoume sthn perÐptwsh aut  eÐnai ìti an ènac kìboc a

apì thn AList brejeÐ na eÐnai prìgonoc k�poiou kìmbou d sth DList, tìte k�je kìmboc a′

apì thn AList pou eÐnai prìgonoc tou a (kai epomènwc brÐsketai k�tw apì ton kìmbo a sth
stoÐba) ja eÐnai epÐshc prìgonoc tou d. AfoÔ h StartPos tou a′ prohgeÐtai thc StartPos tou
a, prèpei na kajuster soume thn paragwg  tou zeÔgouc (a, d) mèqric ìtou h lÔsh (a′, d) èqei
paraqjeÐ. Paramènei ìmwc to endeqìmeno èna nèo stoiqeÐo d′ met� to d sth DList na mporeÐ
na sundejeÐ me to a′, efìson to a′ eÐnai sth stoÐba, epomènwc den mporoÔme na par�xoume th
lÔsh (a, d) mèqri o prìgonoc kìmboc a′ na exaqjeÐ apì th stoÐba. En tw metaxÔ, mporoÔme
na kataskeu�soume meg�la endi�mesa apotelèsmata pou den mporoÔn akìmh na emfanistoÔn
sthn èxodo. H lÔsh pou prìteinan oi Al-Khalifa eÐnai o algìrijmoc Stack-Tree-Anc sto
Sq ma 3.8.

H kÔria diafor� me ton prohgoÔmeno algìrijmo eÐnai ìti t¸ra susqetÐzoume me k�je
kìmbo sth stoÐba dÔo lÐstec: h pr¸th, self-list, eÐnai mÐa lÐsta apì apotelèsmata pou èqoun
prokÔyei apì th sÔndesmo tou kìmbou autoÔ me kat�llhla stoiqeÐa apì th DList, en¸
h deÔterh, inherit-list, eÐnai mÐa lÐsta me ta apotelèsmata sundèsmou pou periel�mbanan
kìmbouc thc AList pou  tan apìgonoi tou trèqontoc kìmbou sth stoÐba. 'Opwc kai prin,



64Kef�laio 3. Teqnikèc EpexergasÐac Erwt sewn XML me Prìtupa Monop�tia kai Dèntra

Algorithm Stack-Tree-Anc(AList, DList)

1: // Ac upojèsoume q�rin aplìthtac ìti ìloi oi kìmboi stic lÐstec AList kai DList

2: // èqoun to Ðdio DocNo.

3: // H AList eÐnai h lÐsta twn pijan¸n progìnwn, taxinomhmènwn kat� aÔxousa tim  tou StartPos.

4: // H DList eÐnai h lÐsta twn pijan¸n apogìnwn, taxinomhmènwn kat� aÔxousa tim  tou StartPos.

5:

6: a = AList->firstNode; d = DList->firstNode; OutputList = NULL;

7: while the input lists are not empty or the stack list is not empty do

8: if ( (a.StartPos > stack->top.EndPos) && (d.StartPos > stack->top.EndPos) ) then

9: // Kairìc na ex�goume thn koruf  thc stoÐbac.
10: tuple = stack->pop();

11: if ( stack->size == 0 ) then

12: append tuple.inherit-list to OutputList

13: else

14: append tuple.inherit-list to tuple.self-list

15: append the resulting tuple.self-list to stack->top.inherit-list

16: else if (a.StartPos < d.StartPos) then

17: stack->push(a);

18: a = a->nextNode

19: else

20: for (a1 = stack->bottom; a1 != NULL; a1 = a1->up) do

21: if (a1 == stack->bottom) then

22: append (a1, d) to OutputList

23: else

24: append (a1, d) to the self-list of a1

25: d = d->nextNode;

Sq ma 3.12: O algìrijmoc Stack-Tree-Anc me èxodo taxinomhmènh kat� th seir� progìnou.

ìtan ènac nèoc kìmboc apì th DList eÐnai apìgonoc thc trèqousac koruf c thc stoÐbac, apl�
prostÐjetai sth stoÐba. 'Otan ènac nèoc kìmboc apì th DList brÐsketai pwc eÐnai apìgonoc
thc trèqousac koruf c thc stoÐbac, prostÐjetai stic self-lists twn kìmbwn sth stoÐba. An
kanènac kìmboc (apì opoiad pote lÐsta) den eÐnai apìgonoc thc koruf c thc stoÐbac, tìte
eÐnai egguhmèno ìti ìti kanènac mellontikìc kìmboc apì th DList de ja eÐnai apìgonoc thc
koruf c thc stoÐbac, opìte mporoÔme na ex�goume thn koruf  thc stoÐbac. 'Otan ex�getai
to stoiqeÐo ston pujmèna thc stoÐbac, emfanÐzoume sthn èxodo pr¸ta th self-list tou kai
met� thn inherit-list tou. Gia opoiod pote �llo stoiqeÐo thc stoÐbac plhn tou pujmèna thc
den emfanÐzetai k�ti sthn èxodo. AntÐjeta, sunen¸noume thn inherit-list tou sth self-list
tou, kai sth sunèqeia sunen¸noume to prokÔpton apotèlesma sth nèa koruf  thc stoÐbac.

Tèloc, an kai den eÐnai tìso profanèc, mporeÐ wstìso na apodeiqjeÐ to parak�tw polÔ
shmantikì je¸rhma pou deÐqnei ìti h qronik  kai h qwrik  poluplokìthta kaj¸c kai h polu-
plokìthta eisìdou/exìdou tou Stack-Tree-Desc eÐnai asumptwtik� bèltistec. Lìgw èlleiyhc
q¸rou den paratÐjetai ed¸ h apìdeixh tou jewr matoc, h basik  thc idèa ja qrhsimopoihjeÐ
ìmwc kai sthn an�lush tou algorÐjmou PathStack me blocking sthn Enìthta 3.3.3.

Je¸rhma 3.3. H qwrik  kai qronik  poluplokìthta tou algorÐjmou Stack-Tree-Anc eÐnai
O(|AList| + |DList| + |OutputList|) tìso gia th domik  sqèsh progìnou-apogìnou ìso
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kai gia aut  gonèa-paidioÔ. Epiplèon, o algìrijmoc Stack-Tree-Desc den mplok�rei thn
emf�nish twn paragìmenwn apotelesm�twn sthn èxodo.

Tèloc, h poluplokìthta eisìdou/exìdou tou algorÐjmou autoÔ eÐnai O( |AList|
B + |DList|

B

+ |OutputList|
B ) tìso gia th domik  sqèsh progìnou-apogìnou ìso kai gia aut  gonèa-paidioÔ,

ìpou B eÐnai to mègejoc mplok thc mn mhc. 2

3.3 ApotÐmhsh Erwt sewn MonopatioÔ

3.3.1 Erwt seic MonopatioÔ

MÐa Er¸thsh MonopatioÔ (Path Query, PQ) eÐnai mÐa alusÐda apì kìmbouc, ìpou diado-
qikoÐ kìmboi sundèontai me sqèseic progìnou-apogìnou (ekfr�seic thc morf c a//b) kaj¸c
kai me sqèseic patèra-paidioÔ (ekfr�seic thc morf c a/b). Sugkekrimèna:

To Sq ma 3.13 deÐqnei dÔo PQs. To PQ1, gia par�deigma, perilamb�nei mÐa sqèsh
progìnou-apogìnou apì ton kìmbo rÐza ston kìmbo pou shmaÐnetai apì x kai mÐa sqèsh
patèra-paidioÔ apì ton kìmbo pou shmaÐnetai apì x ston kìmbo pou shmaÐnetai apì s. Idi-
aÐtero, m�lista, endiafèron parousi�zei h deÔterh er¸thsh, ìpou dÔo kìmboi shmaÐnontai apì
to Ðdio stoiqeÐo s. Tètoiec erwt seic, ìpou dÔo toul�qiston kìmboi thc er¸thshc shmaÐnontai
apì to Ðdio stoiqeÐo, ja onom�zontai sto ex c anadromikèc.

(a) PQ1 = r//x/s

(b) PQ2 = r//s/s//x/d

Sq ma 3.13: ParadeÐgmata Erwt sewn MonopatioÔ

ApeikonÐzoume grafik� ta PQs qrhsimopoi¸ntac orologÐa gr�fwn. K�je kìmboc thc
er¸thshc antistoiqeÐ se ènan kìmbo gr�fou shmasmènou apì to antÐstoiqo stoiqeÐo. Oi
sqèseic patèra-paidioÔ kai progìnou-apogìnou apeikonÐzontai qrhsimopoi¸ntac monèc (−) kai
diplèc (=) grammèc metaxÔ twn antÐstoiqwn kìmbwn. H grafik  anapar�stash twn dÔo PQs
tou Sq matoc 3.13 apeikonÐzetai sto Sq ma 3.14.

3.3.2 OrologÐa

'Estw q h upì exètash er¸thsh se morf  monopatioÔ p�nw sto XML dèndro, kaj¸c kai
o kìmboc rÐza thc en lìgw er¸thshc. Ston algìrijmo sthn ergasÐa [?] kai ulopoi jhke
sta plaÐsia thc paroÔsac anafor�c, k�noume qr sh twn parak�tw leitourgi¸n (me profan 
shmasÐa) epÐ twn kìmbwn thc er¸thshc: isLeaf: Node → Bool, isRoot: Node → Bool, kai
parent: Node → Node, children: Node → Node.

Susqetismèno me k�je kìmbo q miac er¸thshc eÐnai mÐa ro  Tq. H ro  perièqei tic ana-
parast�seic jèshc twn kìmbwn thc b�shc dedomènwn (epÐ thc opoÐac gÐnetai h er¸thsh) oi
opoÐoi ikanopoioÔn to kathgìrhma tou kìmbou q (enallaktik� sth dik  mac apl  perÐptwsh:
pou shmaÐnontai apì to Ðdio stoiqeÐo me ton kìmbo q ). H ro  aut  sthn perÐptws  mac
apokt�tai k�nontac preorder di�sqish tou dèntrou kai topojet¸ntac sthn Ðdia ro  kìmbouc
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Sq ma 3.14: Grafik  Anapar�stash Erwt sewn MonopatioÔ.

pou shmaÐnontai apì to Ðdio stoiqeÐo. Se pio genik  perÐptwsh ja mporoÔse na apokth-
jeÐ apì apodotikoÔc mhqanismoÔc prospèlashc, ìpwc domèc eurethrÐwn. Oi kìmboi sth ro 
taxinomoÔntai kat� aÔxousa seir� thc tim c touc start (an merimnoÔme gia thn perÐptwsh pol-
l¸n eggr�fwn, tìte topojetoÔme touc kìmbouc kat� aÔxousa seir� twn tim¸n tou zeÔgouc
(docnumber, start). Oi dunatèc leitourgÐec p�nw stic roèc (me epÐshc profan  shmasÐa)
eÐnai: eof, advance, next, nextS, kai nextE. Oi teleutaÐec dÔo leitourgÐec epistrèfoun tic
timèc start kai end thc kwdikopoÐhshc jèshc tou epìmenou stoiqeÐou sth ro , antÐstoiqa.

Sto basismèno se stoÐba algìrijmo pou ja anaptÔxoume sth sunèqeia, prèpei epÐshc
na susqetÐsoume me k�je kìmbo tou erwt matoc mÐa stoÐba Sq. K�je kìmboc sth stoÐba
apoteleÐtai apì to zeÔgoc: (anapar�stash jèshc apì ènan kìmbo apì thn Tq, deÐkthc se
ènan kìmbo sth stoÐba Sparent(q)). Oi leitourgÐec p�nw stic stoÐbec eÐnai: empty, pop,
push, topS, kai topE. Oi teleutaÐec dÔo leitourgÐec epistrèfoun tic timèc start kai end thc
kwdikopoÐhshc jèshc tou pr¸tou stoiqeÐou sth stoÐba, antÐstoiqa. Se k�je shmeÐo kat� th
di�rkeia tou algorÐjmou, (a) ìloi oi kìmboi sth stoÐba Sq (apì thn arq  wc thn koruf )
brÐskontai egguhmèna p�nw se èna monop�ti apì th rÐza se èna fÔllo sthn
XML b�sh dedomènwn, kai (b) to sÔnolo ìlwn twn stoib¸n perièqei mÐa sumpag  (�ra kai
apodotik ) kwdikopoÐhsh merik¸n kai pl rwn apant sewn sthn arqik  er¸thsh, h opoÐa
mporeÐ se grammikì mègejoc q¸rou na antiproswpeÔei ènan dun�mei ekjetikì arijmì lÔsewn
(wc proc ton arijmì twn kìmbwn thc er¸thshc) sthn er¸thsh, ìpwc faÐnetai sto parak�tw
sq ma.

Par�deigma 3.2. To Sq ma 3.15 apeikonÐzei th sumpag  kwdikopoÐhsh apant sewn se
mÐa apl  er¸thsh monopatioÔ p�nw se èna polÔ aplì XML dèntro. H ap�nthsh [A2,B2,C1]
profan¸c eÐnai kwdikopoihmènh afoÔ to C1 deÐqnei sto B2, kai to B2 deÐqnei sto A2. AfoÔ
to A1 eÐnai k�tw apì to A2 sth stoÐba SA, h [A1,B2,C1] eÐnai epÐshc mia ap�nthsh. Tèloc,
afoÔ to B1 eÐnai k�tw apì to B2 sth stoÐba SB, h [A2,B1,C1] eÐnai epÐshc mÐa ap�nthsh.
Shmei¸netai ìti h [A2,B1,C1] den eÐnai ap�nthsh, afoÔ to A2 eÐnai p�nw apì ton kìmbo A1
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Sq ma 3.15: Sumpag c kwdikopoÐhsh twn lÔsewn qrhsimopoi¸ntac stoÐbec.

sth stoÐba SA, ìpou deÐqnei o B1. 2

3.3.3 PathStack

O algìrijmoc PathStack parousi�zetai se yeudok¸dika sto Sq ma 3.16, gia thn eidik 
perÐptwsh pou oi roèc perilamb�noun kìmbouc mìno apì èna XML èggrafo. Sthn perÐptwsh
pou oi roèc perièqoun kìmbouc apì perissìtera XML èggrafa, o algìrijmoc mporeÐ eÔkola
na epektajeÐ, ¸ste na elègqei kai thn isìthta tou arijmoÔ eggr�fou prin suneqÐsei me thn
epexergasÐa twn kìmbwn stic roèc kai stic stoÐbec.

H kÔria idèa tou sugkekrimènou algorÐjmou eÐnai na kwdikopoi sei epanalhptik� mè-
sa stic stoÐbec arqik� merikèc kai telik� pl reic apant seic sthn er¸thsh monopatioÔ,
periplan¸menoc stouc kìmbouc twn ro¸n kat� seir� thc arq c tou deÐkth k�je kìmbou.
Epomènwc, oi kìmboi thc er¸thshc ja tairi�xoun me ta dedomèna apì th rÐza thc wc kai to
fÔllo thc (efìson bèbaia tètoia dedomèna up�rqoun). Arqik�, o algìrijmoc brÐskei th ro 
pou perièqei ton epìmeno upì epexergasÐa kìmbo (Seir� 4). Dedomènou tou upì epexergasÐa
kìmbou, mporoÔme na apomakrÔnoume apì tic stoÐbec tic merikèc apant seic pou den mporoÔn
na epektajoÔn se pl reic apant seic, epeid  o trèqwn kìmboc den an kei sto Ðdio monop�ti
me touc kìmbouc twn merik¸n lÔsewn (Seir� 5-7). Sth sunèqeia, epaux�noume tic merikèc
lÔseic me to nèo kìmbo, arkeÐ autìc o kìmboc na antistoiqeÐ sth rÐza thc er¸thshc   h stoÐba
tou prohgoÔmenou sto er¸thma kìmbo na mhn eÐnai ken  (giatÐ sthn teleutaÐa perÐptwsh de
gÐnetai na tairi�xoun me dedomèna apì tic roèc oi kìmboi thc er¸thshc monopatioÔ pou eÐnai
p�nw apì ton trèqonta kìmbo sthn er¸thsh monopatioÔ) (Seir� 8). An o trèqwn kìmboc
prostèjhke sth stoÐba Sqmin , ìpou qmin eÐnai to monadikì fÔllo thc er¸thshc, tìte oi
stoÐbec perièqoun kwdikopoÐhsh pl rwn apant sewn sthn arqik  er¸thsh, opìte kaleÐtai h
ShowSolutions gia na prob�lei autèc tic apant seic (Seir� 9-11).

Up�rqoun dÔo basikoÐ trìpoi na prob�loume tic apant seic, dedomènou tou kìmbou fÔl-
lou. O pio fusikìc eÐnai wc eggrafèc n stoiqeÐwn, ìpou n o arijmìc twn kìmbwn thc arqik c
er¸thshc, taxinomhmènec kat� to sq ma fÔllo-proc−rÐza. Autìc o trìpoc diasfalÐzei ìti
telik� oi (pl reic) apant seic pou epistrèfei o algìrijmoc ja eÐnai epÐshc taxinomhmènec
apì fÔllo proc rÐza. EmeÐc, wstìso, akolouj same to deÔtero trìpo, pou eÐnai h probol 
twn eggraf¸n taxinomhmènwn sÔmfwna me to sq ma rÐza−proc−fÔllo. O lìgoc gia th
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Algorithm PathStack(q)

1: rootNode = root(q)

2: leafNode = leaf(q)

3: while ¬empty(TleafNode) do

4: qmin = getMinSource(q)

5: examinedNodes = {qmin}∪{parent(qmin)}
6: for qi in examinedNodes(q) do

7: while ¬empty(Sqi) do

8: pop(Sqi)

9: if (qmin == rootNode ‖ pointer to top(Sparent(qmin) 6= null) then

10: moveStreamToStack(Tqmin , Sqmin , pointer to top(Sparent(qmin))

11: if isLeaf(qmin) then

12: showSolutions(qmin, 1)

13: pop(Sqmin)

14: pop(Tq)

Function getMinSource(q)

return qi∈subTreeNodes(q) such that nextS(Tqi) is minimal

Procedure moveStreamToStack(Tq, Sq, p)

1: push(Sq, (next(Tq), p))

Sq ma 3.16: Algìrijmoc PathStack.

qrhsimopoÐhsh autoÔ tou sq matoc eÐnai h sumbatìtht� tou me thn èxodo thc diadikasÐac
mplokarÐsmatoc twn apant sewn, h opoÐa anaptÔssetai kai analÔetai diexodik� sthn up-
oenìthta 3.3.3. O algìrijmoc showSolutions gia thn perÐptwsh pou h er¸thsh perièqei
mìno akmèc progìnou-apogìnou faÐnetai sto sq ma 3.17.

'Otan akmèc patèra-paidioÔ up�rqoun sthn er¸thsh, prèpei na l�boume upìyh kai to
stoiqeÐo epÐpedo thc kwdikopoÐhshc jèshc. O PathStack de qrei�zetai na all�xei, all�
qrei�zetai na diasfalÐsoume ìti k�je for� pou kaleÐtai h showSolutions, den prob�llei
l�joc apant seic. Autì mporeÐ na gÐnei eÔkola
tropopoi¸ntac thn anadromik  kl sh gia na elègqei gia akmèc patèra-paidioÔ, sthn opoÐa
perÐptwsh prèpei na proklhjeÐ mìno mÐa anadromik  kl sh, afoÔ pr¸ta epibebaiwjeÐ ìti to
stoiqeÐo epÐpedo twn dÔo kìmbwn diafèrei mìno kat� èna. Me autìn ton trìpo apofeÔgoume
kai epiplèon aqreÐasth ergasÐa, afoÔ k�noume mìno th mÐa kl sh pou eÐnai aparaÐthth.

An epijumoÔme oi telikèc apant seic sthn er¸thsh na parousi�zontai taxinomhmènec
kat� rÐza−proc−fÔllo seir�, tìte eÐnai profanèc ìti den arkeÐ se k�je epan�lhyh thc
showSolutions na gr�fontai sthn èxodo oi apant seic pou eÐnai kwdikopoihmènec sth stoÐba
se rÐza−proc−fÔllo di�taxh. ApenantÐac, prèpei me k�poion trìpo na mporèsoume na m-
plok�roume tic apant seic, kai na kajuster soume to gr�yimì touc mèqric ìtou sigoureutoÔme
ìti den mporeÐ pia na upologisteÐ kamÐa ap�nthsh pou na eÐnai sth di�taxh twn apant sewn
prin apì aut n. Oi leptomèreiec tou p¸c petuqaÐnoume aut n thn taxinìmhsh parousi�zontai
sthn epìmenh enìthta.
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Procedure showSolutions(q, index)

1: // Ac upojèsoume q�rin aplìthtac ìti oi stoÐbec twn kìmbwn thc er¸thshc apì th rÐza èwc
2: // kai to trèqon fÔllo mporoÔn na prospelastoÔn wc S1,..,Sn.

3: // EpÐshc, èstw ènac global pÐnakac outputIndex[1,...,n] deikt¸n sta stoiqeÐa twn stoib¸n.
4: // O index[i] parist�nei th jèsh thc stoÐbac i pou mac endiafèrei gia thn trèqousa jèsh,

5: // ìpou h jèsh tou pujmèna k�je stoÐbac eÐnai 1.

6:

7: // Shmei¸noume th jèsh index pou mac endiafèrei gia th stoÐba SQ.

8: outputIndex[SN ] = index

9: if q == 1 then

10: // EmfanÐzoume thn trèqousa ap�nthsh apì tic stoÐbec.

11: output(S1[outputIndex[1]].value,...,Sn[outputIndex[n]].value)

12: else

13: new index = Sq[index].pointer to parent

14: for i = 1 to new index do

15: showSolutions(parent(q), i)

Sq ma 3.17: DiadikasÐa showSolutions.

Mplok�risma Apotelesm�twn

Ac jewr soume to aplì er¸thma A//D. Se opoiod pote shmeÐo kat� th di�rkeia thc
epexergasÐac thc er¸thshc, an o kìmboc a apì th stoÐba SA brejeÐ na eÐnai prìgonoc tou
kìmbou d apì th ro  TD, tìte gia k�je kìmbo a′ apì th stoÐba SA pou eÐnai prìgonoc tou
a prèpei na eÐnai kai prìgonoc tou d. AfoÔ a′.start < a.start, prèpei na anab�loume thn
èxodo thc lÔshc (a, d) mèqric ìtou h lÔsh (a′, d) grafeÐ. Paramènei ìmwc h pijanìthta èna
nèo stoiqeÐo d′ sth ro  TD pou eÐnai apìgonoc tou d na mporeÐ na deÐxei sto a′ ìso to a′

an kei sth stoÐba SA. Epomènwc, den mporoÔme na gr�youme sthn èxodo to zeÔgoc (a, d),
mèqri o kìmboc a′ na bgei apì th stoÐba SA. Sto metaxÔ, mporoÔme na kataskeu�soume
endi�mesa apotelèsmata sunènwshc, ta opoÐa wstìso den mporoÔn akìmh na grafoÔn sthn
èxodo. 'Etsi, h kat�stash mporeÐ na gÐnei polÔ �sqhmh gia erwt seic meg�lou m kouc, me
poll� endi�mesa apotelèsmata. H diadikasÐa pou ja perigr�youme epistrèfei tic lÔseic sthn
er¸ths  mac se di�taxh rÐza−proc−fÔllo kai basÐzetai sthn idèa tou mplokarÐsmatoc.

Gia autìn to skopì, diathroÔme dÔo sundedemènec lÐstec sqetizìmenec me k�je stoiqeÐo n

stic stoÐbec: h pr¸th, (S)elf-list, parist�nei ìlec tic apant seic sthn er¸thsh pou prokÔptei
apì to arqikì jewr¸ntac ìmwc ìti t¸ra rÐza eÐnai o n, en¸ ìloi oi progonoÐ tou diagr�fontai
apì thn er¸thsh, ¸ste o n na gÐnei h rÐza thc er¸thshc - h deÔterh, (I)nherit-list, parist�nei
ìlec tic apant seic stic proekt�seic thc arqik c er¸thshc me rÐza touc apogìnouc tou n,
ìpou oi upìloipoi kìmboi (o n kai oi prìgonoÐ tou) èqoun diagrafeÐ apì to er¸thma (mìno
h koruf  k�je stoÐbac èqei inherit-list. Se opoiod pote shmeÐo kat� thn ektèlesh tou
algìrijmou, h self-list kai h inherit-list tou kìmbou n prèpei na epektajoÔn me ta stoiqeÐa
stic stoÐbec twn kìmbwn pou eÐnai prìgonoÐ tou sto er¸thma, kat� parìmoio trìpo me
ìsa k�name sth showSolutions, ¸ste telik� na p�roume ti pl reic apant seic sto arqikì
er¸thma. H kÔria idèa tou algorÐjmou param�nei parìmoia me prin, all� t¸ra de gr�foume
mÐa pl rh ap�nthsh sth lÐsta exìdou amèswc mìlic thn entopÐsoume, all� susswreÔoume
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Sq ma 3.18: Dunatèc diat�xeic twn stoib¸n kat� to mplok�risma apotelesm�twn.

stic dÔo proanaferjeÐsec lÐstec tic merikèc lÔseic pou brÐskoume k�je for� se di�taxh
rÐza−proc−fÔllo, opìte ìtan sto tèloc gr�youme tic pl reic lÔseic sth lÐsta exìdou,
autèc ja eÐnai sth swst  seir�.

Pio sugkekrimèna, ìtan èna nèo stoiqeÐo prostÐjetai se mÐa stoÐba, arqikopoioÔme tic
dÔo lÐstec tou me tic kenèc lÐstec. 'Estw pwc se k�poio shmeÐo tou algorÐjmou bg�zoume to
stoiqeÐo DC apì th stoÐba SD. An�loga me thn trèqousa di�taxh twn stoib¸n, pr�ttoume
wc ex c:

(a) O kìmboc D den eÐnai h rÐza thc er¸thshc, all� èqei patèra ton kìmbo A. To stoiqeÐo
DC den eÐnai ston pujmèna thc stoÐbac, all� èqei prìgono to stoiqeÐo DP (Sq ma 3.18(a)).
Se aut n thn perÐptwsh, pr¸ta kajorÐzoume touc kìmbouc AC kai AP (touc kìmbouc sth
stoÐba SA stouc opoÐouc deÐqnoun ta DC kai DP antÐstoiqa). Tìte sunen¸noume tic self-
list kai inherit-list (me aut n th seir�) tou DC me tic self-list twn stoiqeÐwn thc stoÐbac
SA arqÐzontac apì to AC (sumperilambanomènou) kai telei¸nontac sto AP (mh sumperilam-
banomènou).

(b) O kìmboc D den eÐnai h rÐza thc er¸thshc, all� èqei patèra ton kìmbo A. To stoi-
qeÐo DC eÐnai ston pujmèna thc stoÐbac (Sq ma 3.18(b)). Se aut n thn perÐptwsh, pr¸ta
kajorÐzoume ton kìmbo AC (ton kìmbo sth stoÐba SA ston opoÐo deÐqnei to DC). Tìte
sunen¸noume tic self-list kai inherit-list (me aut n th seir�) tou DC me tic self-list sta stoi-
qeÐa thc stoÐbac SA apì to AC

(sumperilambanomènou) mèqri kai ton pujmèna thc stoÐbac.

(g) O kìmboc D eÐnai h rÐza thc er¸thshc. To stoiqeÐo DC den eÐnai ston pujmèna
thc stoÐbac, all� èqei prìgono to stoiqeÐo DP (Sq ma 3.18(c)). Se aut n thn perÐptwsh,
sunen¸noume tic self-list kai inherit-list (me aut n th seir�) tou DC me thn inherit-list tou
stoiqeÐou DP .
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(d) O kìmboc D eÐnai h rÐza thc er¸thshc. To stoiqeÐo DC eÐnai ston pujmèna thc
stoÐbac (Sq ma 3.18(d)). Pr¸ta gr�foume sthn èxodo ta stoiqeÐa thc self-list kai sth sunè-
qeia ta apotelèsmata thc inherit-list tou stoiqeÐou DC .

EÐnai arket� eÔkolo na doÔme ìti stic peript¸seic (a), (b), kai (g) diathroÔme ìlec tic
lÔseic, ìtan anadiat�ssoume tic sundedemènec lÐstec. EpÐshc, k�je for� pou sunen¸noume
mÐa lÐsta me mÐa �llh, eÐnai egguhmèno ìti kanèna mellontikì stoiqeÐo de ja sunenwjeÐ ektìc
seir�c. 'Ara, sthn perÐptwsh (d) gr�foume to apotèlesma sthn èxodo sthn epijumht  seir�
(rÐza−proc−fÔllo). Ac d¸soume mÐa prìqeirh apìdeixh gia thn perÐptwsh (a). Oi lÐstec
self-list kai inherit-list tou DC prèpei na sunenwjoÔn me ìla ta stoiqeÐa thc stoÐbac SA

apì to stoiqeÐo AC wc ton pujmèna thc. Gia autì to lìgo, sunen¸noume tic self-list kai
inherit-list tou DC se ìlouc touc kìmbouc thc SA apì ton AC mèqri kai prin ton AP . AfoÔ
tautìqrona sunen¸noume th lÐsta self-list tou DC sthn inherit-list tou DP , eÐnai bèbaio
ìti se k�poia mellontik  epan�lhyh tou algorÐjmou autèc oi merikèc lÔseic ja ft�soun
se ìlouc touc enapomeÐnantec kìmbouc thc stoÐbac SA. Epomènwc de q�same k�poia merik 
lÔsh ìso qeirizìmastan tic lÐstec. EpÐshc, ìtan ex�goume to stoiqeÐo DC , gnwrÐzoume ìti
ìti kanèna nèo stoiqeÐo apì th ro  TD de ja arqÐsei prin to DC (kai ìlouc touc apogìnouc
tou), epomènwc k�je nèa lÔsh ja xekin� met� apì k�je merik  lÔsh stic dÔo lÐstec tou DC .
Apì thn �llh, den mporoÔme na sunen¸soume autèc tic lÐstec sth self-list tou AP kai twn
progìnwn tou, epeid  k�poiec lÔseic pou arqÐzoun prin apì autèc mporeÐ na mplokaristoÔn
ston DP kai touc progìnouc tou. AntimetwpÐzoume aut n thn perÐptwsh sunen¸nontac th
self-list tou DC sthn inherit-list tou DP . Oi upìloipec peript¸seic apodeiknÔontai parìmoia.

H mình leitourgÐa pou pragmatopoioÔme stic lÐstec eÐnai h sunènwsh (ektìc apì to tèloc,
pou tic diab�zoume gia na gr�youme ta apotelèsmata sthn èxodo). Efìson h ulopoÐhsh
twn sundedemènwn list¸n diathreÐ lÐstec sto kef�li kai thn our� twn list¸n, autèc oi
leitourgÐec sunènwshc mporoÔn na pragmatopoihjoÔn se stajerì qrìno kai de qrei�zontai
epiplèon antigrafèc. Epomènwc, qreiazìmaste mìno na èqoume prìsbash sthn our� k�je
lÐstac kat� th di�rkeia tou upologismoÔ. To upìloipo mèroc thc lÐstac mporeÐ na kratiètai
sto swap part sto sklhrì dÐsko. 'Otan h lÐsta x sunen¸netai sto tèloc thc lÐstac y, den
eÐnai aparaÐthto na eÐnai to kef�li thc x sth mn mh, afoÔ h leitourgÐa
sunènwshc apl� par�gei èna deÐkth apì thn our� thc y sto kef�li thc x. 'Ara to mìno pou
qrei�zetai na xèroume eÐnai to deÐkth gia to kef�li k�je lÐstac, akìmh ki an metaferjeÐ sto
swap part tou sklhroÔ dÐskou. K�je selÐda thc mn mhc metafèretai epomènwc sto swap
part tou sklhroÔ dÐskou to polÔ mia for�, kai epanèrqetai sthn kÔria mn mh, mìno ìtan h
lÐsta eÐnai ètoimh gia gr�yimo sthn èxodo. EpÐshc, o sunolikìc arijmìc twn eisìdwn stic
lÐstec eÐnai akrib¸c Ðsoc me ton arijmì twn eisìdwn thc exìdou tou algorÐjmou. 'Eqoume
sunep¸c ìti oi apaitoÔmenec I/O leitourgÐec gia na diathr soume tic lÐstec eÐnai an�logoc
tou megèjouc thc exìdou tou algorÐjmou, dedomènou ìti up�rqei arket  mn mh gia na krat�me
stouc kataqwrhtèc thn our� k�je lÐstac.
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3.3.4 An�lush tou PathStack

H prìtash pou akoloujeÐ eÐnai polÔ basik  gia na apodeÐxoume thn orjìthta tou algo-
rÐjmou PathStack.

Prìtash 3.1. 'Estw ìti o kìmboc Y enìc XML dèntrou eÐnai stajerìc. Tìte h akoloujÐa
twn peript¸sewn sqetik c jèshc metaxÔ tou kìmbou Y kai ìlwn twn kìmbwn X tou XML

dèntrou kat� aÔxousa jèsh thc tim c start eÐnai: (1|2)*3*4*. Oi peript¸seic 1 kai 2 den
eÐnai saf¸c oriojethmènec, all� mplèketai h mÐa me thn �llh, akoloujoÔn ìloi oi kìmboi thc
perÐptwshc 3 prin apì opoiod pote kìmbo thc perÐptwshc 4 kai, tèloc, èrqontai oi kìmboi
thc perÐptwshc 4 (Sq ma 3.19). 2

Sq ma 3.19: Peript¸seic gia ton PathStack.

L mma 3.1. 'Estw ìti gia ènan tuqaÐo kìmbo q sthn upì exètash er¸thsh èqoume pwc
getMinSource(q)=qN . EpÐshc, èstw ìti tqN eÐnai to epìmeno stoiqeÐo sth ro  TqN . Tìte,
afoÔ to stoiqeÐo tqN topojethjeÐ sth stoÐba SqN , h alusÐda twn stoib¸n apì thn SqN wc
thn Sqs ikanopoieÐ ìti oi shm�nseic twn kìmbwn touc an koun sthn alusÐda twn kìmbwn sto
XML dèntro apì ton kìmbo qN wc th rÐza. 2

Gia k�je kìmbo tqmin pou topojeteÐtai sth stoÐba Sqmin , eÐnai eÔkolo na diapist¸soume
apì to parap�nw l mma kai apì thn epanalhptik  fÔsh tou algorÐjmou ShowSolutions ìti
ìlec oi apant seic, stic opoÐec to tqmin eÐnai taÐriasma gia ton kìmbo qmin thc er¸thshc, ja
emfanistoÔn. Autì mac odhgeÐ sto parak�tw apotèlesma orjìthtac:

Je¸rhma 3.4. Dojèntwn miac er¸thshc monopatioÔ q kai enìc XML dèntrou D, o al-
gìrijmoc PathStack epistrèfei swst� ìlec tic apant seic gia to q p�nw sto D. 2

DeÐqnoume, tèloc, th beltistìthta tou algorÐjmou. DojeÐshc miac XML er¸thshc
monopatioÔ m kouc n, o PathStack paÐrnei n roèc eisìdou diatetagmènec kat� tim  tou start

(thc kwdikopoÐhshc jèshc), kai upologÐzei mÐa lÐsta apì eggrafèc megèjouc n, oi opoÐec
ikanopoioÔn thn exetazìmenh er¸thsh. ProkÔptei �mesa ìti ,exairoumènwn twn kl sewn sth
ShowSolutions, to I/O kai CPU kìstoc tou PathStack eÐnai grammikì wc proc to �jroisma



3.4 O algìrijmoc TwigStack 73

twn megej¸n twn n ro¸n eisìdou. AfoÔ, tèloc, to kìstoc thc ShowSolutions eÐnai an�logo
(grammikì) wc proc th lÐsta exìdou, èqoume to epìmeno je¸rhma beltistìthtac:

Je¸rhma 3.5. Dojèntwn miac er¸thshc monopatioÔ q me n kìmbouc kai enìc XML dèntrou
D, o algìrijmoc PathStack èqei I/O kai CPU qronik  poluplokìthta grammik  wc proc to
�jroisma twn megej¸n twn n ro¸n eisìdou kai thc lÐstac exìdou. Epiprìsjeta, h qwrik 
poluplokìthta tou PathStack eÐnai to el�qisto twn: (a)to �jroisma twn megej¸n twn n

ro¸n eisìdou, kai (b)to mègisto m koc enìc monopatioÔ apì th rÐza se èna fÔllo sto D. 2

EÐnai idiaÐterhc shmasÐac na shmei¸soume ìti h qronik  poluplokìthta tou algorÐjmou
PathStack eÐnai anex�rthth twn megej¸n ìlwn twn endi�meswn apotelesm�twn.

3.4 O algìrijmoc TwigStack

3.4.1 PeriorismoÐ Qr shc tou PathStack

'Eqontac perigr�yei ton algìrijmo PathStack ènac polÔ aplìc trìpoc gia na apotim -
soume mÐa er¸thsh me prìtupo dendrik c morf c ja  tan na aposunjèsoume to dendrikì prì-
tupo se pollapl� prìtupa morf c monopatioÔ, sth sunèqeia na qrhsimopoi soume ton Path-
Stack gia na prosdiorÐsoume thn ap�nthsh se kajèna apì aut� ta monop�tia kai, tèloc, na
sugqwneÔsoume me sunènwsh ìlec tic apant seic ¸ste na upologÐsoume thn telik  ap�nthsh
sto arqikì er¸thma. Aut  h prosèggish, ìmwc, èqei to Ðdio meionèkthma jemelei¸dec me autì
pou antimetwpÐzoun oi teqnikèc pou basÐzontai se duadikoÔc domikoÔc sundèsmouc: poll�
endi�mesa apotelèsmata mporeÐ na mhn eÐnai mèroc thc telik c ap�nthshc. Pr�gmati, up�r-
qei h akraÐa all� ìqi apÐjanh perÐptwsh ta apotelèsmata pou prokÔptoun apì ta di�fora
monop�tia na mhn mporoÔn na sunduastoÔn me kanèna trìpo ki ètsi to sÔnolo thc telik c
ap�nthshc na eÐnai kenì, en¸ to sÔnolo twn endi�meswn apotelesm�twn na perièqei polÔ
meg�lo arijmì endi�meswn apotelesm�twn, stoiqeÐo pou kajist� thn prosèggish teleÐwc
anapotelesmatik .

Par�deigma 3.3. JewroÔme thn er¸thsh pou antistoiqeÐ sto upodèndro pou èqei rÐza ton
kìmbo author tou Sq matoc 3.21. Se sqèsh me thn XML b�sh dedomènwn tou Sq matoc
3.20, ta dÔo monop�tia thc er¸thshc: author− fn− jane kai author− ln− doe, èqoun dÔo
lÔseic to kajèna, all� h telik  ap�nthsh sthn arqik  er¸thsh èqei mìno mÐa ap�nthsh. 2

Genik�, an oi erwt seic monopatioÔ stic opoÐec aposuntÐjetai h arqik  er¸thsh è-
qoun pollèc lÔseic pou de suneisfèroun sthn telik  ap�nthsh, tìte o PathStack den eÐ-
nai bèltistoc, me thn ènnoia ìti to sunolikì kìstoc upologismoÔ eÐnai an�logo ìqi mìno
tou megèjouc twn ro¸n eisìdou kai tou telikoÔ apotelèsmatoc, all� kai twn endi�meswn
apotelesm�twn. O algìrijmoc TwigStack mac bohj� na xeper�soume to prìblhma thc mh
beltistìthtac.
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Sq ma 3.20: DeÐgma XML Dèntrou me KwdikopoÐhsh Jèshc.

Sq ma 3.21: Erwt seic me Prìtupa Dendrik c Morf c.

3.4.2 TwigStack

O algìrijmoc TwigStack, o opoÐoc upologÐzei thn ap�nthsh se erwt seic me prìtupa
dendrik c morf c, parousi�zetai sto Sq ma 3.22, gia thn perÐptwsh pou oi roèc eisìdou
perièqoun kìmbouc apì èna mìno èggrafo XML. An oi roèc perièqoun kìmbouc apì pollapl�
XML èggrafa, tìte o algìrijmoc mporeÐ eÔkola na epektajeÐ gia na elègqei kai omoiìthta
thc tautìthtac eggr�fou, prin na qeiristeÐ touc kìmbouc stic roèc eisìdou kai stic stoÐbec.

O algìrijmoc TwigStack leitourgeÐ se dÔo f�seic. Sthn pr¸th f�sh (grammèc 2-12),
merikèc (all� ìqi ìlec) apant seic stic di�forec erwt seic monopatioÔ stic opoÐec apo-
suntÐjetai h er¸thsh. Sth deÔterh f�sh (gramm  14), autèc oi lÔseic sugqwneÔontai me
sunènwsh gia ton upologismì thc telik c ap�nthshc sthn arqik  dendrik  er¸thsh.

H kÔria diafor� metaxÔ tou PathStack kai thc pr¸thc f�shc tou TwigStack ègkeitai
sto ìti prin ènac kìmboc hq apì th ro  eisìdou Tq topojethjeÐ sth stoÐba Sq, o TwigStack
(mèsw thc kl shc sth sun�rthsh getNext) èqei exasfalÐsei dÔo polÔ shmantik� stoiqeÐa:

(a) o kìmboc hq èqei ènan apìgono hqi se k�je mÐa apì tic roèc Tqi , ìpou qi ∈ children(q),
kai

(b) kajènac apì touc kìmbouc hqi ikanopoieÐ anadromik� thn pr¸th idiìthta.
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Algorithm TwigStack(q)

1: // F�sh 1
2: while ¬end(q) do

3: if (¬isRoot(qact)) then

4: cleanStack(parent(qact), nextL(qact))

5: if (isRoot(qact) ∧ ¬empty(Sparent(qact))) then

6: cleanStack(qact, nextL(qact))

7: moveStreamToStack(Tqact , Sqact , pointer to top(Sparent(qact)))

8: if isLeaf(qact) then

9: showSolutionsWithBlocking(Sqact , 1)

10: pop(Sqact)

11: else

12: advance(Tqact)

13: // F�sh 2
14: mergeAllPathSolutions()

Procedure cleanStack(S, actL)

1: while (¬empty(S) ∧ (topR(S) < actL)) do

2: pop(S)

Sq ma 3.22: Algìrijmoc TwigStack.

O algìrijmoc PathStack apì thn �llh den ikanopoieÐ autèc tic idiìthtec kai de qrei�zetai
m�lista na tic ikanopoieÐ gia na egguhjeÐ thn (asumptwtik ) beltistìthta gia erwt seic me
prìtupa monopatioÔ.

Epomènwc, ìtan h dendrik  er¸thsh èqei mìno sqèseic progìnou-apogìnou, k�je mÐa apì
tic lÔseic stic di�forec erwt seic monopatioÔ eÐnai exasfalismènh na mporeÐ na sunduasteÐ
kai na sugqwneujeÐ me toul�qiston mÐa lÔsh se kajemÐa apì tic upìloipec erwt seic monopa-
tioÔ. Autì me th seir� tou eggu�tai ìti kamÐa endi�mesh lÔsh den eÐnai megalÔterh apì thn
telik  ap�nthsh sth dendrik  mac er¸thsh.

H deÔterh f�sh sugq¸neushc tou algorÐjmou eÐnai grammik  wc proc to �jroisma
twn megej¸n eisìdou (oi lÔseic stic di�forec erwt seic monopatioÔ) kai exìdou (h telik 
ap�nthsh), mìno ìtan oi eÐsodoi eÐnai taxinomhmènec se aÔxousa di�taxh wc proc ta koin�
projèmata stic endi�mesec lÔseic. Pr�gmati, se aut n thn perÐptwsh mporoÔme na qrhsi-
mopoi soume ènan opoiond pote algìrijmo sugq¸neushc apì autoÔc pou proteÐnontai sth
bibliografÐa, ìpwc o merge-join pou proteÐnetai sto [25], enìthta 13.5.4. Autì ìmwc
proôpojètei oi endi�mesec lÔseic stic di�forec erwt seic monopatioÔ na eÐnai taxinomhmènec
apì th rÐza proc to fÔllo kai kat' epèktash mplok�risma. MporeÐ epomènwc na qrhsi-
mopoihjeÐ mÐa sun�rthsh ìpwc h showSolutionsWithBlocking (enìthta 3.3.3). Se antÐjeth
perÐptwsh, ja èprepe na proboÔme se mÐa taxinìmhsh twn endi�meswn apotelesm�twn, h opoÐa
èqei ashmptwtik  poluplokìthta O(nlogn), kajist¸ntac thn prosèggish aut  anapoteles-
matik .

Par�deigma 3.4. Ac jewr soume ek nèou thn er¸thsh tou ParadeÐgmatoc 3.3, pou eÐnai h
er¸thsh pou antistoiqeÐ sto upodèndro me rÐza ton kìmbo author tou dendrikoÔ protÔpou tou
Sq matoc 3.21, kaj¸c kai thn XML b�sh dedomènwn tou Sq matoc 3.20. Prin o TwigStack
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Function getNext(q)

1: if (isLeaf(q) then

2: return q

3: for qi in children(q) do

4: ni = getNext(qi)

5: if (ni 6= qi) then

6: return ni

7: nmin = minargni nextL(Tni)

8: nmax = maxargni nextL(Tni)

9: while (nextR(Tq) < nextL(Tnmax) do

10: advance(Tq)

11: if (nextL(Tq) < nextL(Tnmin) then

12: return q

13: else

14: return nmin

Sq ma 3.23: Algìrijmoc getNext.

topojet sei èna stoiqeÐo me s mansh author sth stoÐba Sauthor, pr¸ta exasfalÐzei ìti o
kìmboc autìc èqei: (a) ènan apìgono kìmbo me s mansh fn sth ro  eisìdou Tfn , kai (b)
ènan apìgono kìmbo me s mansh ln sth ro  eisìdou Tln (pou me th seir� tou èqei ènan
apìgono kìmbo doe sth ro  Tdoe). Epomènwc, mìno to èna apì ta trÐa stoiqeÐa thc XML
b�shc dedomènwn me th s mansh author topojeteÐtai sthn antÐstoiqh stoÐba. Ta akìlouja
b mata tou algorÐjmou exasfalÐzoun ìti mìno mÐa lÔsh se kajemÐa apì tic dÔo erwt seic
monopatioÔ ja upologisteÐ, kai sugkekrimèna: author − fn − jane kai author − ln − doe.
Telik�, h f�sh sugq¸neushc upologÐzei th mÐa epijumht  ap�nthsh. 2

3.4.3 An�lush tou TwigStack

Sthn enìthta aut  apodeiknÔetai h orjìthta kai beltistìthta upì sunj kec tou al-
gorÐjmou TwigStack. Oi apodeÐxeic sta di�fora jewr mata kai l mmata paraleÐpontai sta
plaÐsia thc diplwmatik c ergasÐac. O endiaferìmenoc anagn¸sthc parapèmpetai sto [2].

Orismìc 3.5. 'Estw mÐa er¸thsh me prìtupo dendrik c morf c Q. Gia k�je kìmbo q

∈ subtreeNodes(Q) orÐzoume wc kefal  tou q kai to sumbolÐzoume me hq to pr¸to stoiqeÐo
sth ro  eisìdou Tq pou summetèqei se mÐa lÔsh gia thn upoer¸thsh pou èqei wc rÐza ton
kìmbo q. Lème ìti o kìmboc q èqei el�qisth epèktash apogìnou an up�rqei mÐa lÔsh gia thn
upoer¸thsh me rÐza ton kìmbo q pou apoteleÐtai apokleistik� apì tic kefalèc twn kìmbwn
subtreeNodes(q). 2

H Prìtash 3.1, pou basÐzetai sto Sq ma 3.19, eÐnai o jemèlioc lÐjoc p�nw ston opoÐo
qtÐzetai to epìmeno l mma:

L mma 3.2. 'Estw ìti gia ènan tuqaÐo kìmbo q sth dendrik  er¸thsh èqoume ìti getNext(q)=
qN . Tìte isqÔoun oi parak�tw idiìthtec:

1. O qN èqei el�qisth epèktash apogìnou.
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2. Gia k�je kìmbo q′ ∈ subtreeNodes(qN ), to pr¸to stoiqeÐo thc ro c eisìdou Tq′ eÐnai
h kefal  hq′ tou kìmbou q′.

3. EÐte (a) q = qN   (b) o kìmboc parent(qN ) den èqei el�qisth epèktash apogìnou,
exaitÐac tou qN (kai pijan¸c ki �llwn kìmbwn. Me �lla lìgia, h lÔsh thc upoer¸thshc me
rÐza ton kìmbo p = parent(qN ) pou qrhsimopoieÐ to stoiqeÐo hp de qrhsimopoieÐ to stoiqeÐo
hq gia ton kìmbo q all� k�poio �llo stoiqeÐo tou opoÐou h start tim  sthn kwdikopoÐhsh
jèshc eÐnai megalÔterh apì aut  tou hq. 2

Me qr sh tou parap�nw l mmatoc mporeÐ na apodeiqjeÐ ìti ìtan k�poioc kìmboc qN

epistrèfetai apì th sun�rthsh getNext, tìte h kefal  hqN ja èqei epèktash apogìnou se
ìlouc touc kìmbouc sto sÔnolo subtreeNodes(qN ). MporoÔme epÐshc na apodeÐxoume ìti
opoiod pote stoiqeÐo stouc progìnouc tou qN qrhsimopoieÐ to hqN sthn el�qisth epèktash
apogìnou tou, prèpei na epistrafeÐ apì th getNext prin apì to hqN . Epomènwc, mporoÔme
na diathr soume gia k�je kìmbo q sthn er¸thsh ta stoiqeÐa pou eÐnai mèroc miac lÔshc pou
perilamb�nei �lla stoiqeÐa stic roèc twn kìmbwn pou an koun sto subtreeNodes(q). Tìte,
k�je for� pou o kìmboc qN = getNext(q) eÐnai ènac kìmboc fÔllo, emfanÐzoume ìlec tic
lÔseic pou qrhsimopoioÔn thn kefal  hqN . To teleutaÐo eÐnai dunatì, an diathr soume mÐa
stoÐba gia k�je kìmbo sth er¸thsh, kat� trìpo parìmoio me ìsa k�name ston algìrijmo
PathStack.

Je¸rhma 3.6. Dojèntwn miac er¸thshc me prìtupo dendrik c morf c q kai miac XML
b�shc dedomènwn D, o algìrijmoc TwigStack orj� epistrèfei ìlec tic apant seic gia to q
p�nw sth D. 2

An kai h orjìthta isqÔei gia dendrikèc erwt seic pou perièqoun tìso sqèseic progìnou-
apogìnou ìso kai patèra-paidioÔ, mporoÔme wstìso na apodeÐxoume th beltistìthta mìno
sthn perÐptwsh pou h er¸thsh perièqei mìno akmèc progìnou-apogìnou. H basik  idèa pÐsw
apì autì eÐnai apl . AfoÔ topojetoÔme stic stoÐbec mìno stoiqeÐa pou èqoun epekt�seic
progìnou kai apogìnou, eÐnai egguhmèno ìti kanèna stoiqeÐo pou de summetèqei sthn telik 
ap�nthsh den topojeteÐtai stic stoÐbec. Epomènwc, h deÔterh f�sh thc sugq¸neushc eÐnai
bèltisth ki èqoume to parak�tw apotèlesma.

Je¸rhma 3.7. 'Estw mÐa er¸thsh me prìtupo dendrik c morf c q me n kìmbouc pou
perièqei mìno sqèseic progìnou-apogìnou kai mÐa XML b�sh dedomènwn D. O algìrijmoc
TwigStack èqei I/O kai CPU qronik  poluplokìthta grammik  wc proc to �jroisma twn
megej¸n twn n ro¸n eisìdou kai thc lÐstac exìdou. Epiprìsjeta, h qwrik  poluplokìthta
tou PathStack eÐnai to el�qisto twn: (a)to �jroisma twn megej¸n twn n ro¸n eisìdou, kai
(b)n forèc to mègisto m koc enìc monopatioÔ apì th rÐza se èna fÔllo sto D. 2

EÐnai idiaÐterhc shmasÐac na shmei¸soume ìti h qronik  poluplokìthta tou algorÐjmou
TwigStack se erwt seic me mìno sqèseic progìnou-apogìnou eÐnai anex�rthth twn megej¸n
twn lÔsewn se opoid pote monop�ti apì rÐza proc fÔllo tou protÔpou.
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Upobeltistìthta gia Sqèseic Patèra PaidioÔ

To Je¸rhma 3.7 isqÔei mìno gia thn perÐptwsh akm¸n progìnou-apogìnou. Sthn perÐptwsh
pou h er¸thsh perièqei epÐshc kai akmèc patèra-paidioÔ, tìte o algìrijmoc 3.22 den eÐnai
pleìn aparaÐthta bèltistoc wc proc tic leitourgÐec I/O kai wc proc to qrìno CPU. Pio sug-
kekrimèna, o algìrijmoc eÐnai pijanì na parag�gei mÐa lÔsh gia k�poio rÐza−proc−fÔllo
monop�ti, h opoÐa den tairi�zei me kamÐa lÔsh sthn arqik  dendrik  er¸thsh. Apotèles-
ma eÐnai ta polÔ meg�la endi�mesa apotelèsmata, ta opoÐa de brÐskoun b ma sthn telik 
ap�nthsh.

Par�deigma 3.5. Ac jewr soume mÐa dendrik  er¸thsh me treic kìmbouc: A, B kai C,
kaj¸c kai tic akmèc patèra-paidioÔ (A,B) kai (A,C). 'Estw epÐshc ìti ta XML dedomèna
apoteloÔntai apì apì ton kìmbo A1, me paidi� (kat� seir�) A2, B2, C2, ètsi ¸ste o A2 èqei
paidi� touc kìmbouc B1, C1. Oi treic roèc eisìdou TA, TB kai TC èqoun wc pr¸ta stoiqeÐa ta
A1, B1 kai C1 antÐstoiqa. Se aut n thn perÐptwsh, den mporoÔme na poÔme ìti k�poioc apì
autoÔc touc kìmbouc summetèqei se mÐa lÔsh qwrÐc na proqwr soume stic upìloipec roèc,
kai den mporoÔme na proqwr soume kamÐa ro  prin m�joume an to stoiqeÐo thc summetèqei
se k�poia lÔsh. Wc apotèlesma, h beltistìthta den eÐnai plèon egguhmènh. 2

3.5 TwigStackList

An kai o algorÐjmoc TwigStack deÐxame sthn prohgoÔmenh enìthta ìti eÐnai CPU kai I/O
bèltistoc ìtan h dendrik  er¸thsh èqei mìno sqèseic progìnou-apogìnou, sthn perÐptwsh
pou h er¸thsh èqei epÐshc sqèseic gonèa-paidioÔ, tìte o algìrijmoc den eÐnai bèltistoc
afoÔ mporeÐ na sqhmatistoÔn endi�mesa apotelèsmata gia ta monop�tia thc er¸thshc, ta
opoÐa den mporoÔn sthn sunèqeia na sugqwneutoÔn me �lla apotelèsmata. O algìrijmoc
TwigStack den mporeÐ na elègxei to mègejoc aut¸n twn endi�meswn apotelesm�twn, ètsi
to posostì twn �qrhstwn endi�meswn apotelesm�twn mporeÐ na gÐnei ìso meg�lo jèloume.
Gia na antimetwpÐsoun apotelesmatik� to prìblhma autì o Lu kai �lloi ([9]) prìteinan mÐa
epèktash tou klasikoÔ algorÐjmou TwigStack, o opoÐoc eÐnai shmantik� pio apodotikìc se
dendrikèc erwt seic me sqèseic gonèa-paidioÔ.

O nèoc algìrijmoc, TwigStackList, katorj¸nei autì me qr sh dÔo dom¸n dedomènwn:
mÐac stoÐbac kai mÐac lÐstac gia k�je kìmbo thc er¸thshc. MÐa lÐsta sundedemènwn stoib¸n
qrhsimopoieÐtai ìpwc kai ston TwigStack gia th sumpag  anapar�stash apotelesm�twn
atomik¸n monopati¸n apì th rÐza proc ta fÔlla. T¸ra ìmwc diab�zoume ek twn protèrwn
merik� stoiqeÐa stic roèc dedomènwn thc eisìdou kai apojhkeÔoume sth lÐsta ènan perioris-
mèno arijmì apì aut�. O arijmìc twn stoiqeÐwn se mÐa tètoia lÐsta fr�ssetai apì to m koc
tou makrÔterou monopatioÔ sto XML èggrafo. Ta stoiqeÐa stic lÐstec mac bohjoÔn na ka-
jorÐsoume e�n èna stoiqeÐo mporeÐ ìntwc na suneisfèrei se telikèc apant seic kai odhgoÔn
se shmantik� mikrìtero arijmì �qrhstwn apotelesm�twn.

Me th qr sh thc dom c thc lÐstac o nèoc algìrijmoc ekmetalleÔetai ìqi mìno th gn¸-
sh gia sqèseic progìnou-apogìnou metaxÔ kìmbwn thc er¸thshc all� qrhsimopoieÐ kai thn
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plhroforÐa gia to epÐpedo twn kìmbwn, odhg¸ntac ètsi se megalÔterh apodotikìthta. Pr�g-
mati, ìpwc ja prokÔyei kai apì thn an�lush tou TwigPathList, o nèoc algìrijmoc mporeÐ
na egguhjeÐ th beltistìthta twn pr�xewn eisìou/axìdou, akìma kai sthn parousÐa sqèsewn
patèra-paidioÔ k�tw apì mh diakladizìmenouc kìmbouc, en¸ akìma kai ìtan up�rqoun sqèseic
gonèa-paidioÔ k�tw apì diakladizìmenouc kìmbouc thc er¸thshc, ta endi�mesa apotelèsmata
pou ex�gei eÐnai egguhmèna èna uposÔnolo twn apotelesm�twn pou ex�gei o PathStack.

3.5.1 OrologÐa

H orologÐa pou qrhsimopoieÐtai sth diatÔpwsh tou algorÐjmou TwigStackList èqei poll�
koin� shmeÐa me thn orologÐa tou PathStack sthn enìthta 3.3.2, parousi�zei ìmwc kai k�poiec
epiplèon prosj kec. H sun�rthsh children(n) epistrèfei ìla ta paidi� tou kìmbou n, kai oi
PCRchildren(n), ADRchildren(n) epistrèfoun ìlouc touc kìmbouc paidi� tou kìmbou n

me ta opoÐa èqei sqèsh gonèa-paidioÔ   progìnou-apogìnou antÐstoiqa sto dendrikì prìtupo
thc er¸thshc. Dhlad , PCRchildren(n)∪ADRchildren(n) = children(n).

Se sÔgkrish me ton TwigStack, o TwiStackList k�nei qr sh kai mÐac dom c lÐstac, pèra
apì th gnwst  dom  stoÐbac. Sugkekrimèna, dojeÐshc miac er¸thshc sqetÐzoume me k�je
kìmbo thc mÐa lÐsta Ln kai mÐa stoÐba Sn. Gia th stoÐba Sn isqÔoun ìsa anafèrjhkan sthn
enìthta 3.3.2. 'Oso gia th lÐsta Ln, dhl¸noume mÐa akèraia metablht  pn, wc èna dromèa
pou deÐqnei se k�poio stoiqeÐo mèsa sth lÐsta Ln. QrhsimopoioÔme th Ln.elementAt(pn) gia
na dhl¸soume to stoiqeÐo sto opoÐo deÐqnei o pn. MporoÔme na prospel�soume tic plhro-
forÐec jèshc tou stoiqeÐou Ln.elementAt(pn) me tic sunart seic Ln.elementAt(pn).start,
Ln.elementAt(pn).end kai Ln.elementAt(pn).level. Se k�je shmeÐo tou upologismoÔ ta
stoiqeÐa se k�je lÐsta Ln eÐnai austhr� emfwleumèna apì to pr¸to proc to teleutaÐo,
dhlad  k�je stoiqeÐo eÐnai apìgonoc tou stoiqeÐou pou to akoloujeÐ sth lÐsta. Oi epitrep-
tèc pr�xeic p�nw sth lÐsta eÐnai oi delete(pn) kai append(e). H pr¸th diagr�fei to stoiqeÐo
Ln.elementAt(pn) apì th lÐsta, en¸ h deÔterh parajètei to stoiqeÐo e sto tèloc thc <Ln.

3.5.2 Algìrijmoi

O algìrijmoc TwigStackList leitourgeÐ se dÔo f�seic, ìpwc kai o TwigStack. Sthn
pr¸th f�sh, kaleÐ epaneilhmmèna ton algìrijmo getNext me th rÐza tou kìmbou wc par�metro
gia na brei ton epìmeno proc epexergasÐa kìmbo. Se aut  th f�sh ex�goume tic lÔseic sta
atomik� monop�tia thc er¸thshc apì th rÐza proc ta fÔlla. Sth deÔterh f�sh, autèc oi
(merikèc) lÔseic suqgwneÔontai gia na upologisteÐ h ap�nthsh se ìlo to dendrikì prìtupo
thc er¸thshc.

Algìrijmoc getNext

H diadikasÐa getNext(n) (Sq ma 3.24) kaleÐtai apì ton kÔrio algìrijmo tou TwigStack-
List. Epistrèfei ènan kìmbo n′ (pijan¸c n′ = n) me tic ex c treic shmantikèc idiìthtec:
èstw to stoiqeÐo en′ = getElement(n′), tìte
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• to en′ èqei ènan apìgono eni se k�je ro  dedomènwn Tni , ìpou ni ∈ children(n′),

• e�n o n′ den eÐnai kìmboc diakl�dwshc sthn er¸thsh, to stoiqeÐo en′ èqei èna paidÐ eni

sthn Tni , ìpou ni ∈ PCRchildren(n′) (an up�rqei)

• e�n o n′ eÐnai kìmboc diakl�dwshc sthn er¸thsh, tìte up�rqei èna stoiqeÐo ei (me
s mansh n′) sto monop�ti apì to en′ sto enmax pou eÐnai gonèac tou eni , ìpou ni ∈
PCRchildren(n′) (an up�rqoun) kai enmax eÐnai to stoiqeÐo me th mègisth start tim 
gia ìla ta children(n′).

Oi pr¸tec 9 grammèc tou getNext(n) eÐnai gnwstèc apì ton TwigStack kai den prìkeitai
na sqoliastoÔn. H gramm  10, ìmwc, apoteleÐ èna polÔ shmantikì b ma. Ed¸ diab�zoume
ek twn protèrwn k�poia stoiqeÐa thc Tn ro c kai ful�me sth lÐsta Ln ìsa eÐnai apìgonoi
tou stoiqeÐou Cnmax . 'Opote èna stoiqeÐo ni den mporeÐ na brei to gonèa tou sth lÐsta
Ln ìpou ni ∈ children(n), o algìrijmoc getNext epistrèfei ton kìmbo ni. Aut  eÐnai mÐa
polÔ shmantik  diafor� metaxÔ twn TwigStackList kai TwigStack, afoÔ o teleutaÐoc ja
epèstrefe se aut n thn perÐptwsh ton kìmbo n antÐ tou ni, pr�gma pou mporeÐ na odhg sei se
poll� �qrhsta endi�mesa apotelèsmata. AntÐjeta, o nèoc algìrijmoc epistrèfei ton kìmbo
ni pou den èqei gonèa sth lÐsta Ln, afoÔ o kìmboc ni de suneisfèrei se telik� apotelèsmata
pou perilamb�noun stoiqeÐa apì ta upìloipa mèrh twn ro¸n. 'Etsi, h kÔria diafor� metaxÔ
twn dÔo mejìdwn getNext stouc dÔo algìrijmouc sunoyÐzetai sto ex c: ston TwigStack h
getNext(n) epistrèfei ton kìmbo n′ an to trèqon stoiqeÐo en′ sth ro  Tn′ èqei ènan apìgono
se k�je ro  Tni , gia ni ∈ children(n′), en¸ ston TwigStackList o epistrefìmenoc kìmboc
prèpei na ikanopoieÐ kai tic treic idiìthtec pou anafèrontai pio p�nw.

KÔrioc Algìrijmoc

O kÔrioc algìrijmoc tou TwigStackList up�rqei sto [9] kai den perigr�fetai ed¸ lìgw
thc èntonhc omoiìtht�c tou me ton kÔrio algìrijmo tou TwigStack. O algìrijmoc autìc
kaleÐ epaneilhmmèna th sun�rthsh getNext(root) gia na p�rei ton epìmeno proc epexergasÐa
kìmbo n. ApomakrÔnei merikèc lÔseic pou den mporoÔn na summet�sqoun se pl reic lÔseic
apì tic stoÐbec tou n kai tou parent(n). An o n eÐnai kìmboc fÔllo, topojetoÔme to
getElement(n) sth stoÐba Sn, alli¸c par�goume th (merik ) lÔsh pou perilamb�nei to
stoiqeÐo getElement(n). Oi (merikèc) lÔseic pou ex�gontai gia ta monop�tia tou dendrikoÔ
protÔpou prèpei na eÐnai taxinomhmènec apì th rÐza proc ta fÔlla ètsi ¸ste h diadikasÐa
thc sugq¸neushc na gÐnei apodotik�. Gia autì to lìgo, qrhsimopoieÐtai h teqnik  tou
mplokarÐsmatoc pou analÔjhke sthn enìthta 3.3.3. H mình diafor� pou shmei¸netai apì
ton TwigStack eÐnai ìti h nèa èkdosh tou kÔriou algìrijmou qrhsimopoieÐ diaforetikèc
sunart seic gia to kaj�risma thc stoÐbac tou kìmbou pou epistrèfei h getNext kai tou
gonèa tou, ètsi ¸ste na diathreÐtai h orjìthta tou algorÐjmou.
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Algorithm getNext(n)

1: if (isLeaf(n) then

2: return n

3: for all ni in children(n) do

4: gi = getNext(ni)

5: if (gi 6= ni) then

6: return gi

7: nmin = minargni getStart(ni)

8: nmax = maxargni getStart(ni)

9: while (getEnd(n) < getStart(nmax) do

10: proceed(n)

11: if (getStart(n) > getStart(nmin) then

12: return nmin

13: MoveStreamToList(n, nmax)

14: for all node ni in children(n) do

15: if there is an element ei in List Ln such that ei is the parent of getElement(ni) then

16: if ni is the only child of n) then

17: move the cursor pn of list Ln to point to ei

18: else

19: return ni

20: return n

Procedure moveStreamToList(n, g)

1: while Cn.start < getStart(g) do

2: if Cn.end > getEnd(g) then

3: Ln.append(Cn)

4: advance(Tn)

Procedure proceed(n)

1: if empty(Ln) then

2: advance(Tn)

3: else

4: Ln.delete(pn)

5: pn = 0 //Move pn to point the beginning of Ln

Sq ma 3.24: Algìrijmoc getNext.

3.5.3 An�lush tou TwigStackList

Se aut n thn enìthta parousi�zoume ta jewrhtik� apotelèsmata thc ergasÐac [9], pou
faner¸noun thn anwterìthta tou TwigStackList ènanti tou TwigStack. Lìgw periorismènou
q¸rou, anafèrontai mìno ta jewr mata, qwrÐc na mpoÔme se leptomèreiec twn apodeÐxewn.

Je¸rhma 3.8. Dojèntwn miac er¸thshc me prìtupo dendrik c morf c q kai miac XML
b�shc dedomènwn D, o algìrijmoc TwigStackList orj� epistrèfei ìlec tic apant seic gia to
q p�nw sth D. 2

Je¸rhma 3.9. JewroÔme mÐa er¸thsh dendrikoÔ protÔpou me m kìmbouc, ìpou up�rqoun
mìno sqèseic progìnou-apogìnou k�tw apì diakladizìmenouc kìmbouc, kai mÐa XML b�sh
dedomènwn D. O algìrijmoc TwigStackList èqei qeirìterh poluplokìthta eisìdou/exìdou
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grammik  wc proc to �jroisma twn megej¸n twn m list¸n eisìdou kai thc lÐstac exìdou.
2

AfoÔ ìmwc to mègejoc opoiasd pote stoÐbac kai lÐstac tou TwigStackList eÐnai an�logh
tou mègistou m kouc enìc monopatioÔ apì th rÐza proc fÔllo tou XML dèndrou, èqoume to
parak�tw apotèlesma sqetik� me th qwrik  poluplokìthta tou TwigStackList.

Je¸rhma 3.10. JewroÔme mÐa er¸thsh dendrikoÔ protÔpou me m kìmbouc, ìpou up�rqoun
mìno sqèseic progìnou-apogìnou k�tw apì diakladizìmenouc kìmbouc, kai mÐa XML b�sh
dedomènwn D. O algìrijmoc TwigStackList èqei qeirìterh poluplokìthta eisìdou/exìdou
pou eÐnai an�logh m forèc to mègisto m koc enìc monopatioÔ apì th rÐza proc fÔllo sth
D. 2

Ed¸ telei¸nei h parousÐash tou TwigStackList. Shmei¸noume ìti oi suggrafeÐc sto [9]
prosfèroun kai peiramatik  epal jeush twn parap�nw jewrhtik¸n apotelesm�twn.

3.6 OlistikoÐ dendrikoÐ sÔndesmoi se deiktodothmèna
XML èggrafa

An kai o algìrijmoc TwigStack apodeÐqjhke pwc eÐnai CPU kai I/O bèltistoc se ìrouc
twn megej¸n eisìdou kai exìdou gia erwt seic dendrikoÔ protÔpou pou perièqoun mìno
domikèc sqèseic progìnou-apogìnou kai ìqi gonèa-paidioÔ, to endeqìmeno ìfeloc apì thn
prospèrash stoiqeÐwn pou de suneisfèroun se mÐa telik  lÔsh qrhsimopoi¸ntac euret ria
den eÐqe exereunhjeÐ pl rwc sta plaÐsia thc ergasÐac aut c. Par� taÔta, to ìfeloc apì
thn prospèrash stoiqeÐwn dÐqwc taÐriasma mporeÐ na eÐnai ter�stio ìtan oi lÐstec eisìdou
eÐnai meg�lec kai mìno el�qista stoiqeÐa emfanÐzontai sthn èxodo.

'Eqontac wc shmeÐo ekkÐnhshc aut n th diapÐstwsh o Jiang kai �lloi proteÐnoun sthn
ergasÐa [6] èna nèo genikì algìrijmo, ton TSGeneric+, o opoÐoc k�nontac qr sh diajèsimwn
eurethrÐwn p�nw sta stoiqeÐa tou XML eggr�fou sumb�llei ston pio apodotikì upologis-
mì thc telik c lÔshc. O algìrijmoc autìc sthn ousÐa epekteÐnei ton genikì algìrijmo
dendrikoÔ sundèsmou TSGeneric, ìpwc ja perigreafeÐ sth sunèqeia.

3.6.1 O genikìc algìrijmoc dendrikoÔ sundèsmou

Oi ènnoiec pou qrhsimopoi jhkan ston algìrijmo TwigStack suneqÐzoun na èqoun isqÔ
kai ed¸. 'Etsi, ja jewr soume ìti oi algìrijmoi sundèsmou k�noun qr sh dÔo tÔpwn dom¸n
dedomènwn: dromèwn kai stoib¸n. DojeÐshc mÐac dendrik c er¸thshc T , sqetÐzoume èna
dromèa Cq kai mÐa stoÐba Sq se k�je kìmbo q ∈ T .

K�je dromèac Cq deÐqnei se k�poio stoiqeÐo sthn antÐstoiqh ro  dedomènwn tou kìmbou
q. Epomènwc, oi ìroi ”Cq”   ”stoiqeÐo Cq” ja anafèrontai sto stoiqeÐo sto opoÐo o dromèac
deÐqnei. O dromèac mporeÐ na metakinhjeÐ sto epìmeno stoiqeÐo (an up�rqei) tou stoiqeÐou
Cq. H sun�rthsh Cq→advance() prokaleÐ aut  th sumperifor�. OmoÐwc, mporoÔme na
prospel�soume tic timèc twn idiot twn thc kwdikopoÐhshc jèshc tou stoiqeÐou Cq mèsw twn
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Algorithm TSGeneric(root)

1: while ¬end(root) do

2: q = getNext(root)

3: if ¬isRoot(q) then

4: cleanStack(Sparent(q), Cq)

5: if isRoot(q) ∨ ¬empty(Sparent(q)) then

6: cleanStack(Sq, Cq)

7: if ¬isLeaf(q) then

8: push(Sq, Cq, top(Sparent(q))

9: outputPathSolutionsWithBlocking(Cq)

10: Cq→advance()

11: mergeAllPathSolutions()

Procedure cleanStack(Sp, Cp)

1: pop all elements from Sq that are not ancestors of Cp

Procedure getStart(n)

1: return the start attribute of getElement(n)

Procedure end(q)

1: return ∀qi ∈ ssubtreeNodes(q): isLeaf(qi) ⇒ end(Cqi)

Sq ma 3.25: Algìrijmoc TSGeneric.

Cq→start, Cq→end kai Cq→level. Arqik�, ìloi oi dromeÐc deÐqnoun sto pr¸to stoiqeÐo
thc antÐstoiqhc ro c dedomènwn.

Arqik�, oi stoÐbec eÐnai �deiec. Kat� th di�rkeia thc ektèleshc, k�je stoÐba Sq mpo-
reÐ na apojhkeÔsei merik� stoiqeÐa prin to dromèa Cq kai aut� ta stoiqeÐa eÐnai austhr�
emfwleumèna apì ton pujmèna proc thn koruf  thc stoÐbac, dhlad  k�je stoiqeÐo eÐnai apì-
gonoc tou apì k�tw stoiqeÐou tou. EpÐshc sqetÐzoume me k�je stoiqeÐo e sth stoÐba Sq èna
deÐkth sto qamhlìtero apìgono thc stoÐbac Sparent(q). Me autìn ton trìpo mporoÔme na
prospel�soume apodotik� ìlouc touc apìgonouc tou e sth Sparent(q). Pr�gmati, ta apo-
jhkeumèna stoiqeÐa stic stoÐbec antiproswpeÔoun ta merik� apotelèsmata pou mporoÔn na
epektajoÔn se pl rh apotelèsmata kaj¸c o algìrijmoc proqwr�. Sth sunèqeia, orÐzoume
mÐa polÔ shmantik  ènnoia, pou eÐnai kleidÐ sthn katanìhsh tou TSGeneric algorÐjmou.

Orismìc 3.6. Lème ìti ènac kìmboc q èqei mia epèktash lÔshc an up�rqei mÐa lÔsh gia
thn upoer¸thsh me rÐza ton kìmbo q pou apoteleÐtai apokleistik� apì ta stoiqeÐa stouc
dromeÐc ìlwn twn kìmbwn thc upoer¸thshc. 2

O genikìc algìrijmoc TSGeneric

O algìrijmoc TSGeneric empnèetai kat� kÔrio lìgo apì ton TwigStack kai parousi�ze-
tai sto Sq ma 3.25. Shmei¸noume pwc, se analogÐa me ton TwigStack, kai o algìrijmoc
autìc qrhsimopoieÐ th sun�rthsh getNext, h opoÐa epistrèfei k�je for� ton epìmeno kìmbo
thc er¸thshc proc epexergasÐa. H sun�rthsh aut  apeikonÐzetai sto Sq ma 3.26.

H getNext(q) epistrèfei ènan kìmbo thc er¸thshc qx ètsi ¸ste na ikanopoioÔntai ta



84Kef�laio 3. Teqnikèc EpexergasÐac Erwt sewn XML me Prìtupa Monop�tia kai Dèntra

Algorithm getNext(q)

1: if (isLeaf(q) then

2: return q

3: for qi in children(q) do

4: ni = getNext(qi)

5: if (ni 6= qi) then

6: return ni

7: nmin = minargni(Cni→start)

8: nmax = maxargni(Cni→start)

9: while Cq→end < Cnmax→start do

10: Cq→advance()

11: if Cq→start < Cnmin→start then

12: return q

13: else

14: return nmin

Sq ma 3.26: Algìrijmoc getNext.

parak�tw trÐa krit ria: (1) o qx èqei mÐa epèktash lÔshc, (2) e�n o qx èqei adèrfia, tìte
Cqx→start < Cqj→start, ìpou qj ta adèrfia tou (profan¸c ìla ta adèrfia tou prèpei na
èqoun epèktash lÔshc, alli¸c ènac qamhlìteroc kìmboc sthn er¸thsh ja eÐqe epistrafeÐ apì
tic grammèc 5-6 tou algorÐjmou), kai (3) e�n qx 6= q, tìte Cqx→start < Cparent(qx)→start.

Kat� ta �lla, h leitourgÐa twn TSGeneric kai getNext eÐnai profan c met� thn an�lush
pou prohg jhke ston TwigStack kai gia autì to lìgo de ja thn epanal�boume ed¸. Ou-
siastik�, prìkeitai gia mÐa pio genik /genikeumènh morf  tou algorÐjmou autoÔ kai den
prosjètei k�ti parap�nw.

3.6.2 DiaproswpeÐa dromèa gia ton algìrijmo TSGeneric

Profan¸c to er¸thma pou paramènei eÐnai to kat� pìso mporoÔme, ekmetalleuìmenoi
domèc eurethrÐou, na epitaqÔnoume thn epexergasÐa twn erwt sewn. H lÔsh pou proteÐnoun
o Jiang kai oi upìloipoi sto [6] eÐnai h epèktash thc diaproswpeÐac tou dromèa ètsi ¸ste na
antanakl� tic nèec ikanìthtec prospèlashc stoiqeÐwn mèsw twn eurethrÐwn. Epiprìsjeta
sthn advance() orÐzoume dÔo akìmh mejìdouc:

• h Cq→fwdBeyond(Cp) prowjeÐ to dromèa Cq sto pr¸to stoiqeÐo e, ètsi ¸ste e.start

> Cp.start

• h Cq→fwdBToAncestorOf(Cp) prowjeÐ to dromèa Cq ston pr¸to prìgono tou Cp kai
epistrèfei TRUE. An den up�rqei kanèna tètoio stoiqeÐo, tìte stamat� sto pr¸to
stoiqeÐo e, ètsi ¸ste e.start > Cp.start, kai epistrèfei FALSE.

H ulopoÐhsh twn nèwn aut¸n mejìdwn mporeÐ na gÐnei mèsw qr shc eurethrÐwn p�nw sta
stoiqeÐa tou XML eggr�fou pou antistoiqoÔn stouc di�forouc kìmbouc thc er¸thshc. Gia
par�deigma, o Jiang kai h om�da tou proteÐnoun mÐa ulopoÐhsh pou basÐzetai sta XR-dèntra
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Algorithm getNextCursor(q)

1: if (isLeaf(q) then

2: return q

3: for qi in children(q) do

4: ni = getNext(qi)

5: if (ni 6= qi) then

6: return ni

7: nmin = minargni(Cni→start)

8: nmax = maxargni(Cni→start)

9: if Cq→fwdToAncestorOf(Cnmax) == TRUE then

10: if Cq is an ancestor of Cnmin then

11: return q

12: else

13: return nmin

Sq ma 3.27: Algìrijmoc getNextCursor.

pou anaptÔqjhkan sthn enìthta 3.1.2. H ulopoÐhsh aut  den anafèretai ed¸ gia lìgouc
oikonomÐac q¸rou.

Me tic epiprìsjetec autèc mejìdouc mporoÔme na p�roume mÐa beltiwmènh èkdosh tou al-
gìrijmou TSGeneric. Sthn pragmatikìthta, arkeÐ na all�xoume thn ulopoÐhsh thc getNext,
pou plèon ja onom�zetai getNextCursor (Sq ma 3.27). Oi grammèc 10-13 tou algorÐjmou
autoÔ ousiastik� antistoiqoÔn stic grammèc 10-16 tou getNext.

Telik�, h shmasÐa tou beltiwmènou TSGeneric algìrijmou ègkeitai afenìc sto ìti eÐnai
genikìc, afoÔ mporeÐ na antimetwpÐsei ìla ta sÔnola dedomènwn me euret ria, kai afetèrou
sto ìti eÐnai elastikìc, afoÔ mporeÐ na qrhsimopoihjeÐ me opoiod pote euret rio gia XML
dedomèna pou èqoun anaparastajeÐ me kwdikopoÐhsh jèshc.

3.6.3 O algìrijmoc TSGeneric+

An kai o algìrijmoc TSGeneric eÐnai ikanìc na apofÔgei thn prospèlash orismènwn
aqreÐastwn dedomènwn, mporoÔme na ekmetalleutoÔme akìma perissìtero to pleonèkthma
tou na apofeÔgoume thn prospèlash orismènwn stoiqeÐwn. Autì gÐnetai kurÐwc mèsw enìc
algìrijmou domikoÔ sundèsmou pou basÐzetai se dromeÐc, tou SJCursor. O algìrijmoc
autìc, o opoÐoc apotim�tai p�nw se mÐa akm  thc er¸thshc, brÐskei to pr¸to zeÔgoc stoiqeÐ-
wn me sqèsh progìnou-apogìnou arqÐzontac apì thn trèqousa jèsh twn dromèwn twn dÔo
kìmbwn pou sundèontai apì thn akm . O algìrijmoc autìc parousi�zetai sto Sq ma 3.28.
MÐa akm  (p, c) orÐzetai wc qalasmènh e�n ta stoiqeÐa Cp kai Cc den èqoun sqèsh progìnou-
apogìnou (sun�rthsh isBroken). O algìrijmoc autìc douleÔei wc ex c. An h akm  den eÐnai
qalasmènh   èqoume ft�sei sto tèloc twn stoib¸n, tìte telei¸nei ton upologismì. Alli¸c,
an h tim  Cp→start eÐnai mikrìterh thc Cc→start, kaloÔme thn Cp→fwdToAncestorOf(Cc)
¸ste na metakin soume to dromèa Cp sto pr¸to prìgono stoiqeÐo tou Cc (  pio pèra an
den up�rqei èna tètoio stoiqeÐo). Alli¸c, prowjoÔme to dromèa Cc sto pr¸to stoiqeÐo tou
opoÐou h start tim  eÐnai megalÔterh thc Cp→start, epeid  èna apìgono stoiqeÐo prèpei na
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Algorithm SJCursor(p, c)

1: while (not end(Cp)) and (not end(Cc)) and isBroken(p, c do

2: if Cp→start < Cc→start then

3: Cp→fwdToAncestorOf(Cc)

4: else

5: Cc→fwdBeyond(Cp)

Function isBroken(p, c)

1: return not (Cp→start < Cc→start and Cc→start < Cp→end)

Sq ma 3.28: Algìrijmoc SJCursor.

èqei megalÔterh start tim  apì ton prìgonì tou.
To parak�tw l mma jètei to plaÐsio mèsa sto opoÐo mporeÐ na qrhsimopoieÐtai o algìri-

jmoc SJCursor, ìpwc ja faneÐ kai parak�tw.

L mma 3.3. 'Estw ìti h sun�rthsh getNextCursor(root) epistrèfei ton kìmbo q. An h
stoÐba Sqa enìc opoioud pote progìnou kìmbou qa tou kìmbou q eÐnai �deia, tìte h trèqousa
epèktash lÔshc tou kìmbou q de suneisfèrei se upìloipec lÔseic kai to stoiqeÐo Cq mporeÐ
na paralhfjeÐ. 2

SÔmfwna me to parap�nw l mma, an h stoÐba k�poiou kìmbou q eÐnai �deia, tìte den èqei
nìhma h getNextCursor na epistrèyei èna kìmbo q′ pou eÐnai apìgonoc tou q sth dendrik 
er¸thsh. IsodÔnama, efìson diapist¸noume ìti h stoÐba enìc kìmbou q eÐnai �deia sthn
anadromik  kl sh thc getNextCursor, de qrei�zetai na xanakalèsoume th getNextCursor
gia ta paidi� tou q. ApenantÐac, prèpei na y�xoume gia mÐa epèktash lÔshc tou kìmbou
q. Basismènoi se aut n thn parat rhsh, o Jiang kai oi �lloi belti¸noun ton algìrijmo
getNextCursor enswmat¸nontac mÐa diadikasÐa gia eÔresh epèktashc lÔshc. O nèoc al-
gìrijmoc onom�zetai getNextExt kai parousi�zetai sto Sq ma 3.29. Oi grammèc 3-5 eÐnai o
neìc k¸dikac: an h stoÐba tou kìmbou q eÐnai �deia, kaleÐtai h diadikasÐa LocateExtension
(Sq ma 3.30), h opoÐa brÐskei thn pr¸th epèktash lÔshc tou kìmbou q, kai sth sunèqeia
apl� epistrèfetai o kìmboc q. KaloÔme ton algìrijmo TSGeneric wc TSGeneric+, an kaleÐ
th getNextExt(root), antÐ thc getNextCursor(root).

Se ì,ti afor� ton algìrijmo LocateExtension, k�je for� epilègei mÐa qalasmènh akm 
kai th diorj¸nei me th bo jeia tou algorÐjmou SJCursor, mèqric ìtou o kìmboc q apokt� mÐa
epèktash lÔshc   o dromèac sto upodèntro thc er¸thshc ft�nei sto tèloc. Shmei¸noume
ìti to epiplèon kìstoc gia ton èlegqo twn qalasmènwn akm¸n eÐnai el�qisto, afoÔ ìlec oi
leitourgÐec pragmatopoioÔntai sta stoiqeÐa twn dromèwn twn kìmbwn thc er¸thshc, ìpou to
CPU kìstoc eÐnai amelhtèo. Tèloc, to poia akm  ja epileqjeÐ gia èlegqo pragmatopoieÐtai
me th bo jeia euristik¸n sunart sewn, oi opoÐec prospajoÔn na dialèxoun thn akm  me tètoio
trìpo, ¸ste to taÐriasm� thc na odhg sei touc dromeÐc ìso pio makri� gÐnetai, apofeÔgontac
ètsi na prospel�soume to megalÔtero dunatì arijmì stoiqeÐwn.

Gia ton algìrijmo TSGeneric+ isqÔei to parak�tw shmantikì je¸rhma:

Je¸rhma 3.11. Dojèntwn miac er¸thshc me prìtupo dendrik c morf c q kai miac XML
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Algorithm getNextExt(q)

1: if (isLeaf(q) then

2: return q

3: if empty(Sq) then

4: LocateExtension(q)

5: return q

6: for qi in children(q) do

7: ni = getNext(qi)

8: if (ni 6= qi) then

9: return ni

10: nmin = minargni(Cni→start)

11: nmax = maxargni(Cni→start)

12: if Cq→fwdToAncestorOf(Cnmax) == TRUE then

13: if Cq is an ancestor of Cnmin then

14: return q

15: else

16: return nmin

Sq ma 3.29: Algìrijmoc getNextExt.

Algorithm LocateExtension(q)

1: while (not end(q)) and (not hasExtension(q)) do

2: (p, c) = PickBrokenEdge(q)

3: SJCursor (p, c)

Algorithm hasExtension(q)

1: for each edge (p, c) in the sub query tree q do

2: if isBroken(p, c) then

3: return FALSE

4: return TRUE

Sq ma 3.30: Algìrijmoc LocateExtension.

b�shc dedomènwn D, o algìrijmoc TSGeneric+ orj� epistrèfei ìlec tic apant seic gia to
q p�nw sth D. 2

EpÐshc, mporeÐ na apodeiqjeÐ ìti o TSGeneric+ me euret ria mèsw twn diaproswpei¸n
twn dromèwn eÐnai tìso apodotikìc ìso kai o TwigStack se ìrouc qeirìterhc CPU kai I/O
poluplokìthtac.

3.7 Apodotik  EpexergasÐa Dendrik¸n XML Erwt -
sewn me OR-kathgor mata

Oi algìrijmoi TwigStack kai TwigStackList pou anafèrame prohgoumènwc mporoÔn na
qrhsimopoihjoÔn gia to taÐriasma enìc dendrikoÔ protÔpou se mÐa XML b�sh dedomènwn,
ìtan ìlec oi akmèc twn adelf¸n kìmbwn sto gr�fo thc er¸thshc sundèontai mèsw AND
logik c. Se pollèc ìmwc pragmatikèc efarmogèc oi erwt seic pou tÐjentai apì touc qr -
stec tou sust matoc mporoÔn na perièqoun logikoÔc OR-telestèc. Genik�, ja jèlame mÐa
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XQuery èkfrash na perièqei logikoÔc−AND   −OR telestèc kat� mÐa di�taxh pou ex-
uphreteÐ thn ek�stote efarmog . KaloÔme tètoiec genikèc erwt seic dendrikoÔ protÔpou
AND/OR-dendrikèc erwt seic kai dhl¸noume erwt seic dÐqwc logikoÔc OR-telestèc wc
AND-dendrikèc erwt seic.

MÐa afel c mèjodoc gia ton upologismì mÐac tètoiac er¸thshc ja  tan h aposÔnjes 
thc se pollèc AND-dendrikèc erwt seic, h epexergasÐa k�je prokÔptousac AND-er¸thshc
me k�poia up�rqousa teqnik , kai tèloc o sunduasmìc ìlwn twn apotelesm�twn. Wstìso,
aut  h prosèggish èqei to anupèrblhto meionèkthma tou endeqìmenou diab�smatoc twn Ðdiwn
dedomènwn, katal gontac ètsi se uyhlì CPU kai kurÐwc I/O kìstoc. Pr�gmati, h diadikasÐa
thc aposÔnjeshc eÐnai an�logh tou metasqhmatismoÔ mÐac tuqaÐac logik c èkfrashc sth
diazeuktik  kanonik  morf  thc. Sth qeirìterh perÐptwsh, o arijmìc twn prokÔptontwn
AND-erwt sewn mporeÐ na eÐnai ekjetikìc wc proc to mègejoc thc arqik c er¸thshc kai,
an kai k�poia beltÐwsh eÐnai efikt , eÐnai anapìfeukto pwc orismèna dedomèna ja prèpei na
diabastoÔn pollaplèc forèc.

Empneusmènoi apì touc apodotikoÔc olistikoÔc algìrijmouc gia ton upologismì AND-
dendrik¸n erwt sewn, o Jiang kai �lloi proteÐnoun sto [5] me th seir� touc ènan olistikì
algìrijmo gia ton apodotikì upologismì AND/OR-dendrik¸n erwt sewn qwrÐc na qrhsi-
mopoieÐtai aposÔnjesh. StoiqeÐa thc ergasÐac touc melet¸ntai sthn paroÔsa enìthta.

3.7.1 OrologÐa-Anapar�stash Dèntrou gia AND/OR-Erwt seic

AnaparistoÔme mÐa AND/OR-dendrik  er¸thsh me treic tÔpouc kìmbwn: kìmbouc b -
matoc jèshc (QNode), logikoÔc−AND kìmbouc (ANode), kai logikoÔc−OR kìmbouc (ONode):

• QNode: 'Enac kìmboc b matoc jèshc antiproswpeÔei mÐa sqèsh progìnou-apogìnou  
gonèa-paidioÔ (enallaktik�: èna b ma jèshc) sthn arqik  mac er¸thsh. 'Enac tètoioc
kìmboc loipìn ja èqei to perieqìmeno /tag   //tag.

• ANode: 'Enac logikìc−AND kìmboc p�nta paÐrnei to keÐmeno ′′and′′ sto dendrikì
prìtupo thc er¸thshc. Sundèei dÔo   perissìtera upodèntra-paidi� me AND logik .

• ONode: 'Enac logikìc−OR kìmboc p�nta paÐrnei to keÐmeno ′′or′′ sto dendrikì prì-
tupo thc er¸thshc. Sundèei dÔo   perissìtera upodèntra-paidi� me OR logik .

MÐa tètoia er¸thsh mporeÐ na perièqei kai pleon�zontac kìmbouc. Sugkekrimèna, orÐ-
zoume dÔo kanìnec aplopoÐhshc idiaÐterhc spoudaiìthtac (an kai up�rqoun kai �lloi kanìnec
aplopoÐhshc erwt sewn):

• An ènac ANode   ènac ONode n èqei ènan kìmbo paidÐ ni tou Ðdiou tÔpou, tìte
mporoÔme na afairèsoume ton kìmbo ni kai na sundèsoume tou kìmbouc paidi� tou
ni apeujeÐac ston kìmbo n.

• An ènac QNode n èqei èna ANode paidÐ ni, tìte mporoÔme na afairèsoume ton kìmbo
ni kai na sundèsoume tou kìmbouc paidi� tou ni apeujeÐac ston kìmbo n.
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Tèloc, ektìc apì tic sunart seic children(n) kai parent(n) pou suzht same stouc pro-
hgoÔmenouc algìrijmouc, eis�gontai kai oi sunart seic Qchildren(n) kai Qparent(n). H
pr¸th epistrèfei to sÔnolo ìlwn twn kìmbwn tÔpou QNode sto upodèntro n, pou eÐnai
prospel�simoi apì ton kìmbo n qwrÐc na diasqÐsoume �llouc QNode kìmbouc, en¸ h deÔterh
ton kontinìtero QNode prìgono tou n.

3.7.2 Tairi�smata se AND/OR-Erwt seic

Sta epìmena jewroÔme ìti k�je QNode kìmboc qi sqetÐzetai me èna stoiqeÐo ei me thn
Ðdia s mansh. OrÐzoume:

Orismìc 3.7 (edgeTest(q)   edgeTest(e′, e)). 'Estw q ènac QNode se mÐa AND/OR-
er¸thsh kai q′ o kìmboc Qparent(q). H logik  sun�rthsh edgeTest(q)   edgeTest(e′, e)
apotim�tai se alhj c an kai mìno an to stoiqeÐo e′ eÐnai prìgonoc (antÐstoiqa, gonèac) tou
stoiqeÐou e, an o kìmboc q eÐnai ènac QNode progìnou-apogìnou (antÐstoiqa, gonèa-paidioÔ).
2

Prin proqwr soume ston orismì tou tairi�smatoc gia mÐa AND/OR-dendrik  er¸thsh,
orÐzoume mÐa eidik  dom , to OR-kathgìrhma:

Orismìc 3.8 (OR-kathgìrhma). DojeÐshc mÐac dendrik c er¸thshc Q, èna OR-
kathgìrhma eÐnai èna upodèntro sto Q tètoio ¸ste h rÐza tou upodèntrou na eÐnai ènac
ONode kìmboc kai o kìmboc parent(n) na eÐnai QNode. 2

Me b�sh to OR-kathgìrhma mporoÔme t¸ra na proqwr soume ston orismì tou tairi�s-
matoc gia mÐa AND/OR-dendrik  er¸thsh:

Orismìc 3.9 (TaÐriasma gia AND/OR-dendrik  er¸thsh). 'Estw Q mÐa den-
drik  er¸thsh me N kìmbouc n1, n2, ..., nN , ìpou o n1 eÐnai h QNode rÐza. Lème ìti to
stoiqeÐo e1 èqei èna taÐriasma gia to dèntro n1 an ta parak�tw isqÔoun gia k�je paidÐ-
upodèntro nki

tou n1: an o nki
eÐnai ONode kìmboc, tìte to e1 ikanopoieÐ to OR-kathgìrhma

nki , alli¸c (dhlad  o nki eÐnai QNode) h sun�rthsh edgeTest(nki) eÐnai alhj c kai to stoi-
qeÐo eki

èqei èna taÐriasma gia to upodèntro nki
, an o kìmboc nki

den eÐnai kìmboc fÔllo.
2

H prìklhsh sthn apotÐmhsh enìc OR-kathgor matoc sunÐstatai sto ìti de qrei�zetai
ìlec oi sunist¸sec enìc OR-kathgor matoc na eÐnai alhjeÐc, prokeimènou to kathgìrhma
na eÐnai alhjèc. Gia na apotim soume loipìn èna tètoio kathgìrhma, prèpei na jewr soume
kat�llhlo logikì sunduasmì twn edgeTest(qi) tim¸n gia ìlouc touc QNode kìmbouc qi

sto OR-kathgìrhma. Sthn kateÔjunsh thc apotÐmhshc enìc OR-kathgor matoc bohj� o
epìmenoc orismìc:

Orismìc 3.10 (OR-mplok). DojeÐshc mÐac dendrik c er¸thshc Q, èna OR-mplok eÐnai
èna upodèntro t embaptismèno sto Q ètsi ¸ste h rÐza tou t na eÐnai ènac QNode kìmboc n,
o kìmboc parent(n) na eÐnai ènac QNode kìmboc kai oi kìmboi fÔlla tou t eÐnai to sÔnolo
Qchildren(n). 2
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Shmei¸noume ìti se antÐjesh me ta OR-kathgor mata, ta OR-mplok se mÐa dendrik 
er¸thsh eÐnai xèna metaxÔ touc. An jewr soume èna OR-mplok wc èna sÔnjeto kìmbo thc
dendrik c er¸thshc, mÐa AND/OR-dendrik  er¸thsh mporeÐ na anaparastajeÐ wc èna dèntro
me mìno QNode kìmbouc kai OR-mplok. Gia par�deigma, h er¸thsh tou Sq matoc 3.31
mporeÐ na anaparastajeÐ isodÔnama ìpwc sto Sq ma 3.32. K�je OR-mplok sto Sq ma 3.32
apoteleÐtai apì dÔo mèrh. To k�tw mèroc parajètei ìlouc touc QNode kìmbouc pou an koun
sto OR-mplok, en¸ to �nw mèroc eÐnai mÐa èkfrash P pou deÐqnei to logikì sunduasmì twn
QNode kìmbwn sto OR-mplok.

Sq ma 3.31: Par�deigma mÐac AND/OR-dendrik c er¸thshc.

Sq ma 3.32: Anapar�stash thc er¸thshc tou Sq matoc 3.31 qrhsimopoi¸ntac QNode kìm-
bouc kai OR-mplokc.

Me b�sh to OR-mplok mporoÔme plèon na d¸soume ton orismì thc apotÐmhshc enìc
OR-kathgor matoc:

Orismìc 3.11 (ApotÐmhsh OR-kathgor matoc). 'Estw pwc o ONode kìmboc n
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Algorithm ORBlockMax(n)

1: if n is a QNode then

2: return n

3: else

4: for each ni in children(n) do

5: qi = ORBlockMax(ni)

6: if n is an ANode then

7: return argmaxqiei.start, for qi initialized at line 5

8: else

9: return argminqiei.start, for qi initialized at line 5

Sq ma 3.33: Algìrijmoc ORBlockMax.

eÐnai h rÐza enìc OR-kathgor matoc pou sundèetai ston QNode kìmbo q, tou opoÐou to
sqetizìmeno stoiqeÐo eÐnai to e. Lème ìti to stoiqeÐo e ikanopoieÐ to OR-kathgìrhma n

an to P (n) eÐnai alhjèc antikajist¸ntac k�je QNode kìmbo ni sto P (n) me mÐa logik 
sun�rthsh wc ex c: an o ni eÐnai kìmboc fÔllo, antikajistoÔme to ni me to edgeTest(ni),
alli¸c antikajistoÔme to ni me th logik  tim  (edgeTest(ni) ∧ to ei èqei èna taÐriasma gia
to upodèntro ni). 2

3.7.3 O logikìc−mègistoc QNode kìmboc se èna OR-mplok

JewroÔme ènan QNode kìmbo q se mÐa dendrik  er¸thsh kai èna OR-mplok n sundedemèno
ston kìmbo q. 'Estw ìti to OR-mplok n perièqei k QNode kìmbouc q1, ..., qk kai èstw pwc
an�mesa se autoÔc touc k kìmbouc, to stoiqeÐo emin tou kìmbou qmin èqei th mikrìterh
start tim  thc kwdikopoÐhshc jèshc. Mac endiafèrei na broÔme th megalÔterh dunat  tim 
katwflÐou u (≥ emin.start) ètsi ¸ste an e.end < u tìte o u den mporeÐ na ikanopoi sei to
OR-mplok ìso ki an proqwr soun oi dromeÐc stic roèc stoiqeÐwn pou antistoiqoÔn stouc
kìmbouc thc er¸thshc. H kÔria efarmog  thc eÔreshc mÐac tètoiac tim c katwflÐou eÐnai ìti
mac epitrèpei na paraleÐyoume di�fora stoiqeÐa apì tic roèc twn kìmbwn Tq ston algìrijmo
pou ja parousiasteÐ sth sunèqeia. MporeÐ na deiqjeÐ ìti o algìrijmoc ORBlockMax pou
parousi�zetai sto Sq ma 3.33 epistrèfei ènan QNode kìmbo qmax sto OR-mplok n ètsi
¸ste to emax.start na eÐnai h epijumht  tim  katwflÐou u.

H ex ghsh pÐsw apì ton algìrijmo autì eÐnai pwc gia QNode kìmbouc pou sundèontai
me AND logik , dialègoume ton QNode kìmbo me th mègisth start tim , en¸ gia QNode
kìmbouc pou sundèontai me OR logik , dialègoume ton QNode kìmbo me th mikrìterh start

tim .

3.7.4 Algìrijmoc GTwigMerge

Se aut n thn enìthta parousi�zetai o algìrijmoc GTwigMerge, gia na brÐskoume ìla
ta tairi�smata mÐac AND/OR-dendrik c er¸thshc p�nw se èna XML èggrafo. Prèpei na
shmei¸soume ìti o algìrijmoc autìc moir�zetai pollèc omoiìthtec me ton TSGeneric (Sq ma
3.25 thc enìthtac 3.6.1, k�nei ìmwc shmantikèc epekt�seic gia na mporeÐ na qeiristeÐ kai
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Algorithm KÔrioc algìrijmoc tou QTwigMerge

1: while ¬end(root) do

2: q = GetQNode(root)

3: if ¬isRoot(q) then

4: cleanStack(SQparent(q), Cq)

5: cleanStack(Sq, Cq)

6: if isRoot(q) ∧ ¬empty(SQparent(q)) then

7: if ¬isLeaf(q) then

8: push(Sq, Cq, isRoot?-1 : top(SQparent(q))

9: if q is inside OR-predicate(s) then

10: Reevaluate OR-predicates

11: else if q has no QNode children then

12: outputPathSolutions(Cq)

13: Cq→advance()

14: mergePathSolutions()

Sq ma 3.34: Algìrijmoc GTwigMerge.

AND/OR-erwt seic.

QTwigMerge

O kÔrioc algìrijmoc gia ton GtwigMerge parousi�zetai sto Sq ma 3.34 kai h diadikasÐa
GetQNode sto Sq ma 3.35.

Se ì,ti afor� th diadikasÐa QetQNode, h diadikasÐa aut  epistrèfei ènan QNode kìmbo
qx me treic shmantikèc idiìthtec: (1) o qx èqei mÐa èktash (hasExtension) kai Cqx→start

< Cqi→start, qi ∈ Qchildren(qx), (2) e�n qx 6= q, tìte Cqx→start < Cqj→start, qj ∈
Qsibling(qx), kai (3) e�n qx 6= q, tìte Cqx→start < CQparent(qx)→start. Autèc oi treic
idìthtec eggu¸ntai thn orjìthta tou kÔriou algìrijmou kat� thn epexergasÐa tou Cqx .
Shmei¸noume epÐshc ìti o kìmboc qmax brÐsketai mèsw thc sun�rthshc getMaxQChild, h
opoÐa lamb�nei mèrimna kai gia touc OR kìmbouc kai basÐzetai sthn an�lush tou logikoÔ-
mègistou QNode kìmbou.

Se ì,ti afor� ton kurÐwc algìrijmo tou QTwigStack, o k¸dikac stic grammèc 9-12
eÐnai kainoÔrioc kai apoteleÐ to mìno shmeÐo sto opoÐo o par¸n algìrijmoc diafèrei apì
ton TSGeneric, epeid  t¸ra qrei�zetai na epanaprosdiorÐsoume thn ènnoia tou dendrikoÔ
stigmiìtupou exìdou. Pr�gmati, stouc prohgoÔmenouc algìrijmouc pou exetlasame, èna
stigmiìtupo exìdou periel�mbane stoiqeÐa apì ìlouc touc QNode kìmbouc sthn er¸thsh. H
uiojèthsh aut c thc prosèggishc gÐnetai ìmwc problhmatik  sthn perÐptwsh twn AND/OR-
dendrik¸n erwt sewn, afoÔ se èna taÐriasma sthn er¸thsh mporeÐ na suneisfèroun mìno
merikoÐ QNode kìmboi thc er¸thshc. 'Etsi uiojetoÔme thn ex c prosèggish: k�je dendrikì
stigmiìtupo exìdou gia mÐa AND/OR-dendrik  er¸thsh perilamb�nei stoiqeÐa apì touc QN-
ode kìmbouc pou den eÐnai mèsa se opoiod pote OR-kathgìrhma kai ta OR-kathgor mata
apl� droun wc fÐltra. Oi QNode kìmboi pou summetèqoun sthn èxodo kaloÔntai kìmboi
exìdou.

'Etsi, an o q eÐnai ènac kìmboc−fÔllo exìdou, ìlec oi (merikèc) lÔseic monopatioÔ gia to
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Algorithm GetQNode(q)

1: if (isLeaf(q) then

2: return q

3: for qi in Qchildren(q) do

4: q′ = getNext(qi)

5: if (q′ 6= qi) then

6: return q′

7: qmax = getMaxQChild(q)

8: while Cq→end < Cqmax→start do

9: Cq→advance()

10: qmin = argminqi(Cqi→start), qi in Qchildren(q)

11: if hasExtension(q) and Cq→start < Cqmin→start then

12: return q

13: else

14: return qmin

Function getMaxQChild(q)

1: for each ni in children(q) do

2: if ni is a QNode then

3: qi = ni

4: else

5: qi = ORBlockMax(ni)

6: return argmaxqi(Cqi→start), for qi initialized at lines 3, 5

Function hasExtension(q)

1: epistrèfei true an to stoiqeÐo sto Cq èqei taÐriasma jewr¸ntac ìlouc touc QNode kìmbouc wc kìmbouc
progìnou-apogìnou, alli¸c epistrèfei false.

Sq ma 3.35: Algìrijmoc GetQNode.

stoiqeÐo Cq ex�gontai (gramm  12). 'Enac QNode kìmboc eÐnai kìmboc−fÔllo exìdou an eÐnai
kìmboc exìdou kai den èqei QNode paidi�. Shmei¸noume akìma dÔo basikèc leptomèreiec pou
eÐnai gnwstèc apì touc prohgoÔmenouc algìrijmouc. Pr¸ton, an up�rqoun QNode kìmboi
gonèa-paidioÔ se mÐa merik  lÔsh monopatioÔ, tìte prèpei na aporrÐyoume aut  th lÔsh an oi
antÐstoiqec akmèc de sèbontai th domik  sqèsh gonèa-paidioÔ. DeÔteron, oi merikèc lÔseic
monopatioÔ prèpei na eÐnai taxinomhmènec apì th rÐza proc ta fÔlla, ètsi ¸ste h sugq¸neush
na mporèsei na gÐnei apodotik�. Kai p�li qrhsimopoieÐtai h teqnik  tou mplokarÐsmatoc twn
apotelesm�twn (3.3.3).

OR-kathgor mata me QNode kìmbouc gonèa-paidioÔ

Upojètoume ìti h sun�rthsh QetQNode epistrèfei ènan QNode kìmbo me k OR-kathgor mata
n1, ..., nk. An k�poio upodèntro nx perièqei QNode kìmbouc gonèa-paidioÔ, tìte eÐnai
dunatìn to stoiqeÐo Cq na mhn ikanopoieÐ to OR-kathgìrhma nx. EÐnai m�lista dunatìn
to sugkekrimèno stoiqeÐo Cq na mhn ikanopoieÐ to nx kajìlou. Autì dhmiourgeÐ èna ende-
qìmeno prìblhma an o kìmboc q eÐnai ènac kìmboc exìdou, epeid  to Cq mporeÐ na summetèqei
se (merikèc) lÔseic monopatioÔ.
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AntimetwpÐzoume to prìblhma autì wc ex c: gia k�je stoiqeÐo ei se mÐa stoÐba, ìla ta
pijan� extensions sta opoÐa to ei summetèqei prèpei na èqoun epistrafeÐ apì ton GetQN-
ode(root) kai na èqoun exetasteÐ apì ton kÔrio algìrijmo GTwigMerge, prin to stoiqeÐo ei

exaqjeÐ apì th lÐsta. Basismènoi se aut n thn parat rhsh, gia k�je kìmbo exìdou qj me
OR-kathgor mata, mporoÔme na suneqÐzoume na apotimoÔme ta OR-kathgor mata gia k�je
stoiqeÐo ei sth stoÐba Sqj kai na xèroume an to ei ikanopoieÐ ìla ta OR-kathgor mata, ìtan
to stoiqeÐo autì ex�getai apì th stoÐba.

QwrÐc na mpoÔme se epiplèon leptomèreiec, eÐnai dunatìn me qr sh pin�kwn katakerma-
tismoÔ na ulopoi soume thn parap�nw teqnik . Oi pÐnakec autoÐ dhmiourgoÔntai k�je for�
pou eis�getai èna stoiqeÐo se mÐa stoÐba, efìson prìkeitai eÐte gia QNode kìmbo mèsa se
èna OR-kathgìrhma   gia ènan kìmbo exìdou me OR-kathgor mata (gramm  8 tou GTwig-
Merge), en¸ h sunt rhs  touc pragmatopoieÐtai sth gramm  10 tou Ðdiou algorÐjmou.

KleÐnoume thn enìthta 3.5.2 me to parak�tw basikì je¸rhma:

Je¸rhma 3.12. Dojèntwn miac AND/OR-dendrik c er¸thshc q kai miac XML b�shc
dedomènwn D, o algìrijmoc GTwigMerge orj� epistrèfei ìla ta dendrik� stigmiìtupa exìdou
gia to q p�nw sth D. 2

Tèloc, an h er¸thsh q perièqei QNode kìmbouc pou eÐnai mìno progìnou-apogìnou, tìte
apodeiknÔetai ìti o QTwigMerge èqei qeirìterh I/O poluplokìthta an�logh tou |input|
+ |output| kai qeirìterh CPU poluplokìthta an�logh tou |Q| * |input| + |output|, ìpou
|Q| eÐnai to mègejoc thc er¸thshc, |input| to sunolikì mègejoc twn list¸n twn stoiqeÐwn
eisìdou, kai |output| to mègejoc thc exìdou. To kìstoc autì den isqÔei sthn perÐptwsh
pou up�rqoun kai QNode kìmboi gonèa-paidioÔ.

3.8 Bèltisth kÐnhsh dromèa se olistikoÔc dendrikoÔc
sundèsmouc

Apì tic enìthtec pou prohg jhkan kai kurÐwc apì thn enìthta 3.6 èqei katasteÐ em-
fanèc ìti epeid  k�je kÐnhsh tou dromèa se mÐa lÐsta anestrammènou eurethrÐou mporeÐ
na prokalèsei eÐsodo/èxodo, h apìdosh tou olistikoÔ dendrikoÔ sundèsmou kajorÐzetai en
polloÐc apì ton arijmì twn metakin sewn twn dromèwn. Par� thn parat rhsh aut , oi
prohgoÔmenoi algìrijmoi pou exet�sthkan den èqoun beltistopoihjeÐ wc proc autì to qa-
rakthristikì. 'Eqei up�rxei perissìtero endiafèron gia thn elaqistopoÐhsh twn apait sewn
mn mhc twn endi�meswn apotelesm�twn par� sthn elaqistopoÐhsh twn arijmoÔ twn kin sewn
twn dromèwn. 'Etsi, autoÐ oi algìrijmoi parousi�zoun to prìblhma ìti k�noun mÐa topik 
kai �ra upobèltisth epilog  gia to poio dromèa ja metakin soun k�je for� kai to eÔroc thc
metakÐnhshc aut c.

Autì to prìblhma antimetwpÐzetai epituq¸c sthn ergasÐa [4] tou Fontoura kai �llwn.
Sthn ergasÐa touc, perigr�fetai ènac nèoc olistikìc algìrijmoc dendrikoÔ sundèsmou me
bèltisth metakÐnhsh dromèa, o algìrijmoc TwigOptimal, o opoÐoc se antÐjesh me touc pro-
hghjèntec algìrijmouc koit�zei pio sfairik� thn kat�stash thc er¸thshc gia na kajorÐsei
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poio dromèa na metakin sei sth sunèqeia. To upìloipo mèroc thc enìthtac aut c anafèretai
sta shmantikìtera apotelèsmat� thc ergasÐac aut c.

3.8.1 O algìrijmoc TwigOptimal

Domèc Dedomènwn

'Opwc kai stouc upìloipouc olistikoÔc algìrijmouc sundèsmou, h kat�stash tou TwigOp-
timal se k�je qronik  stigm  eÐnai mÐa triplèta < Q,C, S >, ìpou Q eÐnai h proc apotÐmhsh
dendrik  er¸thsh, C eÐnai to sÔnolo twn dromèwn me touc opoÐouc prospel�zoume ta de-
domèna twn anestrammènwn eurethrÐwn, kai S eÐnai to sÔnolo twn stoib¸n gia thn kataskeu 
twn lÔsewn. Oi kìmboi dedomènwn pou eÐnai mèroc miac lÔshc topojetoÔntai stic stoÐbec S

kai emfanÐzontai sthn èxodo ìtan brÐsketai mÐa pl rhc lÔsh.

'Enac dromèac Cq kai mÐa stoÐba Sq sqetÐzontai me k�je kìmbo thc er¸thshc q. O Cq

deÐqnei sto trèqon stoiqeÐo tou kìmbou q, en¸ h stoÐba Sq qrhsimopoieÐtai gia na jumìmaste
ta stoiqeÐa tou q pou eÐnai mèroc mÐac lÔshc. K�je eÐsodoc sth stoÐba èqei epÐshc kai èna
deÐkth se mÐa �llh eÐsodo mÐac stoÐbac prìgonou kìmbou.

H jèsh enìc dromèa Cq prospel�zetai mèsw twn tim¸n Cq.start, Cq.end kai Cq.level,
kai omoÐwc gia to stoiqeÐo thc stoÐbac Sq. Oi domikoÐ periorismoÐ progìnou-apogìnou  
gonèa-paidioÔ elègqontai exet�zontac thc timèc autèc. Lème ìti ènac dromèac Cp perikleÐei
ènan �llo dromèa Cq an kai mìno an Cp.start ≤ Cq.start kai Cp.end ≥ Cq.end. OmoÐwc,
lème ìti mÐa stoÐba Sp perikleÐei to dromèa Cq an up�rqei mÐa eÐsodoc sth stoÐba Sp pou
perikleÐei ton Cq.

Gia k�je dromèa Cq, h mèjodoc Cq.forwardTo(pos) metakineÐ ton Cq apì thn trèqousa
jèsh tou sthn pr¸th jèsh pou eÐnai megalÔterh   Ðsh thc jèshc pos. Autì mporeÐ na
prokalèsei leitourgÐec eisìdou/exìdou kaj¸c o Cq y�qnei gia th jèsh pos. Gia na beltistopoi -
sei tic metakin seic twn dromèwn, o TwigOptimal qrhsimopoieÐ epÐshc eikonikoÔc dromeÐc,
oi opoÐoi se antÐjesh me touc fusikoÔc dromeÐc den prokaloÔn leitourgÐec eisìdou/exìdou.
ApenantÐac, mÐa eikonik  metakÐnhsh tou Cq apl� jètei thn tim  Cq.start qwrÐc na metakineÐ
fusik� to dromèa Cq. Autì ja gÐnei katanohtì se lÐgo. H idiìthta Cq.virtual tÐjetai
se TRUE k�je for� pou o Cq metakineÐtai eikonik� kai epanatÐjetai se FALSE ìtan o
Cq metakineÐtai fusik�. Se antÐjesh me touc mh diakladizìmenouc kìmbouc, k�je diak-
ladizìmenoc kìmboc sthn er¸thsh Q de sqetÐzetai me mÐa lÐsta anestrammènou eurethrÐou
kat� ta gnwst�. Wstìso, k�je diakladizìmenoc kìmboc èqei èna dromèa, pou qrhsimopoieÐtai
gia na per�sei th jèsh tou dromèa tou gonèa tou   twn paidi¸n tou, ìtan o TwigOptimal
apofasÐzei gia ton poio dromèa na metakin sei. Sunep¸c, o dromèac enìc diakladizìmenou
kìmbou eÐnai p�nta eikonikìc. Diathr¸ntac èna dromèa gia k�je diakladizìmeno kìmbo, o
algìrijmoc de qrei�zetai na xeqwrÐzei metaxÔ tou tÔpou twn kìmbwn, pr�gma pou me th seir�
tou aplopoieÐ ton algìrijmo.
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ExecuteQuery()

1: arqikopoÐhse ìlouc touc dromeÐc kai tic stoÐbec
2: while not done do

3: q = o kìmboc sto Q pou sqetÐzetai me ton el�qisto dromèa
4: while Extension(q == FALSE do

5: MoveCursors(q)

6: q = o kìmboc sto Q pou sqetÐzetai me ton el�qisto dromèa
7: OutputAndPush(q)

8: Cq.forwardTo(Cq.start + 1)

Sq ma 3.36: O kÔrioc brìqoc.

O kÔrioc brìqoc

H ExecuteQuery(), h opoÐa parousi�zetai sto Sq ma 3.36, apoteleÐ to shmeÐo eisìdou
kai to kÔrio brìqo tou TwigOptimal. ArqikopoieÐ k�je dromèa sto pr¸to stoiqeÐo thc
antÐstoiqhc lÐstac anestrammènou eurethrÐou (gramm  1), kai sth sunèqeia y�qnei epaneilh-
mmèna gia ton (mh diakladizìmeno) kìmbo thc er¸thshc pou èqei ton el�qisto dromèa (gramm 
3), dhlad  to dromèa me th mikrìterh tim  start, mèqric ìtou na brei kai na emfanÐsei ìlec
tc lÔseic.

Gia na brei kai na emfanÐsei tic lÔseic, o dromeÐc metakinoÔntai mèqric ìtou na brejeÐ mÐa
epèktash lÔshc (Orismìc 3.6) gia ton kìmbo q (grammèc 4-7). 'Otan brejeÐ mÐa epèktash
lÔshc, oi jèseic twn dromèwn sto upodèntro me rÐza ton kìmbo q eÐnai egguhmèno pwc ja
eÐnai mèroc thc lÔshc. Epiprìsjeta, oi stoÐbec twn progìnwn tou q perièqoun th jèsh twn
stoiqeÐwn pou, ìtan sunduastoÔn me thn epèktash lÔshc gia ton kìmbo q, sqhmatÐzoun thn
pl rh lÔsh.

Afìtou brejeÐ mÐa epèktash lÔshc, h diadikasÐa OutputAndPush kaleÐtai (gramm  8)
gia na emfanÐsei nèec lÔseic pou eÐnai kwdikopoihmènec stic stoÐbec kai gia na topojet sei
to stoiqeÐo Cq sthn antÐstoiqh stoÐba. To stoiqeÐo Cq topojeteÐtai sth stoÐba mìno ìtan
eÐnai mèroc thc lÔshc. Tèloc, o dromèac Cq proqwr� sthn epìmenh fusik  tou topojesÐa
(gramm  9) gia na arqÐsei thn anaz thsh mÐac �llhc lÔshc. O kÔrioc brìqoc termatÐzei
ìtan sunant�me to tèloc mÐac   perissìterwn list¸n anestrammènou eurethrÐou, afoÔ tìte
mporoÔme na sumper�noume ìti den mporoÔn na brejoÔn �llec lÔseic.

Elègqontac mÐa epèktash lÔshc

H diadikasÐa Extension(), h opoÐa apeikonÐzetai sto Sq ma 3.37, elègqei e�n oi jèseic
twn dromèwn gia touc kìmbouc tou upodèntrou me rÐza ton kìmbo q apoteloÔn mÐa epèktash
lÔshc. To sÔnolo {C} eÐnai to sÔnolo ìlwn twn dromèwn twn mh diakladizìmenwn kìmbwn
tou upodèntrou me rÐza ton kìmbo q. Prokeimènou to upodèntro me rÐza ton kìmbo q na
sqhmatÐzei mÐa epèktash lÔshc, to stoiqeÐo Cq prèpei na perikleÐetai apì th stoÐba Sp tou
gonèa tou p, ìloi oi dromeÐc sto sÔnolo {C} na eÐnai pragmatikoÐ (mh eikonikoÐ), kai ìloi oi
dromeÐc sto {C} prèpei na ikanopoioÔn touc domikoÔc periorismoÔc thc er¸thshc Q (gramm 
3). H teleutaÐa sunj kh sunep�getai ìti ènac dromèac pou antistoiqeÐ se kìmbo me �llon
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Extension(q)

1: p = parent(q)

2: {C} = to sÔnolo twn dromèwn twn kìmbwn tou upodèndrou me rÐza ton q

3: if (h stoÐba Sp perikleÐei to stoiqeÐo Cq) and (ìloi oi deÐktec sto {C} eÐnai pragmatikoÐ) and (to {C}
ikanopoieÐ touc domikoÔc periorismoÔc tou Q) then

4: return TRUE

5: else

6: return FALSE

Sq ma 3.37: 'Elegqoc gia epèktash lÔshc.

kìmbo AND apì k�tw tou prèpei na perikleÐei ìlouc touc dromeÐc twn paidi¸n tou, en¸ ènac
dromèac me ènan kìmbo OR apì k�tw tou prèpei na perikleÐei toul�qiston ènan apì touc
dromeÐc twn paidi¸n tou.

Metakin¸ntac touc dromeÐc

O algìrijmoc TwigOptimal kaleÐ th diadikasÐa MoveCursors(q) ston kÔrio brìqo tou
kaj¸c y�qnei gia mÐa epèktash lÔshc, ìpou q o kìmboc me thn el�qisth start tim  dromèa.
H diadikasÐa aut  basik� prospajeÐ na metakin sei touc dromeÐc sto upodèntro me rÐza ton
kìmbo q sthn epìmenh epèktash lÔshc gia ton kìmbo q, an bèbaia aut  up�rqei. Prokeimènou
na apofÔgei leitourgÐec eisìdou/exìdou, autì gÐnetai metakin¸ntac touc eikonikoÔc kai ìqi
touc fusikoÔc dromeÐc. 'Enac fusikìc dromèac metakineÐtai mìno ìtan den eÐnai dunatèc
peraitèrw metakin seic tou eikonikoÔ dromèa.

H diadikasÐa MoveCursors parousi�zetai sto Sq ma 3.38. PragmatopoioÔntai dÔo per�s-
mata p�nw sto upodèntro thc Q me rÐza ton kìmbo q gia na metakinhjoÔn eikonik� oi dromeÐc,
èna pèrasma apì k�tw proc ta p�nw (gramm  6) kai èna pèrasma apì p�nw proc ta k�tw
(gramm  7). Ta dÔo per�smata anakalÔptoun sunolik� kai ìqi apl� topik� to perissìtero
dunatì pou o k�je dromèac mporeÐ na metakinhjeÐ qwrÐc na qajeÐ k�poia epèktash lÔshc
gia ton kìmbo q. Autì to st�dio èrqetai se eujeÐa antÐjesh me touc prohgoÔmenoc olis-
tikoÔc algìrijmouc sundèsmou pou exet�sthkan sta prohgoÔmena kef�laia, afoÔ oi teleu-
taÐoi metakinoÔntai exet�zontac k�je for� mìno tic jèseic enìc zeÔgouc dromèwn me sqèsh
gonèa-paidioÔ kai den uiojetoÔn thn pio sfairik  prosèggish tou TwigOptimal.

H TeigOptimal xekin� elègqontac an to stoiqeÐo Cq perikleÐetai apì th stoÐba tou gonèa
tou (gramm  2). An ìqi, tìte o Cq metakineÐtai eikonik� sto mègisto twn jèsewn Cq.start

kai Cp.start + 1, afoÔ autì eÐnai to perissìtero pou o Cq mporeÐ na metakinhjeÐ qwrÐc na
qajeÐ k�poia epèktash lÔshc gia ton q. 'Epeita, oi dromeÐc metakinoÔntai eikonik� se dÔo
per�smata (grammèc 6-7). ìpwc perigr�fhke nwrÐtera. Tèloc, elègqoume an met� ta dÔo
per�smata o q exakoloujeÐ na antistoiqeÐ ston el�qisto dromèa. An autì isqÔei, tìte den
eÐnai dunatì na metakin soume �llo touc eikonikoÔc dromeÐc, all� pragmatopoioÔme plèon
fusik  kÐnhsh dromèa (grammèc 9-11).

'Otan h MoveCursors exanagk�zetai na k�nei mÐa fusik  metakÐnhsh dromèa, dialègei ton
kalÔtero dunatì eikonikì dromèa proc metakÐnhsh sto upodèntro me rÐza ton q (gramm  9).
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MoveCursors(q)

1: p = parent(q)

2: if (h stoÐba Sp den perikleÐei to stoiqeÐo Cq) then

3: Cq.start = max(Cq.start, Cp.start + 1)

4: Cq.virtual = TRUE

5: MoveCursorsBottomUp

6: MoveCursorsTopDown

7: if o kìmboc q akìma antistoiqeÐ ston el�qisto dromèa then

8: Cb = o kalÔteroc eikonikìc dromèac gia na metakin soume metaxÔ tou Cq kai twn apogìnwn tou
9: Cb.forwardTo(Cb.start)

10: Cq.virtual = FALSE

Sq ma 3.38: MetakÐnhsh twn deikt¸n.

Sthn ousÐa, prìkeitai gia to dromèa pou problèpetai na metakinhjeÐ to perissìtero dunatì.
H epilog  tou kalÔterou dromèa basÐzetai kat� kÔrio lìgo se euristikèc sunart seic, san
autèc pou qrhsimopoieÐ o TSGeneric+ thc enìthtac 3.6.3, kai den exhgeÐtai analutik� ed¸.

H diadikasÐa MoveCursorsBottomUp, h opoÐa apeikonÐzetai sto Sq ma 3.39, ekteleÐ
me anadromikì trìpo èna pèrasma apì k�ta proc ta p�nw sto upì je¸rhsh upodèntro.
O skopìc autoÔ tou per�smatoc eÐnai na prospaj sei na metakin sei k�je gonikì dromèa
mprost� ètsi ¸ste na perikleÐei touc dromeÐc twn paidi¸n tou. An o q eÐnai ènac AND kìmboc
(gramm  4), tìte o Cq prèpei na perikleÐei to dromèa tou mègistou paidioÔ tou ètsi ¸ste
na mporeÐ na up�rxei epèktash lÔshc. OmoÐwc, an o q eÐnai ènac OR kìmboc (gramm  8),
tìte o Cq prèpei na perikleÐei to dromèa tou el�qistou paidioÔ tou. Tèloc, an o q eÐnai mh
diakladizìmenoc kìmboc (gramm  12), tìte o Cq prèpei na perikleÐei to dromèa autoÔ tou
monadikoÔ tou paidioÔ.

Se autì to shmeÐo upenjumÐzetai ìti o dromèac enìc diakladizìmenou kìmbou qrhsi-
mopoieÐtai gia to pèrasma thc jèshc tou gonikoÔ tou dromèa   tou dromèa k�poiou paidioÔ
tou. Ed¸, sthn perÐptwsh enìc AND kìmbou, o dromèac Cq qrhsimopoieÐtai gia to pèrasma
proc ta p�nw thc start tim c tou megalÔterou dromèa metaxÔ twn dromèwn twn paidi¸n tou
(grammèc 5-6). Parìmoia dr�sh lamb�netai sthn perÐptwsh enìc OR kìmbou all� aut  th
for� me to mikrìtero dromèa (grammèc 9-10). Tèloc, an o q eÐnai mh diakladizìmenoc kìmboc
me èna paidÐ kai h tim  Cq.end eÐnai mikrìterh apì to dromèa tou paidioÔ tou, tìte o Cq

metakineÐtai eikonik� sto mègisto twn Cq.start kai Cq.end + 1 (grammèc 15-16), pou eÐnai
to mègisto pou o Cq mporeÐ na metakinhjeÐ qwrÐc na qajeÐ k�poia epèktash lÔshc. H qr sh
tou megÐstou eÐnai aparaÐthth (gramm  15) gia thn perÐptwsh pou mÐa prohgoÔmenh kl sh
sth diadikasÐa MoveCursors èqei  dh metakin sei to Cq.start met� to Cq.end.

AfoÔ h MoveCursorsBottomUp telei¸sei, k�je dromèac ja èqei metakinhjeÐ ìso to
dunatìn pio makri� tou epitrèpoun oi dromeÐc twn paidi¸n tou, qwrÐc na qajeÐ k�poia epèktash
lÔshc. H diadikasÐa MoveCursorsTopDown, h opoÐa apeikonÐzetai sto Sq ma 3.40, kaleÐtai
tìte gia na ektelèsei anadromik� to apì p�nw proc ta k�tw pèrasma sto upì je¸rhsh
upodèntro. O skopìc autoÔ tou per�smatoc eÐnai na prospaj sei na metakin sei to dromèa
k�je paidioÔ ètsi ¸ste na perikleÐetai apì to dromèa tou gonèa tou.
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MoveCursorsBottomUp(q)

1: for c ∈ children(q) do

2: MoveCursorsBottomUp(c)

3: if o q eÐnai AND kìmboc then

4: m = to paidÐ tou q me to mègisto dromèa
5: Cq.start = Cm.start

6: else if o q eÐnai OR kìmboc then

7: m = to paidÐ tou q me ton el�qisto dromèa
8: Cq.start = Cm.start

9: else if o q èqei èna paidÐ then

10: c = to monadikì paidÐ tou q

11: if Cq.end < Cc.start then

12: Cq.start = max(Cq.start, Cq.end + 1)

13: Cq.virtual = TRUE

Sq ma 3.39: Pèrasma apì k�tw proc ta p�nw gia th metakÐnhsh twn deikt¸n.

MoveCursorsTopDown(q)

1: for c ∈ children(q) do

2: if o c eÐnai AND   OR kìmboc then

3: Cc.start = Cq.start

4: else if (Cc.start < Cq.start) and (to stoiqeÐo Cc den perikleÐetai apì th stoÐba Sq) then

5: Cc.start = Cq.start + 1

6: Cc.virtual = TRUE

7: MoveCursorsTopDown(c)

Sq ma 3.40: Pèrasma apì p�nw proc ta k�tw gia th metakÐnhsh twn deikt¸n.

Sth MoveCursorsTopDown, ta c kai q antistoiqoÔn stouc trèqontec kìmbouc paidioÔ
kai gonèa pou exet�zontai, antÐstoiqa. An o c eÐnai ènac diakladizìmenoc kìmboc, tìte o
dromèac Cc tou paidioÔ qrhsimopoieÐtai gia na per�sei proc ta k�tw th jèsh tou gonikoÔ
dromèa Cq (gramm  3). Diaforetik�, an to Cc.start eÐnai mikrìtero tou Cq.start kai den
perikleÐetai apì th gonik  stoÐba Sq, tìte o dromèac Cc metakineÐtai eikonik� sth jèsh
Cq.begin (grammèc 5-8), pou eÐnai to mègisto pou mporeÐ na metakinhjeÐ qwrÐc na qajeÐ mÐa
epèktash lÔshc, O lìgoc pou prèpei na elègxoume gia to an h stoÐba Sq perikleÐei to Cc

èqei na k�nei me thn apofug  qamènwn lÔsewn ìtan up�rqei k�poio anadromikì dedomèno gia
ton kìmbo q.

EmfanÐzontac mÐa lÔsh

Oi lÔseic emfanÐzontai kai topojetoÔntai stic stoÐbec apì th diadikasÐa OutputAnd-
Push, h opoÐa parousi�zetai sto Sq ma 3.41. Prin to stoiqeÐo dromèa topojethjeÐ sthn
antÐstoiqh stoÐba (gramm  8), pragmatopoieÐtai ènac èlegqoc gia na doÔme an o kìmboc q

antistoiqeÐ sth rÐza thc er¸thshc Q. An sumbaÐnei autì, tìte mÐa h perissìterec lÔseic
ex�gontai prin o nèoc dromèac rÐzac topojethjeÐ sth stoÐba (grammèc 2-6).

Shmei¸noume epÐshc gia lìgouc plhrìthtac ìti h paroÔsa mèjodoc eÐnai aploðk  kai den
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OutputAndPush(q)

1: if q == rootQ then

2: while to stoiqeÐo Sq.top() den eÐnai prìgonoc tou Cq do

3: emf�nise tic lÔseic me to stoiqeÐo Sq.top()

4: Sq.pop()

5: apì ìlec tic stoÐbec apom�krune ta stoiqeÐa ekeÐna pou den èqoun rÐza
6: Sq.push(Cq)

Sq ma 3.41: Ex�gontac mÐa lÔsh.

eÐnai apodotik  qwrik�. MporeÐ na metatrapeÐ se mÐa pio kat�llhlh kai qwrik� apodotik 
morf  me th bo jeia thc mejìdou pou perigr�fetai sto [6].

3.8.2 Beltistìthta tou TwigOptimal

To parak�tw je¸rhma brÐsketai sthn kardi� tou parap�nw algorÐjmou kai apoteleÐ èna
polÔ spoudaÐo apotèlesma. H apìdeix  tou den parousi�zetai ed¸ gia lìgouc exoikonìmhshc
q¸rou.

Je¸rhma 3.13. DojeÐshc mÐac kat�stashc apotÐmhshc < Q, C, S >, ìpote ènac dromèac
metakineÐtai fusik� ston algìrijmo twigOptimal:

1. EÐnai anagkaÐo na metakinhjeÐ ènac apì touc dromeÐc pou exet�zontai apì ton TwigOp-
timal.

2. O dromèac pou metakineÐtai fusik� metakineÐtai ìso to dunatìn perissìtero dÐqwc na
q�netai k�poia lÔsh. 2

Tèloc, jewr¸ntac ìti mìno metakin seic proc ta emprìc eÐnai epitreptèc gia touc dromeÐc,
kai me b�sh to je¸rhma 3.13, prokÔptei to parak�tw shmantikì je¸rhma:

Je¸rhma 3.14. Upojètontac pwc oi metakin seic dromèa eÐnai mìno proc ta emprìc, o
algìrijmoc TwigOptimal ekteleÐ ton el�qisto arijmì fusik¸n metakin sewn dromèa gia na
apotim sei thn er¸thsh Q. 2

Tèloc, o Fontoura kai oi upìloipoi probaÐnoun se peiramatik  axiolìghsh, h opoÐa epal-
hjeÔei èmprakta thn anwterìthta tou TwigOptimal ènanti twn �llwn olistik¸n algorÐjmwn
sundèsmou, kai idiaÐtera tou TSGeneric+.

3.9 Apì thn kwdikopoÐhsh jèshc sto ektetamèno sq -
ma Dewey: mÐa nèa prosèggish apodotik c epexer-
gasÐac erwt sewn dendrikoÔ protÔpou

'Oloi oi algìrijmoi pou exet�sthkan stic prohgoÔmenec enìthtec èqoun wc shmeÐo ekkÐnhsh-
c thn kwdikopoÐhsh jèshc gia thn anapar�stash jèshc twn stoiqeÐwn tou XML eggr�fou.
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Pr�gmati, jewr¸ntac ìti h XML b�sh dedomènwn èqei anaparastajeÐ me aut n thn k-
wdikopoÐhsh kai ekmetalleuìmenoi tic di�forec idiìthtec pou sunep�getai mÐa tètoia k-
wdikopoÐhsh gia tic domikèc sqèseic twn stoiqeÐwn thc b�shc dedomènwn, o prohghjèntec al-
gìrijmoi apopeir¸ntai na d¸soun apodotik  lÔsh sto prìblhma tou tairi�smatoc er¸thshc
dendrikoÔ protÔpou se XML dedomèna.

H kwdikopoÐhsh jèshc, se sunduasmì me tic lÐstec anestrammènou eurethrÐou, apotè-
lese ìntwc èna polÔ shmantikì ergaleÐo sthn prosp�jeia apodotik c epexergasÐac twn
erwt sewn me touc olistikoÔc algìrijmouc. Wstìso, den paÔei na parousi�zei mÐa seir�
apì adunamÐec. Gia par�deigma, dojeis¸n twn kwdikopoi sewn dÔo stoiqeÐwn, mporoÔme na
broÔme th metaxÔ touc domik  sqèsh me qr sh tou sq matoc kwdikopoÐhshc jèshc, all� an
mac dojeÐ mìno h kwdikopoÐhsh enìc stoiqeÐou, den mporoÔme mìno apì aut  na broÔme ìlouc
touc apogìnouc tou  , akìma perissìtero, tic shm�nseic ìlwn twn apogìnwn tou.

To enallaktikì sq ma ektetamènhc kwdikopoÐhshc Dewey, ta kÔria shmeÐa tou opoÐou
anafèrjhkan sthn enìthta 3.1.2, epiqeireÐ na lÔsei tic adunamÐec autèc thc kwdikopoÐhshc
jèshc, aux�nontac bèbaia th qwrik  poluplokìthta thc kwdikopoÐhshc. Basizìmenoi se
aut n thn anapar�stash, o Lu kai �lloi sthn ergasÐa [10] proteÐnoun èna nèo apodotikì
algìrijmo epexergasÐac, ton TJFast, kai meletoÔn thn poluplokìtht� tou, parèqontac kai
peiramatik  epal jeush.

3.9.1 Domèc Dedomènwn kai OrologÐa

'Estw q h er¸thsh dendrikoÔ protÔpou kai pn to prìtupo monopatioÔ apì th rÐza mèqri
ton kìmbo n ∈ q. QrhsimopoioÔntai oi parak�tw leitourgÐec p�nw stouc kìmbouc: isLeaf:
Node → Bool, isBranching: Node → Bool, leafNodes: Node → {Node}, directBranchin-
gOrLeafNodes: Node → {Node}. H leafNodes(n) epistrèfei to sÔnolo twn kìmbwn fÔll-
wn sto upodèntro me rÐza ton kìmbo n. H directBranchingOrLeafNodes(n) (en suntomÐa,
dbl(n)), epistrèfei to sÔnolo ìlwn twn diakladizìmenwn kìmbwn b kai twn kìmbwn fÔllwn
f sto upodèntro me rÐza ton kìmbo n, ètsi ¸ste sto monop�ti apì ton n ston b   ton f

(exairoumènwn twn kìmbwn sthn �krh) na mhn up�rqoun diakladizìmenoi kìmboi.
Sqetizìmenh me k�je kìmbo fÔllo f thc er¸thshc eÐnai mÐa ro  dedomènwn Tf . H ro  per-

ièqei tic ektetamènec kwdikopoi seic Dewey ìlwn twn stoiqeÐwn pou tairi�zoun ton kìmbo f .
Ta stoiqeÐa stic roèc taxinomoÔntai kat� aÔxousa lexikografik  di�taxh. Oi leitourgÐec se
mÐa ro  eÐnai oi current(Tf ), advance(Tf ), eof(Tf ), kai h leitourgÐa touc eÐnai akrib¸c h Ðdia
me aut n pou sunant same stouc prohgoÔmenouc algìrijmouc. EpÐshc, se k�je stoiqeÐo e

tou XML eggr�fou mporoÔme na efarmìsoume tic leitourgÐec ancestors(e), descendants(e),
oi opoÐec epistrèfoun touc progìnouc kai touc apogìnouc tou stoiqeÐou e, antÐstoiqa.

Kat� th di�rkeia thc ektèles c tou. o TJFast krat�ei mÐa dom  dedomènwn: èna sÔnolo
Sb gia k�je diakladizìmeno kìmbo b. K�je dÔo stoiqeÐa sto sÔnolo Sb prèpei na èqoun
domik  suggèneia progìnou-apogìnou ( , profan¸c, gonèa-paidioÔ). Epomènwc, to mègisto
mègejoc tou sunìlou Sb den eÐnai megalÔtero apì to m koc tou megalÔterou monopatioÔ sto
èggrafo ìpou gÐnetai to taÐriasma. K�je stoiqeÐo tou sunìlou mporeÐ en dun�mei summetèqei
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se apant seic sthn er¸thsh. Arqik�, to Sb eÐnai �deio.

3.9.2 TJFast

O algìrijmoc TJFast parousi�zetai sto Sq ma 3.42 kai leitourgeÐ se dÔo f�seic.
Sthn pr¸th f�sh (grammèc 1-9), upologÐzontai k�poiec lÔseic sta prìtupa monopatioÔ
rÐzac−proc−fÔllo thc arqik c er¸thshc. Sth deÔterh f�sh, autèc oi lÔseic sugqwneÔontai
gia na upologistoÔn oi telikèc lÔseic sthn er¸thsh dendrikoÔ protÔpou.

DojeÐshc thc ektetamènhc kwdikopoÐhshc Dewey enìc stoiqeÐou, lìgw twn idiot twn
thc kwdikopoÐhshc aut c mporoÔme na elègxoume an to monop�ti tou tairi�zei me ta prìtupa
monopatioÔ rÐzac−proc−fÔllo. Epomènwc, h ousÐa tou TJFast eÐnai na kajorÐsoume e�n
mÐa lÔsh monopatioÔ mporeÐ na suneisfèrei se lÔseic ìlhc thc dendrik c er¸thshc. Sthn
kalÔterh perÐptwsh, emfanÐzoume mìno ekeÐnec tic lÔseic monopatioÔ pou mporoÔn na sug-
qwneutoÔn me toul�qiston mÐa lÔsh apì ta �lla monop�tia rÐzac−proc−fÔllo. DÔo lÔseic
monopatioÔ mporoÔn na sugqwneujoÔn, an tairi�zoun touc koinoÔc diakladizìmenouc kìm-
bouc thc er¸thshc me to Ðdio stoiqeÐo. Epomènwc, gia na kajorÐsei o algìrijmoc TJFast
an mÐa lÔsh monopatioÔ suneisfèrei se telikèc apant seic, prospajeÐ na brei ta pio pijan�
stoiqeÐa pou tairi�zoun touc diakladizìmenouc kìmbouc b kai ta apojhkeÔei sto sÔnolo Sb.

H leitourgÐa tou TJFast eÐnai arket� apl . Stic grammèc 1-3, gia k�je ro  dedomè-
nwn brÐskoume to pr¸to stoiqeÐo tou opoÐou to monop�ti tairi�zei to prìtupo monopa-
tioÔ rÐzac−proc−fÔllo. Sth gramm  5, prosdiorÐzoume thn epìmenh proc epexergasÐa
ro  Tfact qrhsimopoi¸ntac ton algìrijmo getNext(topBranchingNode), ìpou o kìmboc
topBranchingNode orÐzetai wc o diakladizìmenoc kìmboc thc dendrik c er¸thshc pou eÐnai
prìgonoc ìlwn twn upìloipwn diakladizìmenwn kìmbwn (an up�rqoun). Sth gramm  6, em-
fanÐzoume sthn èxodo merikèc tairiasmènec lÔseic monopatioÔ stic opoÐec k�je stoiqeÐo pou
tairi�zei èna diakladizìmeno kìmbo b mporeÐ na brejeÐ sto antÐstoiqo sÔnolo Sb. Proqwr�me
sto epìmeno stoiqeÐo thc ro c sth gramm  7 kai brÐskoume to epìmeno stoiqeÐo thc ro c
Tfact pou tairi�zei to prìtupo monopatioÔ sth gramm  8.

O algìrijmoc getNext, pou apeikonÐzetai sto Sq ma 3.43, brÐsketai sthn kardi� tou
TJFast, kai mac bohj� se dÔo pr�gmata. To pr¸to eÐnai pwc anakalÔptei thn epìmenh proc
epexergasÐa ro  dedomènwn, en¸ to deÔtero pwc enhmer¸nei ta sÔnola Sb ta sqetizìmena me
touc diakladizìmenouc kìmbouc b.

Prokeimènou na brei thn epìmenh proc epexergasÐa ro  stoiqeÐwn, o algìrijmoc get-
Next(n) epistrèfei ènan kìmbo fÔllo f sÔmfwna me ta ex c trÐa anadromik� krit ria: (a)
an o n eÐnai kìmboc fÔllo, tìte epèstreye ton Ðdio ton n (gramm  2), alli¸c (b) o n eÐnai
diakladizìmenoc kìmboc kai gia k�je kìmbo ni ∈ dbl(n), (1) an ta trèqonta stoiqeÐa den
mporoÔn na sqhmatÐsoun èna taÐriasma gia to upodèntro me rÐza ton kìmbo ni, epistrèfoume
amèswc ton fi (gramm  7), alli¸c, (2) an to trèqon stoiqeÐo thc ro c Tfi

de summetèqei
sth lÔsh pou perilamb�nei mellontik� stoiqeÐa apì �llec roèc, epistrèfoume ton kìmbo fi

(gramm  14), alli¸c, (3) epistrèfoume ton kìmbo fmin ètsi ¸ste to trèqon stoiqeÐo emin

na èqei thn el�qisth s mansh apì ìla ta �lla ei kat� lexikografik  di�taxh (gramm  20).
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Algorithm TJFast

1: for each f in leafNodes(root) do

2: locateMatchedLabel(f)

3: while ¬end(root) do

4: fact = getNext(topBranchingNode)

5: outputSolutions(fact)

6: advance(Tfact))

7: locateMatchedLabel(fact)

8: mergeAllPAthSolutions

Procedure locateMatchedLabel(f)

/∗ Upojètoume ìti to monop�ti apì th rÐza sto trèqon stoiqeÐo thc ro c Tf eÐnai n1/n2/.../nk kai pf eÐnai
to prìtupo monopatioÔ apì th rÐza ston kìmbo fÔllo f ∗/
1: while ¬(n1/n2/.../nk tairi�zei to prìtupo pf ) ∧ (nk tairi�zei ton kìmbo f) do

2: advance(Tf )

Function end(n)

1: return ∀f ∈ leafNodes(n) ⇒ eof(Tf )

Procedure outputSolutions(f)

1: emf�nise sthn èxodo lÔseic monopatioÔ tou trèqontoc stoiqeÐou Tf sto prìtupo monopatioÔ pf ètsi
¸ste se k�je lÔsh s, ∀e ∈ s ⇒ (to stoiqeÐo e tairi�zei ènan diakladizìmeno kìmbo b ⇒ e ∈ Sb)

Sq ma 3.42: Algìrijmoc TJFast.

H deÔterh leitourgÐa tou algorÐjmou, h enhmèrwsh tou sunìlou Sb, eÐnai idiaÐtera shman-
tik , afoÔ ta stoiqeÐa sto sÔnolo Sb kajorÐzoun poiec lÔseic monopatioÔ ja exaqjoÔn sthn
èxodo apì th diadikasÐa outputSolutions. Sth gramm  18, prin èna stoiqeÐo e eisaqjeÐ sto
sÔnolo Sb, bebaiwnìmaste ìti to e eÐnai prìgonoc (  tautÐzetai) me k�je �llo stoiqeÐo ebi

pou tairi�zei ton kìmbo b stic antÐstoiqec lÔseic monopatioÔ.
Shmei¸noume ìti h deÔterh f�sh tou algorÐjmou TJFast mporeÐ na ektelesjeÐ apodotik�,

mìno ìtan oi endi�mesec lÔseic monopatioÔ emfanÐzontai se taxinomhmènh di�taxh. Autì
mporeÐ na gÐnei qrhsimopoi¸ntac thn teqnik  tou mplokarÐsmatoc, pou exet�sjhke se b�joc
sthn enìthta 3.3.3.

3.9.3 An�lush tou TJFast

Parajètoume ta parak�tw dÔo shmantik� jewr mata thc orjìthtac kai thc poluplokìth-
tac tou TJFast dÐqwc apìdeixh.

Je¸rhma 3.15. Dojèntwn miac er¸thshc dendrikoÔ protÔpou q kai miac XML b�shc
dedomènwn D, o algìrijmoc TJFast orj� epistrèfei ìlec tic apant seic gia to q p�nw sth
D. 2

Je¸rhma 3.16. 'Estw mÐa XML b�sh dedomènwn D kai mÐa er¸thsh dendrikoÔ protÔpou
Q me mìno domikèc sqèseic progìnou-apogìnou metaxÔ twn diakladizìmenwn kìmbwn kai twn
paidi¸n touc. H qeirìterh perÐptwsh I/O poluplokìthtac gia ton TJFast eÐnai grammik 
wc proc to �jroisma twn megej¸n twn list¸n eisìdou kai thc lÐstac exìdou. H qeirìterh
perÐptwsh gia th qwrik  poluplokìthta eÐnai O(d2 * |b| + d * |f |), ìpou |f | o arijmìc
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Algorithm getNext(n)

1: if isLeaf(n) then

2: return n

3: for all ni in dbl(n) do

4: fi = getNext(ni)

5: if isBranching(ni) ∧ empty(Sni) then

6: return fi

7: ei = max{p|p ∈ MB(ni, n)}
8: nmin = minargni{ei}
9: nmax = maxargni{ei}

10: for all ni in dbl(n) do

11: if ∀e ∈ MB(ni, n): ¬(e ∈ ancestors(emax)) then

12: return fi

13: for all e in MB(nmin, n) do

14: if e ∈ ancestors(emax) then

15: updateSet(Sn, e)

16: return fmin

Function MB(n, b)

1: if isBranching(n) then

2: èstw e to mègisto stoiqeÐo sto sÔnolo Sn

3: else

4: èstw e = current(Tn)

5: epèstreye to sÔnolo apì stoiqeÐa a pou eÐnai apìgonoi tou e ètsi ¸ste to a na tairi�zei me ton kìmbo
b sth lÔsh monopatioÔ tou e sto prìtupo monop�ti pn

Procedure clearSet(S, e)

1: di�graye opoiod pote stoiqeÐo a sto sÔnolo S ètsi ¸ste: ¬(a ∈ ancestors(e)) ∧ ¬(a ∈ descendants(e))

Procedure updateSet(S, e)

1: clearSet(S, e)

2: S = S
⋃

e

Sq ma 3.43: Algìrijmoc getNext.

twn kìmbwn fÔllwn thc er¸thshc, |b| o arijmìc twn diakladizìmenwn kìmbwn thc kai d to
m koc thc makrÔterhc s manshc stic lÐstec eisìdou. 2

TonÐzoume ìti sthn perÐptwsh pou h er¸thsh perièqei kai domikèc sqèseic paidioÔ-gonèa
metaxÔ twn diakladizìmenwn kìmbwn kai twn paidi¸n touc, o TJFast den eÐnai pia bèltistoc
wc proc tic pr�xeic eisìdou/exìdou.

Me thn parousÐash kai tou algorÐjmou TJFast kleÐnei to parìn kef�laio, pou stìqo
eÐqe thn parousÐash twn shmantikìterwn teqnik¸n apotÐmhshc erwt sewn dendrikoÔ pro-
tÔpou kai protÔpou monopatioÔ. 'Eqontac wc afethrÐa ton olistikì algìrijmo apotÐmhshc
erwt sewn monopatioÔ PathStack, ja anaptuqjoÔn sto kef�laio 5 algìrijmoi apotÐmhshc
erwt sewn monopatioÔ merik c dom c. Pr¸ta, ìmwc, ja anaptuqjeÐ sto epìmeno kef�laio
mÐa nèa gl¸ssa erwt sewn monopatioÔ merik c dom c.



Kef�laio 4

Gl¸ssa kai Teqnikèc
EpexergasÐac Erwt sewn XML

me Prìtupa Monop�tia Merik c
Dom c

4.1 Gl¸ssa Erwt sewn XML me Prìtupa Monop�tia
Merik c Dom c

4.1.1 Erwt seic me Prìtupa Monop�tia Merik c Dom c

SÔntaxh. MÐa er¸thsh monopatioÔ merik c dom c (PartialPathQuery, PPQ) eÐnai mÐa
er¸thsh monopatioÔ, ìpou ìmwc h dom  den eÐnai p�nta austhr� kajorismènh. Tupik�:

Orismìc 4.12. MÐa Er¸thsh MonopatioÔ Merik c Dom c (PPQ) se èna XML dèntro T

eÐnai èna sÔnolo apì sqèseic diadoq c orismènec p�nw se èna mh kenì sÔnolo apì kìmbouc
, dhlad  èna sÔnolo apì ekfr�seic thc morf c r/bj   ai/bj (sqèseic patèra-paidioÔ) kai/ 
thc morf c r//bj   ai//bj (sqèseic progìnou-apogìnou), ìpou r eÐnai o kìmboc rÐza thc
er¸thshc, oi ai kai bj eÐnai kìmboi shmasmènoi apì ta stoiqeÐa a kai b, antÐstoiqa, kai tìso
o a ìso kai o b eÐnai stoiqeÐa sto T . 2

H Eikìna 4.1 apeikonÐzei trÐa tètoia erwt mata. To pr¸to, PPQ1, gia par�deigma,
dÔo sqèseic progìnou-apogìnou apì ton kìmbo rÐza stouc kìmbouc pou shmaÐnontai apì ta
stoiqeÐa x kai d, kaj¸c kai mÐa sqèsh progìnou-apogìnou apì ton kìmbo pou shmaÐnetai
apì to stoiqeÐo x ston kìmbo pou shmaÐnetai apì to s.

EÐnai profanèc ìti o qr sthc èqei th dunatìthta na kajorÐsei th dom  mÐac tètoiac
er¸thshc, pl rwc, merik¸c   akìmh kai kajìlou. ParadeÐgmatoc q�rh, mÐa gl¸ssa erwt -
sewn merik c dom c epitrèpei to sqhmatismì kai th diatÔpwsh erwt sewn pou eÐnai pl rwc
domhmèna monop�tia me saf¸c orismènec sqèseic diadoq c. Apì thn �llh pleur�, èna PPQ

mporeÐ na mhn perièqei kamÐa apolÔtwc tètoia sqèsh diadoq c, sthn opoÐa perÐptwsh ek-
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Merik c Dom c

(a) PPQ1={r//x0, x0//s0, r//d0}
(b) PPQ2={r//s0, s0//d0, r//x0, x0//d0}
(c) PPQ3={r//x0, x0/s0, r/s1, s1/x1, s1//d0}

Sq ma 4.1: ParadeÐgmata Erwt sewn MonopatioÔ me Prìtupa Merik c Dom c

fulÐzetai se èna sÔnolo apì lèxeic kleidi�. MetaxÔ twn dÔo akraÐwn peript¸sewn, up�rqoun
erwt seic pou parèqoun merik  perigraf  thc dom c qwrÐc wstìso na kajorÐzoun èna mìno
sugkekrimèno monop�ti.

Parist�noume grafik� tic erwt seic autèc qrhsimopoi¸ntac orologÐa gr�fwn, ìpwc
k�name kai sto prohgoÔmeno kef�laio. K�je kìmboc thc er¸thshc antiproswpeÔetai apì
ènan kìmbo sto gr�fo pou shmaÐnetai apì to antÐstoiqo stoiqeÐo. Oi sqèseic patèra-paidioÔ
kai progìnou-apogìnou apeikonÐzontai qrhsimopoi¸ntac mon� (→) kai dipl� (⇒) bèlh an-
tÐstoiqa metaxÔ twn antÐstoiqwn kìmbwn. H grafik  anapar�stash twn tri¸n erwt sewn
thc Eikìnac 4.1 parousi�zetai sthn Eikìna 4.2.

d
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(aþ)
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r

s x

d
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x s

xs
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Sq ma 4.2: Grafik  Anapar�stash twn Tri¸n Erwt sewn.

MÐa er¸thsh monopatioÔ merik c dom c mporeÐ na perilamb�nei perissìterouc apì ènan
kìmbouc qwrÐc eiserqìmenec akmèc (dhlad  phgèc). Apì upìjesh, jewroÔme ìmwc ìti k�je
XML dèntro èqei wc rÐza ènan kìmbo pou shmaÐnetai apì r, mporoÔme na prosjèsoume (an
den up�rqei  dh) ènan kìmbo r kai dipl�bèlh proc ìlouc touc kìmbouc phgèc thc er¸thshc
qwrÐc na all�zoume th shmasiologÐa thc er¸thshc. Me autìn ton trìpo, k�je er¸thsh
mporeÐ na parastajeÐ me ènan kateujunìmeno gr�fo me rÐza, opìte arkeÐ na periorÐsoume to
endiafèron mac mìno se erwt seic aut c thc morf c.

ShmasiologÐa. H ap�nthsh se mÐa er¸thsh monopatioÔ merik c dom c PPQ p�nw se
èna XML dèntro eÐnai èna sÔnolo apì akoloujÐec kìmbwn. Oi kìmboi k�je akoloujÐac prèpei
na brÐskontai sto Ðdio monop�ti tou dèndrou kai na diathroÔn tic sqèseic patèra-paidioÔ kai
progìnou-apogìnou tou PQ. OrÐzoume me megalÔterh austhrìthta thn ènnoia thc ap�nthshc
se mÐa er¸thsh monopatioÔ merik c dom c me thn eisagwg  k�poiwn nèwn orism¸n:

Orismìc 4.13. Emb�ptisma mÐac er¸thshc monopatioÔ merik c dom c Q se èna XML
dèntro T eÐnai mÐa antistoÐqish M apì touc kìmbouc tou Q stouc kìmbouc tou T ètsi ¸ste:
(a) k�je kìmboc tou Q shmasmènoc apì to e antistoiqÐzetai mèsw tou M se ènan kìmbo
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tou T shmasmènou epÐshc apì to e; (b) oi kìmboi tou Q antistoiqÐzontai mèsw tou M se
kìmbouc pou brÐskontai p�nw sto Ðdio monop�ti p�nw sto T ; (g)∀ ai/bj (ant. ai//bj) ∈ Q,
M(bj) eÐnai paidÐ (ant. apìgonoc) tou M(ai) ∈ T . 2

KaloÔme eikìna tou Q k�tw apì thn empèdwsh M kai gr�foume M(Q), mÐa akoloujÐa
kìmbwn pou perilamb�nei ìlec tic eikìnec twn kìmbwn tou Q k�tw apì to M .

'Eqontac upìyh mac touc prohgoÔmenouc orismoÔc, eÐmaste plèon se jèsh na eis�goume
thn ènnoia thc ap�nthshc se èna er¸thma merik c dom c:

Orismìc 4.14. H ap�nthsh thc er¸thshc Q p�nw sto T eÐnai to sÔnolo ìlwn twn eikìnwn
tou Q k�tw apì ìlec tic dunatèc emped¸seic tou Q sto T . 2

Wc èna par�deigma, ac jewr soume thn er¸thsh PPQ1 sthn Eikìna 4.1. Ja epistrèyei
ìlouc touc kìmbouc tou XML dèndrou T pou shmaÐnontai apì ta stoiqeÐa r, x, s kai d,
antÐstoiqa, ètsi ¸ste (a) ìloi touc keÐntai sto Ðdio monop�ti tou dèntrou T , (b) o kìmboc
pou shmaÐnetai apì r eÐnai prìgonoc aut¸n pou shmaÐnontai apì x kai d, (g) o kìmboc pou
shmaÐnetai apì x eÐnai prìgonoc autoÔ pou shmaÐnetai apì s, kai (d) h sqèsh diadoq c tou
kìmbou pou shmaÐnetai apì d se sqèsh me touc kìmbouc pou shmaÐnontai apì x kai s den
eÐnai kajorismènh.

Shmei¸noume ìti kai oi erwt seic monopatioÔ merik c dom c mporeÐ na perièqoun diakri-
toÔc kìmbouc pou shmaÐnontai ìmwc apì to Ðdio stoiqeÐo, gia par�deigma oi kìmboi x0 kai
x1 sthn er¸thsh PPQ3. Oi eikìnec dÔo tètoiwn kìmbwn mporeÐ na sumpèsoun, ektìc ki
an up�rqei sqetÐzontai mèsa apì mÐa akoloujÐa sqèsewn diadoq c metaxÔ touc, opìte kai
antistoiqÐzontai se diaforetikoÔc kìmbouc tou dèntrou T .

ParathroÔme epÐshc ìti kai h er¸thsh PPQ1 sthn Eikìna 4.2(aþ) èqei dom  parìmoia me
aut  enìc kladioÔ se mÐa er¸thsh me prìtupo dendrik c dom c. Wstìso, sto pl�isio twn
erwt sewn monopatioÔ merik c dom c, o d prèpei na brÐsketai sto Ðdio monop�ti me touc x

kai s se ìlec tic apant seic, en¸ stic dendrikèc erwt seic oi kìmboi autoÐ ja mporoÔsan na
tairi�zoun akìmh ki an an kan se diaforetik� monop�tia thc XML b�shc dedomènwn.

4.1.2 EpexergasÐa Erwt sewn MonopatioÔ Merik c Dom c

Dedomènou ìti h dom  stic erwt seic pou meletoÔme se autì to kef�laio eÐnai merik¸c
kajorismènh, nèec sqèseic diadoq c mporoÔn na exaqjoÔn apì pou �mesa kajorÐzontai
sthn er¸thsh. H apotÐmhsh mÐac tètoiac er¸thshc mporeÐ na epitaqunjeÐ, an tropopoih-
jeÐ kat�llhla me b�sh tic paragìmenec sqèseic diadoq c.

Sumperasmatik  Exagwg  Domik¸n Sqèsewn

Ac jewr soume thn er¸thsh PPQ3 thc Eikìnac 4.1. AfoÔ o kìmboc s1 eÐnai gonèac tou
kìmbou x1 kai prìgonoc tou d0, mporoÔme na sumper�noume ìti o x1 eÐnai epÐshc prìgonoc
tou d0. Me �lla lìgia, o d0 ofeÐlei na brÐsketai k�tw kai apì touc dÔo kìmbouc s1 kai x1,
oi dÔo teleutaÐoi kìmboi sundèontai mèsa apì sqèsh patèra-paidioÔ kai kaneÐc �lloc kìmboc
den mporeÐ na mesolab sei endi�mesa touc. 'Eqoume epomènwc:
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Orismìc 4.15. MÐa sqèsh diadoq c p eÐnai paragìmenh apì to sÔnolo twn sqèsewn
diadoq c thc er¸thshc monopatioÔ Q, an kai mìno an gia k�je emb�ptisma M tou Q se
opoiod pote XML dèntro, to M ikanopoieÐ thn p. To kleÐsimo enìc sunìlou apì sqèseic
diadoq c P eÐnai to sÔnolo pou perilamb�nei tic sqèseic diadoq c sto P, kaj¸c kai ìlec tic
paragìmenec sqèseic diadoq c apì to sÔnolo P. 2

Gia na upologÐsoume to sÔnolo enìc tètoiou sunìlou sqèsewn P , eis�goume èna sÔnolo
apì sumperasmatikoÔc kanìnec, oi opoÐoi apeikonÐzontai sthn Eikìna 4.3. 'Estw ai, bj kai
ck diakritoÐ kìmboi, x, y, z, kai w metablhtèc p�nw sto sÔnolo twn kìmbwn, kai r o kìmboc
rÐza. QrhsimopoioÔme to sÔmbolo ` gia na dhl¸soume ìti oi sqèseic pou prohgoÔntai
tou sumbìlou par�goun th sqèsh pou èpetai autoÔ. H apousÐa sqèsewn pou èpontai tou
sumbìlou ` dhl¸nei axÐwma.

(IR1) ` r//ai

(IR2) ai/bj ` ai//bj

(IR3) ai//bj , bj//ck ` ai//ck

(IR4) ai/bj , ai//ck, b 6= c ` bj//ck

(IR5) ai/bj , ck//bj , a 6= c ` ck//ai

(IR6) x/y, y/w, x//z, z//w ` x/z

(IR7) x/y, x//z, w/z, w//y ` x/z

(IR8) x/y, y/w, x/z ` z/w

(IR9) x//y, y//w, x/z ` z//w

(IR10) x/y, x/z, w/z ` w/y

(IR11) x//y, x/z, w//z ` w//y

(IR12) x/y, y/w, z/w ` x/z

(IR13) x//y, y//w, z/w ` x//z

Sq ma 4.3: SumperasmatikoÐ Kanìnec

To epìmeno je¸rhma pou parajètoume qwrÐc apìdeixh deÐqnei ìti autoÐ oi kanìnec orj�
kai pl rwc qarakthrÐzoun thn paragwg  domik¸n sqèsewn.

Je¸rhma 4.17. 'Estw R èna sÔnolo apì sqèseic diadoq c mÐac er¸thshc monopatioÔ
merik c dom c kai r mÐa domik  èkfrash pou den an kei sto sÔnolo R. To sÔnolo twn
sumperasmatik¸n kanìnwn thc Eikìnac 4.3 eÐnai sunepèc (an h r mporeÐ na paraqjeÐ apì to
R qrhsimopoi¸ntac touc sumperasmatikoÔc kanìnec, tìte h r eÐnai p�nta mÐa paragìmenh
sqèsh apì to R), kai pl rec (an h r mporeÐ na paraqjeÐ apì to R, tìte h r emfanÐzetai sto
R,   mporeÐ na paraqjeÐ apì to R qrhsimopoi¸ntac touc sumperasmatikoÔc kanìnec). 2

An to sÔnolo R twn sqèsewn diadoq c tou Q isoÔtai me to kleÐsimo tou R, lème ìti
to Q eÐnai se pl rh morf . Gia par�deigma, oi erwt seic PPQ1 kai PPQ2 thc Eikìnac
4.1 eÐnai se pl rh morf . H pl rhc morf  thc er¸thshc PPQ3 apeikonÐzetai sthn Eikìna
4.6(aþ).
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Profan¸c, mporeÐ na up�rxei poluwnumikìc mìnoc arijmìc sqèsewn diadoq c sto kleÐsi-
mo enìc sunìlou sqèsewn diadoq c. Sthn pr�xh, mìno èna mikrì posostì tou mègistou duna-
toÔ arijmoÔ twn sqèsewn emfanÐzontai sto kleÐsimo twn sqèsewn diadoq c mÐac er¸thshc,
kai sunep¸c, to kìstoc upologismoÔ tou kleisÐmatoc eÐnai sqetik� as manto.

Ikanopoihsimìthta Erwt sewn

O entopismìc thc mh ikanopoihsimìthtac miac er¸thshc mporeÐ na odhg sei se shmantik�
mikrìterouc qrìnouc ektèleshc twn algorÐjmwn apotÐmhshc, afoÔ mporoÔme na apofÔgoume
thn prìsbash se dedomèna pou oÔtwc   �llwc de ja mporoÔsan na mac odhg soun se mh
ken� sÔnola apant sewn.

Orismìc 4.16. MÐa er¸thsh monopatioÔ merik c dom c kaleÐtai ikanopoi simh, an kai mìno
an èqei mh ken  ap�nthsh se k�poio XML dèntro. Diaforetik�, kaleÐtai mh ikanopoi simh.
2

Se antÐjesh me tic austhr¸c domhmènec erwt seic monopatioÔ, oi erwt seic monopatioÔ
merik c morf c mporeÐ ma eÐnai mh ikanopoi simec. Ac jewr soume, gia par�deigma, thn
er¸thsh q5 thc Eikìnac 4.4(a). Profan¸c, aut  h er¸thsh eÐnai mh ikanopoi simh, afoÔ
kanèna monop�ti se XML dèndro den mporeÐ na epalhjeÔei kai tic tèsseric domikèc sqè-
seic pou perigr�fei. To epìmeno je¸rhma parèqei anagkaÐec kai eparkeÐc sunj kec gia
ikanopoihsimìthta.

Je¸rhma 4.18. MÐa er¸thsh monopatioÔ merik c dom c eÐnai mh ikanopoi simh, an kai
mìno an h pl rhc morf  thc den perièqei ènan tetrimmèno kÔklo,  toi dÔo domikèc sqèseic
thc morf c a//b kai b//a . 2

Gia par�deigma, ac jewr soume, tic erwt seic q5 kai q6 thc Eikìnac 4.4. MporeÐ eÔkola
na dei kaneÐc pwc h pl rhc morf  kai twn dÔo erwt sewn perièqei ton tetrimmèno kÔklo
r//a1 kai a1//r

O èlegqoc gia ikanopoihsimìthta isodunameÐ me ton èlegqo thc pl rouc morf c thc
er¸thshc gia tetrimmènouc kÔklouc. H poluplokìthta autoÔ tou elègqou eÐnai sth qeirìter-
h perÐptwsh tetragwnik  wc proc ton arijmì twn kìmbwn thc er¸thshc. Dedomènou ìti to
pl joc twn kìmbwn mÐac er¸thshc den anamènetai na eÐnai kan sugkrÐsimo proc to mège-
joc thc XML b�shc dedomènwn, to kìstoc gia èlegqo ikanopoihsimìthtac eÐnai sthn pr�xh
as manto.

Pleon�zontec Kìmboi se Erwt seic

MerikoÐ kìmboi se mÐa er¸thsh mporoÔn na apomakrunjoÔn qwrÐc na ephre�zetai h shma-
siologÐa thc er¸thshc. KaloÔme autoÔc touc kìmbouc perittoÔc:

Orismìc 4.17. 'Enac kìmboc se mÐa er¸thsh monopatioÔ merik c dom c eÐnai perittìc, an
kai mìno an se opoiad pote eggraf  thc ap�nthshc aut c thc er¸thshc èqei thn Ðdia tim 
ìpwc ènac �lloc (ìqi anagkastik� o Ðdioc) kìmboc thc er¸thshc. 2
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Sq ma 4.4: DÔo mh ikanopoi simec erwt seic.

Oi perittoÐ kìmboi mporoÔn na aniqneujoÔn me b�sh to parak�tw je¸rhma:

Je¸rhma 4.19. 'Enac kìmboc w se mÐa er¸thsh monopatioÔ merik c dom c eÐnai perittìc,
an kai mìno an h pl rhc morf  thc er¸thshc perilamb�nei èna apì ta parak�tw sÔnola
domik¸n sqèsewn:
(a) x/w kai x/y, ìpou oi x kai y eÐnai kìmboi thc er¸thshc kai oi w kai y èqoun thn Ðdia
s mansh.
(b) w/x kai y/x, ìpou oi x kai y eÐnai kìmboi thc er¸thshc kai oi w kai y èqoun thn Ðdia
s mansh.
(g)x/y1, x/y2, ..., x/yk, x//w, w//z, k ≥ 1, ìpou x, y1, y2, ..., yk, z kai w eÐnai kìmboi thc
er¸thshc kai h s mansh tou w eÐnai h Ðdia me th s mansh enìc apì touc kìmbouc y1, y2, ...,
yk. 2

Oi Eikìnec 4.5(a), 4.5(b) kai 4.5(c) apeikonÐzoun tic 3 sunj kec tou Jewr matoc 4.19.

Sq ma 4.5: Erwt seic MonopatioÔ Merik c Dom c me perittì kìmbo w.

EÐnai profanèc ìti o entopismìc peritt¸n kìmbwn se mÐa er¸thsh mporeÐ na gÐnei me
apodotikì trìpo.
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Kanonik  Morf  Erwt sewn

T¸ra, ac jewr soume mÐa er¸thsh Q kai to sÔnolo R twn sqèsewn diadoq c sto Q.
Kat� thn apotÐmhsh tou Q, h exètash twn sqèsewn diadoq c pou mporoÔn na exaqjoÔn apì
touc kanìnec IR2 kai IR3 eÐnai epÐshc peritt . Gia par�deigma, an h sqèsh diadoq c ai/bj

eÐnai sto sÔnolo twn sqèsewn diadoq c mÐac er¸thshc Q, tìte to sÔnolo twn eikìnwn thc
ai/bj k�tw apì ìla ta pijan� embaptÐsmata tou Q se èna XML dèntro eÐnai èna uposÔnolo
tou sunìlou twn eikìnwn thc ai//bj (paraqjeÐsac apì ton IR2). H agnìhsh thc ai//bj mporeÐ
na epitaqÔnei epomènwc thn apotÐmhsh thc Q qwrÐc na ephre�sei thn ap�nthsh. Sunep¸c,
eis�goume mÐa morf  gia tic erwt seic monopatioÔ merik c dom c pou onom�zetai kanonik 
morf .

Orismìc 4.18. MÐa er¸thsh monopatioÔ me prìtupo merik c dom c Q eÐnai se kanonik 
morf , an to sÔnolo P twn sqèsewn diadoq c tou Q isoÔtai me to kleÐsimo tou P afairoumè-
nou tou sunìlou twn sqèsewn diadoq c pou mporoÔn na exaqjoÔn apì to P me qr sh twn
sumperasmatik¸n kanìnwn IR2 kai IR3. 2

AfoÔ mÐa ikanopoi simh er¸thsh den perièqei kÔklouc sthn pl rh thc morf , ja prèpei
na èqei monadik  kanonik  morf . Aut  h kanonik  morf  mporeÐ na anaparastajeÐ wc ènac
kateujunìmenoc akuklikìc gr�foc me rÐza.

Oi erwt seic PPQ1 kai PPQ2 thc Eikìnac 4.1 eÐnai se kanonik  morf  . H sumpag c
morf  thc er¸thshc PPQ3 faÐnetai sthn Eikìna 4.6(bþ).

X

S

S

D

D

(aþ)

x

d

s

r

x

s

(bþ)

Sq ma 4.6: (a) Pl rhc Morf  kai (b) Sumpag c Morf  thc Er¸thshc PPQ3.

O upologismìc thc kanonik c morf c mÐac er¸thshc mporeÐ na gÐnei apodotik� apo-
makrÔnontac se opoiad pote seir� apì thn pl rh tou morf  akmèc pou mporoÔn na exaqjoÔn
apì �llec akmèc qrhsimopoi¸ntac touc sumperasmatikoÔc kanìnec IR1 kai IR2, mèqric ìtou
den eÐnai dunatì na apomakrunjoÔn �llec akmèc.

'Eqontac anafèrei ìla aut� mporoÔme sth sunèqeia na upojèsoume ìti oi erwt seic
eÐnai ikanopoi simec, se kanonik  morf , kai qwrÐc peritteÔontec kìmbouc. 'Ena spoudaÐo
qarakthristikì aut c thc je¸rhshc eÐnai ìti up�rqei mÐa topologik  di�taxh twn kìmbwn thc
er¸thshc pou ikanopoieÐ tic domikèc thc sqèseic (patèra-paidioÔ kai progìnou-apogìnou).
Autì akrib¸c to qarakthristikì eÐnai pou ja ekmetalleutoÔme sto epìmeno kef�laio gia th
sqedÐash algorÐjmwn apotÐmhshc erwt sewn monopatioÔ merik c dom c.
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4.2 Teqnikèc EpexergasÐac Erwt sewn XML me Prì-
tupa Monop�tia Merik c Dom c

'Eqontac orÐsei sto prohgoÔmeno kef�laio thn ènnoia twn erwt sewn me prìtupa monop�-
tia merik c dom c, eÐmaste plèon se jèsh na mpoÔme sto polÔ endiafèron komm�ti twn
teqnik¸n epexergasÐac autoÔ tou eÐdouc erwt sewn. Sta plaÐsia aut c thc diplwmatik c
ja asqolhjoÔme me touc basismènouc se stoÐba algorÐjmouc PartialMJ kai PartialPath-
Stack. Oi algìrijmoi autoÐ prot�jhkan apì to Sould�to kai �llouc sthn ergasÐa [17] kai
apoteloÔn thn pr¸th oloklhrwmènh prosp�jeia na antimetwpisteÐ apodotik� to prìblhma
thc apotÐmhshc erwt sewn monopatioÔ merik c dom c.

4.2.1 Eisagwgik�

'Estw q mÐa er¸thsh monopatioÔ merik c dom c se kanonik  morf  kai n o arijmìc twn
kìmbwn se aut . H sun�rthsh nodes(q) epistrèfei ìlouc touc kìmbouc sthn q. H logik 
sun�rthsh isRoot(n) eÐnai alhj c ìtan o kìmboc n den èqei eiserqìmenec akmèc sthn q,
alli¸c eÐnai yeud c. H logik  sun�rthsh isSink(n) eÐnai alhj c an o kìmboc n den èqei
exerqìmenec akmèc sthn q, alli¸c eÐnai yeud c. H sun�rthsh parents(n) epistrèfei ìlouc
touc kìmbouc sthn er¸thsh q me exerqìmenec akmèc proc ton kìmbo n.

K�je kìmboc n thc er¸thshc q pou shmaÐnetai apì to stoiqeÐo l sqetÐzetai me mÐa ro 
eisìdou Tn ìlwn twn kìmbwn (me anapar�stash kwdikopoÐhshc jèshc) pou shmaÐnontai apì
to stoiqeÐo l sto XML dèntro. Gia na èqoume prìsbash sta stoiqeÐa thc ro c Tn, diathroÔme
èna fusikì kèrsora Cn, o opoÐoc arqik� deÐqnei sto pr¸to stoiqeÐo thc Tn. Q�rin aplìthtac,
o Cn mporeÐ enallaktik� na anafèretai sto Ðdio to stoiqeÐo pou deiktodoteÐtai apì ton Cn

sth ro  Tn. Apì tic di�forec leitourgÐec pou mporoÔme na ulopoi soume me touc kèrsorec,
emeÐc periorizìmaste sthn advance(Cn), h opoÐa metakineÐ ton kèrsora sto epìmeno stoiqeÐo
thc ro c. H sun�rthsh eos(Cn) eÐnai alhj c an o Cn èqei ft�sei sto tèloc thc Tn. To
Cn.begin dhl¸nei to pedÐo start thc kwdikopoÐhshc jèshc tou Cn.

MÐa stoÐba Sn sqetÐzetai me k�je kìmbo n thc er¸thshc q. Sthn perÐptwsh tou algo-
rÐjmou PartialMJ, k�je eÐsodoc sth Sn eÐnai èna zeug�ri apì ènan kìmbo apì th ro  Tn kai
apì èna deÐkth se mÐa kat�llhlh jèsh thc stoÐbac enìc gonèa tou n sthn er¸thsh. Sthn
perÐptwsh tou algorÐjmou PartialPathStack, k�je eÐsodoc sth stoÐba Sn eÐnai èna zeÔgoc
apì ènan kìmbo apì th ro  Tn kai apì èna sÔnolo apì deÐktec se kat�llhlec jèseic twn
stoib¸n ìlwn twn goni¸n tou n sthn er¸thsh q.

H logik  sun�rthsh empty(Sn) eÐnai alhj c an h stoÐba Sn eÐnai ken , alli¸c eÐnai
yeud c. H leitourgÐa push(Sn, entry) topojeteÐ to stoiqeÐo entry sthn koruf  thc stoÐbac
Sn, en¸ h leitourgÐa pop(Sn) ex�gei to stoiqeÐo pou brÐsketai sthn koruf  thc stoÐbac
Sn. Oi sunart seic bottom(Sn) kai top(Sn) epistrèfoun th jèsh tou pujmèna kai thc
koruf c thc stoÐbac Sn antÐstoiqa. Se k�je shmeÐo kat� th di�rkeia thc ektèleshc twn
algorÐjmwn: (a) k�je stoiqeÐo se mÐa jèsh thc stoÐbac eÐnai apìgonoc sto XML dèndro
ìlwn twn stoiqeÐwn pou brÐskontai stic jèseic thc stoÐbac k�tw apì autìn, kai (b) ìloi oi
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kìmboi se mÐa stoÐba brÐskontai sto Ðdio monop�ti (apì rÐza proc fÔllo) sto XML dèndro.
EÐnai fanerì ìti pollèc apì tic ènnoiec pou eis�goume se aut n thn enìthta eÐnai  dh

gnwstèc apì to Kef�laio 3, ìpou analÔsame tic teqnikèc apotÐmhshc erwt sewn me pl rh
kajorismì thc dom c. Up�rqoun ìmwc kai shmantikèc diaforèc/epekt�seic, ìpwc gÐnetai
safèc stic enìthtec pou akoloujoÔn.

4.2.2 Algìrijmoc PartialMJ

DojeÐshc mÐac er¸thshc monopatioÔ merik c dom c, o algìrijmoc PartialMJ arqik� up-
ologÐzei èna epikalÔpton dèndro tou gr�fou thc erwt sewc. Sth sunèqeia, brÐskei tair-
i�smata gia ìla ta monop�tia apì th rÐza proc ta fÔlla tou epikalÔptontoc dèndrou p�nw
sto XML dèndro qrhsimopoi¸ntac mÐa epèktash tou algìrijmou PathStack, pou eÐdame me
leptomèreia sthn enìthta 3.3.3. Ta apotelèsmata gia k�je monop�ti tou epikalÔptontoc
dèndrou eÐnai sÔnola apì eggrafèc apì to XML dèndro pou eÐnai taxinomhmènec lexiko-
grafik� se di�taxh apì th rÐza proc ta fÔlla. Aut  h ap�ithsh mporeÐ na diasfalisteÐ me
th diadikasÐa mplokarÐsmatoc pou perigr�fhke ston PathStack. Oi eggrafèc autèc sundu�-
zontai kai sugqwneÔontai sthn poreÐa ètsi ¸ste: (a) ìloi oi kìmboi stic di�forec merikèc
lÔseic brÐskontai sto Ðdio monop�ti, kai (b) ìloi oi kìmboi stic upì sugq¸neush merikèc lÔ-
seic ikanopoioÔn tic domikèc sqèseic progìnou-apogìnou kai patèra-paidioÔ pou emfanÐzontai
sto gr�fo thc er¸thshc all� ìqi sto epikalÔpton dèndro pou qrhsimopoi same.

(aþ) XML Dèntro (bþ) Er¸thsh q

Sq ma 4.7: Par�deigma enìc monodi�statou XML dèndrou kai mÐac er¸thshc monopatioÔ
merik c dom c.

To Sq ma 4.7(bþ) deÐqnei to gr�fo mÐac er¸thshc q kai to Sq ma 4.9(aþ) apeikonÐzei èna
epikalÔpton dèndro qs thc er¸thshc q. H akm  c//d thc q leÐpei apì to qs. Opoiad pote
merik� apotelèsmata twn dÔo monopati¸n tou qs apì th rÐza proc ta fÔlla pou brÐskontai sto
Ðdio monop�ti tou XML dèndrou mporoÔn na sugqwneujoÔn gia na par�xoun èna apotèlesma
gia to q an ikanopoioÔn tic tautotikèc sunj kec stouc kìmbouc r kai a thc er¸thshc q kai
epiplèon th domik  sqèsh c//d.

O algìrijmoc PartialMJ parousi�zetai sto Sq ma 4.8. Se autìn ton algìrijmo, k�je
jèsh sth stoÐba Sn eÐnai èna zeÔgoc apì (a) ènan kìmbo apì th ro  eisìdou Tn, kai (b)
èna deÐkth ptr sth jèsh tou qamhlìterou progìnou tou sth stoÐba Sm, ìpou m o gonèac
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q: partial path query

qs: a spanning tree of q

E: the set of edges in q that do not appear in qs

Algorithm PartialMJ(q)

1: while ¬end(q) do

2: n = getNextQueryNode()

3: cleanStacks(Cn)

4: if (isRoot(n) or ∀ m ∈ parents(n): ¬empty(Sm)) then

5: moveToStack(n)

6: if isLeaf(n) then

7: showResults(Sn, top(Sn))

8: advance(Cn)

9: joinPathSolutions()

Function end()

return ∀ n ∈ nodes(q): isSink(n) ⇒ eos(Cn)

Function getNextQUeryNode()

return n ∈ nodes(q) such that Cn.begin is minimal

Procedure cleanStacks(Cn)

1: for m in nodes(q) do

2: pop all entries in Sm whose nodes are not ancestors of Cn in the XML tree

Procedure moveToStack(n)

1: ptr = pointer to top of Sm, where m is the parent of n in qs

2: push(Sn, (Cn, ptr))

Procedure joinPathSolutions()

1: order the root-to-leaf paths of qs in descending order of the level of their lowest branching node

2: merge-join the solutions of the root-to-leaf paths of qs that are on the same path of the XML tree and

satisfy the structural relationships in E

Sq ma 4.8: Algìrijmoc PartialMJ.

tou kìmbou n sto epikalÔpton dèndro thc er¸thshc. H logik  sun�rthsh isLeaf(n) eÐnai
alhj c an o kìmboc n eÐnai kìmboc fÔllo sto qs, alli¸c eÐnai yeud c.

Stic grammèc 1-8, o algìrijmoc skan�rei tic roèc eisìdou, kai brÐskei tairi�smata gia ìla
ta monop�tia apì th rÐza proc ta fÔlla pou an koun sto epikalÔpton dèndro thc er¸thshc.
H gramm  2 kajorÐzei poioc eÐnai o epìmenoc kìmboc thc er¸thshc proc epexergasÐa. H
gramm  3 ex�gei apì thn koruf  twn stoib¸n ìlouc touc kìmbouc pou de brÐskontai sto
Ðdio monop�ti me ton upì epexergasÐa kìmbo Cn p�nw sto XML dèndro. O kìmboc Cn thc
ro c eisìdou Tn eis�getai sthn koruf  thc stoÐbac Sn mìno an oi stoÐbec twn goni¸n tou
kìmbou n den eÐnai �deiec (grammèc 4-5). Me autìn ton trìpo, apofeÔgoume na apojhkeÔ-
oume sth stoÐba kai na epexergazìmaste kìmbouc pou egguhmèna de suneisfèroun sto telikì
apotèlesma. 'Otan topojetoÔme ton kìmbo Cn sthn koruf  thc stoÐbac Sn, prosjètoume
epÐshc ki èna deÐkth proc to korufaÐo stoiqeÐo thc stoÐbac Sm, ìpou m eÐnai o patèrac
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tou kìmbou n sto epikalÔpton dèndro thc er¸thshc. H gramm  6 elègqei an o kìmboc n

eÐnai fÔllo sto epikalÔpton dèndro (profan¸c ènac kìmboc pou eÐnai fÔllo sthn arqik 
er¸thsh ja eÐnai fÔllo kai sto epikalÔpton dèndro, to antÐstrofo ìmwc den isqÔei). An
o èlegqoc eÐnai jetikìc, tìte h gramm  7 kaleÐ th diadikasÐa showResults, h opoÐa par�gei
ta endi�mesa (merik�) apotelèsmata gia to antÐstoiqo monop�ti tou epikalÔptontoc dèndrou
pou katal gei ston kìmbo-fÔllo n. Aut� ta apotelèsmata taxinomoÔntai se di�taxh apì th
rÐza proc ta fÔlla, ètsi ¸ste na mporoÔn mèsa se grammikì qrìno wc proc to mègejoc touc
na sunduastoÔn kai na sugqwneutoÔn sta telik� apotelèsmata. QrhsimopoieÐtai epomènwc
k�poia teqnik  mplokarÐsmatoc twn apotelesm�twn san aut  pou priegr�fh ston algìrij-
mo PathStack. O sunduasmìc kai h sugq¸neush twn telik¸n apotelesm�twn gÐnontai sth
gramm  9. Autìc o sÔndesmoc perilamb�nei ìti (a) ta merik� apotelèsmata brÐskontai sto
Ðdio monop�ti tou XML dèndrou, (b) ta tairi�smata twn koin¸n kìmbwn sta monop�tia eÐnai
tautìshma (tautotik  shnj kh), kai (g) oi domikèc sqèseic thc er¸thshc pou den emfanÐzon-
tai sto epikalÔpton dèndro ikanopoioÔntai. 'Olec autèc oi sunj kec mporoÔn na elegqjoÔn
�mesa qrhsimopoi¸ntac thn anapar�stash jèshc twn kìmbwn sto XML dèndro.

(aþ) EpikalÔpton Dèndro qs (bþ) Sunj kec Sundèsmou (gþ) StoÐbec (dþ) Apotelèsmata

Sq ma 4.9: Par�deigma tou PartialMJ.

Par�deigma 4.6. To Sq ma 4.9(gþ) deÐqnei thn kat�stash twn stoib¸n met� thn apotÐmhsh
thc er¸thshc q tou Sq matoc 4.7(bþ) p�nw sta monodi�stata XML dedomèna tou Sq matoc
4.7(aþ). To Sq ma 4.9(aþ) deÐqnei to epikalÔpton dèndro qs thc q, to opoÐo qrhsimopoieÐtai apì
ton algìrijmo apotÐmhshc. Efìson h domik  sqèsh c//d thc q den emfanÐzetai sto qs, den
up�rqoun deÐktec apì th stoÐba Sd sth stoÐba Sc. Ta apotelèsmata gia to aristerì monop�ti
tou qs eÐnai {ra1b1d1, ra2b1d1}, en¸ aut� gia to dexÐ monop�ti eÐnai {ra1c1e1, ra2c1e1}. Mpo-
reÐ t¸ra eÔkola na dei kaneÐc pwc apì ta tèssera dunat� zeÔgh apotelesm�twn mìno dÔo
mporoÔn na sunduastoÔn kai na sugqwneutoÔn, ta opoÐa parousi�zontai sto Sq ma 4.9(dþ).
2

Sqèseic Patèra-PaidioÔ. O algìrijmoc pou parousi�sthke prohgoumènwc eÐnai
sqediasmènoc gia thn apotÐmhsh erwt sewn pou den perièqoun sqèseic patèra-paidioÔ. Sthn
parousÐa twn sqèsewn aut¸n, dÔo allagèc prèpei na gÐnoun. Pr¸ton, ìpote ènac kìmboc
Cb apì mÐa ro  Tb eÐnai upì epexergasÐa, kai h a/b eÐnai mÐa sqèsh patèra-paidioÔ sthn
er¸thsh, o kìmboc Cb topojeteÐtai sth stoÐba Sb mìno an o gonikìc tou kìmboc sto XML
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dèndro emfanÐzetai (sthn koruf ) sth stoÐba Sa. DeÔteron, kat� ton upologismì twn
apotelesm�twn enìc monopatioÔ apì th rÐza se k�poio fÔllo tou epikalÔptontoc dèndrou
thc er¸thshc, ènac kìmboc sth stoÐba Sb emfanÐzetai sta apotelèsmata gia to monop�ti
mìno aut� perièqoun epÐshc apì th stoÐba Sa to gonèa tou sto XML dèndro.

An�lush tou PartialMJ. O algìrijmoc PartialMJ gemÐzei tic stoÐbec se èna monadikì
pèrasma twn ro¸n eisìdou. Epipleìn, qrhsimopoieÐ th diadikasÐa showResults gia na par�gei
apotelèsmata gia k�je monop�ti apì th rÐza proc èna fÔllo tou epikalÔptontoc dèndrou thc
er¸thshc. Aut  h diadikasÐa èqoume  dh apodeÐxei sthn Enìthta ?? ìti eÐnai bèltisth gia thn
apotÐmhsh erwt sewn monopatioÔ. Wstìso, mporeÐ na up�rqoun sunduasmoÐ apì apotelès-
mata sta di�fora monop�tia tou epikalÔptontoc dèndrou pou den mporoÔn na sunduastoÔn
gia na d¸soun k�poio apotèlesma sth arqik  er¸thsh. ExaitÐac twn endi�meswn apote-
lesm�twn, o algìrijmoc autìc den eÐnai asumptwtik� bèltistoc. Profan¸c, sthn perÐptwsh
pou h er¸thsh ekfulÐzetai se mÐa er¸thsh me prìtupo morf c monopatioÔ, o algìrijmoc
PartialMJ eÐnai asumptwtik� bèltistoc.

4.2.3 Algìrijmoc PartialPathStack

Gia na apofÔgoume to prìblhma twn endi�meswn apotelesm�twn tou PartialMJ, h er-
gasÐa [17] proteÐnei ènan kainoÔrio olikì algìrijmo basismèno se stoÐbec gia thn apotÐmhsh
erwt sewn monopatioÔ merik c dom c. Se antÐjesh me ton PartialMJ, o PartialPathStack
den aposunjètei thn arqik  er¸thsh se apl� monop�tia, all� prospajeÐ na tairi�xei to
gr�fo thc er¸thshc sta XML dedomèna sunolik�.

To kÔrio qarakthristikì tou algorÐjmou autoÔ eÐnai ìti qrhsimopoieÐ mÐa topologik 
di�taxh twn kìmbwn thc er¸thshc,  toi mÐa grammik  di�taxh twn kìmbwn pou sèbetai th
merik  di�taxh, ìpwc aut  prokÔptei apì tic domikèc sqèseic sto gr�fo thc er¸thshc. O
algìrijmoc PartialPathStack apeikonÐzetai sto Sq ma 4.10.

O nèoc algìrijmoc diaqeirÐzetai tic roèc eisìdou kai tic stoÐbec ìpwc o prohgoÔmenoc
algìrijmoc PartialMJ. H mình diafor� sunÐstatai sth qr sh enìc sunìlou apì deÐktec proc
tic stoÐbec ìlwn twn gonèwn enìc kìmbou pou prostÐjetai (sthn koruf ) se mÐa stoÐba, antÐ
thc qr shc enìc mìno deÐkth sto monadikì gonèa pou kajorÐzetai apì to epikalÔpton dèndro
thc er¸thshc. 'Opote ènac kìmboc Cn thc ro c Tn topojeteÐtai sth stoÐba, an autìc o
kìmboc antistoiqeÐ se kìmbo-katabìjra (qwrÐc exerqìmenec akmèc) thc er¸thshc, tìte o
algìrijmoc elègqei an mporoÔn na paraqjoÔn apotelèsmata. H èxodoc par�getai se mÐa
anestrammènh topologik  di�taxh, ètsi ¸ste h stoÐba enìc kìmbou tÐjetai upì epexergasÐa
afoÔ oi kìmboi paidi� tou sth er¸thsh èqoun tejeÐ upì epexergasÐa. Gia na apofÔgoume thn
peritt  paragwg  apotelesm�twn, o algìrijmoc ex�gei se autì to shmeÐo mìno apotelès-
mata pou perièqoun ton kìmbo Cn. H diadikasÐa outputResults sundu�zei kìmbouc apì ìlec
tic stoÐbec gia na sqhmatÐsei ta apotelèsmata. Kanènac �lloc kìmboc thc stoÐbac Sn de
qrhsimopoieÐtai se autì to shmeÐo gia na dhmiourg sei nèa apotelèsmata gia th er¸thsh
(grammèc 7-8). 'Oloi oi kìmboi apì stoÐbec pou den antistoiqoÔn se kìmbouc−katabìjrec
thc er¸thshc mpotoÔn na qrhsimopoihjoÔn an autoÐ (  kìmboi pio yhl� sth stoÐba) deik-
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todotoÔntai apì kìmbouc stic stoÐbec ìlwn twn paidi¸n tou kìmbou n sthn er¸thsh (grammèc
12-15).

Par�deigma 4.7. To Sq ma 4.11(bþ) deÐqnei thn kat�stash twn stoib¸n met� thn apotÐmhsh
thc er¸thshc q tou Sq matoc 4.7(bþ) p�nw sta monodi�stata XML dedomèna tou Sq matoc
4.7(aþ). 'Otan o kìmboc d1 topojeteÐtai sth stoÐba Sd, nèa apotelèsmata pou perilamb�noun
ton kìmbo d1 mporoÔn na paraqjoÔn sÔmfwna kai me thn topologik  di�taxh tou Sq matoc
4.11(aþ). Ta apotelèsmata thc er¸thshc brÐskontai sto Sq ma 4.11(gþ). 2

Gia na epexergastoÔme erwt seic me sqèseic patèra-paidioÔ, prèpei na tropopoi soume
th diadikasÐa apoj keushc stic stoÐbec kai th sunènwsh/sugq¸neush twn apotelesm�twn,
ìpwc exhg same ston algìrijmo PartialMJ.

An�lush tou PartialPathStack. MporoÔme na parathr soume ìti (a) k�je kìmboc
Cn mÐac ro c eisìdou Tn mporeÐ na topojethjeÐ sth stoÐba Sn mìno afoÔ pr¸ta oi prìgonoÐ
tou sto XML dèndro èqoun jewrhjeÐ (diadikasÐa getNextQueryNode, kai (b) ènac kìmboc
den ex�getai apì th stoÐba ektìc ki an o trèqwn kìmboc Cn emfanÐzetai se diaforetikì
monop�ti sto XML dèndro (diadikasÐa cleanStacks). Basismènoi se autèc tic parathr seic,
mporoÔme na deÐxoume to epìmeno l mma:

L mma 4.4. Oi kìmboi se èna apotèlesma mÐac er¸thshc emfanÐzontai stic stoÐbec tou
algìrijmou PartialPathStack tautìqrona se k�poio shmeÐo kat� thn ektèles  tou. 2

QrhsimopoioÔme to parap�nw l mma gia na deÐxoume thn orjìthta kai plhrìthta tou
algìrijmou:

Je¸rhma 4.20. Dojèntwn miac er¸thshc me prìtupo monop�ti merik c dom c q kai enìc
XML dèntrou T, o algìrijmoc PathPathStack orj� epistrèfei ìlec tic apant seic gia to q
p�nw sto T. 2

Dojèntwn miac er¸thshc me prìtupo monop�ti merik c dom c q kai enìc XML dèntrou
T, èstw eÐsodoc to �jroisma twn megej¸n twn ro¸n eisìdou, èxodoc to �jroisma twn apote-
lesm�twn thc er¸thshc q p�nw sto T , bajmìc eisìdou o mègistoc arijmìc eiserqìmenwn
akm¸n se k�poion kìmbo thc er¸thshc q, bajmìc exìdou o mègistoc arijmìc exerqìmen-
wn akm¸n apì k�poion kìmbo thc er¸thshc, kai mègisto monop�ti to mègisto m koc enìc
monopatioÔ sto T apì th rÐza proc k�poio fÔllo tou dèntrou.

Je¸rhma 4.21. O algìrijmoc PartialPathStack èqei qeirìterh I/O kai CPU qronik 
poluplokìthta Ðsh me O(bajmìc eisìdou * eÐsodoc, bajmìc exìdou * èxodoc). H qeirìterh
qwrik  tou poluplokìthta eÐnai Ðsh me O(bajmìc eisìdou * min(eÐsodoc, mègisto monop�ti}.
2

To prohgoÔmeno je¸rhma uponoeÐ ìti o PartialPathStack eÐnai asumptwtik� bèltistoc
an o bajmìc eisìdou kai o bajmìc exìdou eÐnai fragmènoi apì k�poia stajer�. Profan¸c,
sthn perÐptwsh erwt sewn twn opoÐwn o gr�foc eÐnai dèntro ki ìqi apl� gr�foc, mìno o
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bajmìc exìdou qrei�zetai na fraqjeÐ apì k�poia stajer� gia na epitÔqoume asumptwtik 
beltistìthta. Se k�je perÐptwsh, o PartialPathStack de dhmiourgeÐ �qrhsta endi�mesa
apotelèsmata.
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q: partial path query with N nodes

Algorithm PartialPathStack(q)

1: extract a topological order 1..N of the query nodes

2: while ¬end(q) do

3: n = getNextQueryNode()

4: cleanStacks(Cn)

5: if (isRoot(n) or ∀ m ∈ parents(n): ¬empty(Sm)) then

6: moveToStack(n)

7: if isSink(n) and ∀ m ∈ nodes(q): isSink(m) ⇒ ¬empty(Sm) then

8: if (n == N then

9: outputResults(n, N , top(SN ))

10: else

11: for i = bottom(SN ) to top(SN ) do

12: outputResults(n, N , i)

13: advance(Cn)

Procedure moveToStack(n)

1: ptrs = pointers to top of all parents(n) in q

2: push(Sn, (Cn, ptrs))

Procedure outputResults(sinkNode, m, stackPos)

1: solution[m] = stackPos

2: if (m = 1) then

3: output (S1[solution[1]], ..., SN [solution[N]])

4: else

5: for a in parents(m) do

6: Sa.pointerFrom[m] = Sm[stackPos].pointer to a

7: if (m-1 = sinkNode) then

8: outputResults(sinkNode, m-1, top(Sm−1))

9: else if (isSink(m-1)) then

10: for i = bottom(Sm−1) to top(Sm−1) do

11: outputResults(sinkNode, m-1, i)

12: else

13: maxHeight = minargd{Sm−1.pointerFrom[d]}
14: for i = bottom(Sm−1) to maxHeight do

15: outputResults(sinkNode, m-1, i)

Sq ma 4.10: Algìrijmoc PartialPathStack.
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(aþ) Topologik 
Di�taxh

(bþ) StoÐbec (gþ) Apotelèsmata

Sq ma 4.11: Par�deigma tou PartialPathStack.



Kef�laio 5

Teqnikèc Leptomèreiec

To kef�laio autì apopeir�tai na d¸sei mÐa sÔnoyh twn teqnik¸n leptomerei¸n twn
ulopoihmènwn algorÐjmwn, sugkekrimèna tou PathStack me all� kai qwrÐc mplok�risma
apotelesm�twn, tou PartialMJ kai tou PartialPathStack. Dedomènou ìti sta plaÐsia thc
diplwmatik c den ulopoi jhke k�poio polÔploko sÔsthma, all� o prosanatolismìc  tan
olof�nera proc th melèth kai sÔgkrish twn en lìgw algorÐjmwn, oi teqnikèc leptomèreiec
èqoun kurÐwc na k�noun me ta qrhsimopoihjènta programmatistik� ergaleÐa kai me thn peri-
graf  twn kl�sewn pou apartÐzoun to sÔsthma. AkoloujeÐ sth sunèqeia h perigraf  touc.

5.1 Programmatistik� ergaleÐa

To sÔsthma ulopoi jhke sth gl¸ssa programmatismoÔ C++. H epilog  thc sug-
kekrimènhc gl¸ssac programmatismoÔ gia to sÔsthm� mac ofeÐletai stouc ex c lìgouc:

• TaqÔthta, thn opoÐa kai klhronomeÐ apì th gl¸ssa C. To ulopoihmèno sÔsthma
dhmiourg jhke gia th melèth kai sÔgkrish diaforetik¸n algorÐjmwn, ìpou autì pou
kurÐwc anamènoume apì th gl¸ssa programmatismoÔ eÐnai na par�gei k¸dika pou trè-
qei gr gora. 'Alla stoiqeÐa, ìpwc to GUI   h diasÔndesh susthm�twn p�nw apì to
diadÐktuo, de mac endiafèroun sto plaÐsio thc paroÔsac diplwmatik c.

• Prosanatolismìc proc to antikeÐmeno. H C++ prosfèrei stoiqeÐa antikeimenostre-
foÔc programmatismoÔ, ìpwc oi kl�seic   h klhronomikìthta, oi opoÐec mporoÔn na
dieukolÔnoun shmantik� thn org�nwsh kai an�ptuxh tou sust matoc.

• EpanaqrhsimopoÐhsh. Di�forec kl�seic pou qrhsimopoi jhkan sto sÔsthma eÐqan  dh
grafeÐ se C++, oi opoÐec kai qrhsimopoi jhkan autoÔsiec   elafr¸c allagmènec.

• Biblioj kec. H tupopoÐhsh thc C++ èrqetai me mÐa seir� apì biblioj kec pou orÐzoun
mÐa seir� apì domèc dedomènwn kai sunart seic/leitourgÐec p�nw stic domèc autèc.
StoiqeÐa apì tic biblioj kec qrhsimopoi jhkan ekten¸c sto parìn sÔsthma kai sunè-
balan shmantik� sthn aplopoÐhsh tou k¸dika.
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O metaglwttist c pou qrhsimopoi jhke gia th dhmiourgÐa tou ektelèsimou k¸dika apì
ta C++ phgaÐa arqeÐa  tan o g++,   alli¸c GNU C++, o opoÐoc eÐnai mèroc thc souÐtac
metaglwttist¸n GNU. Dedomènou ìti h souÐta metaglwttist¸n GNU afor� sust mata
tÔpou UNIX, en¸ to diajèsimo leitourgikì sÔsthma  tan to Microsoft Windows Vista,
trèxame ton en lìgw metaglwttist  mèsa apì to logismikì Cygwin, to opoÐo epitrèpei se
leitourgik� tÔpou Microsoft Windows na sumperifèrontai me qarakthristik� susthm�twn
tÔpou UNIX.

Tèloc, shmei¸noume ìti qrhsimopoi jhke kai èna arqeÐo grammèno sth gl¸ssa Java, to
RegionEncoding.java, tou opoÐou h leitourgÐa ja exhghjeÐ sthn epìmenh enìthta.

5.2 Perigraf  twn kl�sewn

Sthn enìthta aut  anafèrontai oi kl�seic pou apartÐzoun to sÔsthma pou ulopoi same,
me plhroforÐec gia ta pedÐa touc, tic mejìdouc touc kai ta antÐstoiqa arqeÐa. EpÐshc,
anafèrontai kai ta epiplèon arqeÐa tou sust matoc mazÐ me th qrhsimìtht� touc.

5.2.1 public class Tag

H kl�sh aut  perigr�fei ènan kìmbo tou XML dèndrou p�nw sto opoÐo k�noume thn
er¸thsh. Perièqontai pedÐa gia thn kwdikopoÐhsh jèshc kaj¸c kai gia th s mansh tou
stoiqeÐou pou perièqei, kaj¸c kai antÐstoiqec mejìdouc.

PedÐa

• private unsigned int element

To stoiqeÐo (h s mansh tou stoiqeÐou) pou perièqei o kìmboc.

• private unsigned int start

H idiìthta start thc kwdikopoÐhshc jèshc.

• private unsigned int end

H idiìthta end thc kwdikopoÐhshc jèshc.

• private unsigned int level

H idiìthta level thc kwdikopoÐhshc jèshc.

• private unsigned int docID

H idiìthta docID thc kwdikopoÐhshc jèshc.

Mèjodoi

• public void setElement(unsigned int element)

Mèjodoc pou jètei th s mansh tou stoiqeÐou tou kìmbou sthn tim  element.
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• public void setStart(unsigned int start)

Mèjodoc pou jètei thn idiìthta start tou kìmbou sthn tim  start.

• public void setEnd(unsigned int end)

Mèjodoc pou jètei thn idiìthta end tou kìmbou sthn tim  end.

• public void setLevel(unsigned int level)

Mèjodoc pou jètei thn idiìthta level tou kìmbou sthn tim  level.

• public void setDocID(unsigned int docID)

Mèjodoc pou jètei thn idiìthta docID tou kìmbou sthn tim  docID.

• public unsigned int getElement()

Mèjodoc pou epistrèfei th s mansh tou stoiqeÐou pou perièqei o kìmboc.

• public unsigned int getStart()

Mèjodoc pou epistrèfei thn tim  thc idiìthtac start tou kìmbou.

• public unsigned int getEnd()

Mèjodoc pou epistrèfei thn tim  thc idiìthtac end tou kìmbou.

• public unsigned int getLevel()

Mèjodoc pou epistrèfei thn tim  thc idiìthtac level tou kìmbou.

• public unsigned int getDocID()

Mèjodoc pou epistrèfei thn tim  thc idiìthtac docID tou kìmbou.

C++ ArqeÐa

• Tag.h (diaproswpeÐa)

• Tag.cpp (ulopoÐhsh)

5.2.2 public class Tree

H kl�sh aut  perigr�fei to XML dèndro p�nw sto opoÐo k�noume thn er¸thsh. Per-
ièqontai pedÐa kai antÐstoiqec mèjodoi gia touc kìmbouc pou perièqei to dèndro, tic domikèc
sqèseic progìnou-apogìnou kai gonèa-paidioÔ metaxÔ twn stoiqeÐwn tou, kaj¸c tic roèc pou
antistoiqoÔn se k�je s mansh stoiqeÐou pou perièqei. QrhsimopoieÐ thn kl�sh Tag.
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PedÐa

• private unsigned int nNodes

O arijmìc twn kìmbwn pou perièqei to dèntro.

• private unsigned int nElements

O arijmìc twn diaforetik¸n shm�nsewn stoiqeÐwn pou perièqei to dèntro.

• private unsigned int height

To Ôyoc tou dèntrou.

• private unsigned int id

H tautìthta tou dèntrou.

• private vector <unsigned int> treeNodes

To sÔnolo twn kìmbwn tou dèntrou.

• private map <unsigned int, unsigned int> node2element

H antistoÐqish twn kìmbwn sth s mansh twn stoiqeÐwn pou perièqoun.

• private multimap <unsigned int, unsigned int> parent2Child

H antistoÐqish twn kìmbwn gonèwn stouc kìmbouc paidi�.

• private map <unsigned int, unsigned int> child2Parent

H antistoÐqish twn kìmbwn paidi¸n stouc kìmbouc goneÐc.

• private map <unsigned int, deque <Tag> > streams

H antistoÐqish thc s manshc enìc stoiqeÐou stouc kìmbouc tou dèntrou me aut  th
s mansh (oi roèc tou perigr�yame sto kef�laio 3).

Mèjodoi

• private void createTag(int currentNode, unsigned int *index, unsigned int level)

Eswterik  mèjodoc pou qrhsimopoieÐtai sthn kataskeu  twn ro¸n.

• private void printTag(int currentNode, int level, ofstream *file)

Eswterik  mèjodoc pou qrhsimopoieÐtai sthn kataskeu  twn ro¸n.

• public void setNElements(unsigned int nElements)

Mèjodoc pou jètei ton arijm¸n twn diaforetik¸n shm�nsewn stoiqeÐwn tou dèntrou
sthn tim  nElements.

• public void setNNodes(unsigned int nNodes)

Mèjodoc pou jètei ton arijmì twn kìmbwn tou dèntrou sthn tim  nNodes.
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• public void setHeight(unsigned int height)

Mèjodoc pou jètei to Ôyoc tou dèntrou sthn tim  height.

• public void setID(unsigned int id)

Mèjodoc pou jètei thn tautìthta tou dèntrou sthn tim  id.

• public unsigned int getNElements()

Mèjodoc pou epistrèfei ton arijmì twn diaforetik¸n shm�nsewn twn stoiqeÐwn tou
dèntrou.

• public unsigned int getNNodes()

Mèjodoc pou epistrèfei ton arijmì twn kìmbwn tou dèntrou.

• public unsigned int getHeight()

Mèjodoc pou epistrèfei to Ôyoc tou dèntrou.

• public unsigned int getID()

Mèjodoc pou epistrèfei thn tautìthta tou dèntrou.

• public void addNode(unsigned int node, unsigned int element)

Mèjodoc pou prosjètei sto dèntro ton kìmbo node pou shmaÐnetai apì to stoiqeÐo
element.

• public unsigned int countNodes()

Mèjodoc pou metr�ei ton arijmì twn kìmbwn tou dèntrou kai epistrèfei thn tim  thc
mètrhshc.

• public const vector <unsigned int> getNodes()

Mèjodoc pou epistrèfei touc kìmbouc tou dèntrou.

• public unsigned int getElement(unsigned int node)

Mèjodoc pou epistrèfei to stoiqeÐo apì to opoÐo shmaÐnetai o kìmboc node.

• public void addEdge(unsigned int node1, unsigned int node2)

Mèjodoc pou prosjètei sto dèntro mÐa akm  apì ton kìmbo node1 ston kìmbo node2.

• public const vector <unsigned int> getChildren(unsigned int node)

Mèjodoc pou epistrèfei ta paidi� tou kìmbou node.

• public int getParent(unsigned int node)

Mèjodoc pou epistrèfei to gonèa tou kìmbou node.

• public void extractStreams()

Mèjodoc pou ex�gei tic roèc, metafr�zontac touc kìmbouc se roèc dedomènwn.
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• public void extractNodes()

Mèjodoc pou ex�gei touc kìmbouc, metafr�zontac tic roèc dedomènwn se kìmbouc.

• public void streamPushBack(unsigned int element, Tag tag)

Mèjodoc pou topojeteÐ sth ro  dedomènwn pou antistoiqeÐ sto stoiqeÐo (s mansh)
element ton kìmbo pou perigr�fetai me tag.

• public const deque<Tag> getStream(unsigned int element)

Mèjodoc pou epistrèfei th ro  dedomènwn pou antistoiqeÐ sth s mansh element.

C++ ArqeÐa

• Tree.h (diaproswpeÐa)

• Tree.cpp (ulopoÐhsh)

5.2.3 public class PP

H kl�sh aut  perigr�fei thn er¸thsh monopatioÔ, olik c   merik c dom c, pou prospa-
joÔme na tairi�xoume sto XML dèndro. Perièqontai pedÐa kai antÐstoiqec mèjodoi gia touc
kìmbouc pou perièqei h er¸thsh, kaj¸c kai gia tic domikèc sqèseic progìnou-apogìnou kai
gonèa-paidioÔ metaxÔ twn kìmbwn thc.

PedÐa

• private unsigned int id

H tautìthta thc er¸thshc.

• private vector <unsigned int> ppNodes

To di�nusma twn pou apartÐzoun thn er¸thsh.

• private map <unsigned int, unsigned int> node2element

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc kai twn stoiqeÐwn apì ta opoÐa
shmaÐnontai.

• private static const unsigned int maxNodes = 101

O mègistoc arijmìc twn kìmbwn se mÐa er¸thsh.

• private int parentMatrix[maxNodes]

O pÐnakac pou gia k�je kìmbo thc er¸thshc dÐnei ton kìmbo gonèa. QrhsimopoieÐtai
mìno gia domikèc sqèseic gonèa-paidioÔ.

• private int childMatrix[maxNodes]

O pÐnakac pou gia k�je kìmbo thc er¸thshc dÐnei ton kìmbo gonèa. QrhsimopoieÐtai
mìno gia domikèc sqèseic gonèa-paidioÔ.
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• private map <unsigned int, unsigned int> parent2Child

H antistoÐqish twn kìmbwn thc er¸thshc sta paidi� touc. QrhsimopoieÐtai mìno gia
domikèc sqèseic gonèa-paidioÔ.

• private map <unsigned int, unsigned int> child2Parent

H antistoÐqish twn kìmbwn thc er¸thshc stouc goneÐc touc. QrhsimopoieÐtai mìno gia
domikèc sqèseic gonèa-paidioÔ.

• private bool ancDescMatrix[maxNodes][maxNodes]

O pÐnakac pou gia k�je zeÔgoc kìmbwn thc er¸thshc èqei tim  TRUE an oi kìmboi
èqoun sqèsh progìnou-apogìnou, alli¸c FALSE. QrhsimopoieÐtai mìno gia domikèc
sqèseic progìnou-apogìnou.

• private vector<unsigned int> ancestorVector[maxNodes]

To di�nusma pou perièqei touc progìnouc kìmbouc k�je kìmbou thc er¸thshc. Qrhsi-
mopoieÐtai mìno gia domikèc sqèseic progìnou-apogìnou.

• private vector<unsigned int> descendantVector[maxNodes]

To di�nusma pou perièqei touc apogìnouc kìmbouc k�je kìmbou thc er¸thshc. Qrhsi-
mopoieÐtai mìno gia domikèc sqèseic progìnou-apogìnou..

• private multimap <unsigned int, unsigned int> anc2Desc

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc kai twn apogìnwn kìmbwn touc.
QrhsimopoieÐtai mìno gia domikèc sqèseic progìnou-apogìnou.

• private multimap <unsigned int, unsigned int> desc2Anc

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc kai twn progìnwn kìmbwn touc.
QrhsimopoieÐtai mìno gia domikèc sqèseic progìnou-apogìnou.

Mèjodoi

• public unsigned int getID()

Mèjodoc pou epistrèfei thn tautìthta thc er¸thshc monopatioÔ.

• public void addNode(unsigned int node, unsigned int element)

Mèjodoc pou prosjètei sth dom  thc er¸thshc ton kìmbo node pou shmaÐnetai apì
to stoiqeÐo element.

• public unsigned int countNodes()

Mèjodoc pou epistrèfei ton arijmì twn kìmbwn thc er¸thshc.

• public const vector <unsigned int> getNodes()

Mèjodoc pou epistrèfei se èna di�nusma touc kìmbouc pou apartÐzoun thn er¸thsh.
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• public unsigned int getElement(unsigned int node)

Mèjodoc pou epistrèfei to stoiqeÐo apì to opoÐo shmaÐnetai o kìmboc node.

• public bool isSink(unsigned int node)

Mèjodoc pou epistrèfei TRUE, an o kìmboc node eÐnai kìmboc katabìjra, alli¸c
FALSE.

• public bool isSource(unsigned int node)

Mèjodoc pou epistrèfei TRUE, an o kìmboc node eÐnai kìmboc phg , alli¸c FALSE.

• public bool thereIsSingleArrow(unsigned int parent, unsigned int child)

Mèjodoc pou epistrèfei TRUE, an o kìmboc parent kai o kìmboc child sundèontai me
sqèsh gonèa-paidioÔ, alli¸c FALSE.

• public bool addSingleArrow(unsigned int parent, unsigned int child)

Mèjodoc pou prosjètei mÐa sqèsh gonèa-paidioÔ metaxÔ twn kìmbwn parent kai child.

• public void removeSingleArrow(unsigned int parent, unsigned int child)

Mèjodoc pou afaireÐ th sqèsh gonèa-paidioÔ metaxÔ twn kìmbwn parent kai child.

• public unsigned int countSingleArrows()

Mèjodoc pou epistrèfei ton arijmì twn domik¸n sqèsewn gonèa-paidioÔ thc er¸thshc.

• public const map<unsigned int, unsigned int>::iterator getSingleArrow(unsigned int
index)

Mèjodoc pou epistrèfei thn index-ost  sqèsh gonèa-paidioÔ mèsa sto pedÐo paren-
t2Child.

• public const map<unsigned int, unsigned int> getSingleArrows()

Mèjodoc pou epistrèfei ìlec tic domikèc sqèseic gonèa-paidioÔ sthn er¸thsh se morf 
antistoÐqishc apì touc kìmbouc goneÐc stouc kìmbouc paidi�.

• public int getChild(unsigned int node)

Mèjodoc pou epstrèfei to paidÐ tou kìmbou node.

• public int getParent(unsigned int node)

Mèjodoc pou epistrèfei to gonèa tou kìmbou node.

• public bool thereIsDoubleArrow(unsigned int ancestor, unsigned int descendant)

Mèjodoc pou epistrèfei TRUE, an o kìmboc ancestor kai o kìmboc descendant
sundèontai me sqèsh progìnou-apogìnou, alli¸c FALSE.
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• public bool addDoubleArrow(unsigned int ancestor, unsigned int descendant)

Mèjodoc pou prosjètei mÐa sqèsh progìnou-apogìnou metaxÔ twn kìmbwn ancestor
kai descendant.

• public void removeDoubleArrow(unsigned int ancestor, unsigned int descendant)

Mèjodoc pou afaireÐ th sqèsh progìnou-apogìnou metaxÔ twn kìmbwn ancestor kai
descendant.

• public unsigned int countDoubleArrows()

Mèjodoc pou epistrèfei ton arijmì twn domik¸n sqèsewn progìnou-apogìnou thc
er¸thshc.

• public const multimap <unsigned int, unsigned int>::iterator getDoubleArrow(unsigned
int index)

Mèjodoc pou epistrèfei thn index-ost  antistoÐqish sqèsewn progìnou-apogìnou
mèsa sto pedÐo anc2Desc.

• public const multimap <unsigned int, unsigned int> getDoubleArrows()

Mèjodoc pou epistrèfei ìlec tic domikèc sqèseic progìnou-apogìnou sthn er¸thsh
se morf  antistoÐqishc apì touc kìmbouc progìnouc stouc kìmbouc apogìnouc.

• public const vector<unsigned int> getDescendants(unsigned int node)

Mèjodoc pou epistrèfei se èna di�nusma touc apogìnouc kìmbouc tou kìmbou node.

• public const vector<unsigned int> getAncestors(unsigned int node)

Mèjodoc pou epistrèfei se èna di�nusma touc progìnouc kìmbouc tou kìmbou node.

• public bool hasDescendants(unsigned int node)

Mèjodoc pou epistrèfei TRUE, an o kìmboc node èqei apogìnouc, alli¸c FALSE.

• public bool hasAncestors(unsigned int node)

Mèjodoc pou epistrèfei TRUE, an o kìmboc node èqei progìnouc, alli¸c FALSE.

C++ ArqeÐa

• PP.h (diaproswpeÐa)

• PP.cpp (ulopoÐhsh)
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5.2.4 public class FileParser

H kl�sh aut  perièqei mejìdouc (all� ìqi pedÐa) pou paÐrnoun wc eÐsodo tic dieujÔnseic
twn arqeÐwn pou perièqoun ta dedomèna eisìdou, ta opoÐa mporoÔn na perigr�foun èna apì
ta ex c trÐa pr�gmata:

1. To dèntro p�nw sto opoÐo jèloume na tairi�xoume thn er¸thsh monopatioÔ. Se aut n
thn perÐptwsh ta dedomèna eisìdou perièqoun touc kìmbouc tou dèntrou, ta antÐstoiqa
stoiqeÐa apì ta opoÐa shmaÐnontai, kaj¸c kai th dendrik  di�taxh twn en lìgw kìmbwn.
Lìgw tou ìti oi exetazìmenoi algìrijmoi apaitoÔn ta dedomèna se org�nwsh list¸n
anestrammènou eurethrÐou, h morf  aut  eisìdou qrei�zetai epiplèon epexergasÐa gia
na p�roume tic roèc dedomènwn pou antistoiqoÔn se k�je stoiqeÐo s manshc.

2. Tic roèc dedomènwn, oi opoÐec gia k�je stoiqeÐo s manshc perièqoun thn plhroforÐa
thc kwdikopoÐhshc jèshc (se aÔxousa di�taxh thc tim c start) ìlwn twn kìmbwn tou
dèntrou pou shmaÐnontai apì to stoiqeÐo autì. Sthn perÐptwsh aut  ta dedomèna
eisìdou èqoun th morf  twn list¸n anestrammènou eurethrÐou, ètsi de qrei�zontai
peraitèrw epexergasÐa gia na p�roume tic roèc eisìdou, pou apoteloÔn basikèc domèc
dedomènwn twn exetazìmenwn algorÐjmwn. Prìkeitai loipìn gia thn plèon bolik 
morf  anapar�stashc twn dedomènwn tou dèndrou.

3. Thn er¸thsh monopatioÔ pou jèloume na tairi�xoume sto dèntro dedomènwn. Se aut n
thn perÐptwsh ta dedomèna eisìdou perièqoun touc kìmbouc thc er¸thshc, ta antÐs-
toiqa stoiqeÐa apì ta opoÐa shmaÐnontai, kaj¸c kai tic domikèc sqèseic metaxÔ twn
kìmbwn.

QrhsimopoieÐ tic kl�seic Tree kai PP.

Mèjodoi

• public Tree* readTree(char* folder, unsigned int nElements, unsigned int nNodes,
unsigned int height, unsigned int id)

Mèjodoc pou diab�zei ta dendrik� dedomèna, ìtan eÐnai sth morf  (1). Oi par�metroi
folder, nElements, nNodes, height, id kajorÐzoun th dieÔjunsh tou arqeÐou me ta
dedomèna eisìdou. Epistrèfei èna deÐkth se èna antikeÐmeno tÔpou Tree, afoÔ o tÔpoc
autìc qrhsimopoieÐtai apì to sÔsthm� mac gia thn perigraf  twn dendrik¸n dedomènwn
eisìdou.

• public Tree* readStreamFile(char* folder, unsigned int nElements, unsigned int nN-
odes, unsigned int height, unsigned int id)

Mèjodoc pou diab�zei ta dendrik� dedomèna, ìtan eÐnai sth morf  (2). Oi par�metroi
folder, nElements, nNodes, height, id kajorÐzoun th dieÔjunsh tou arqeÐou me ta
dedomèna eisìdou. Epistrèfei èna deÐkth se èna antikeÐmeno tÔpou Tree. Epistrèfei
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èna deÐkth se èna antikeÐmeno tÔpou Tree, afoÔ o tÔpoc autìc qrhsimopoieÐtai apì to
sÔsthm� mac gia thn perigraf  twn dendrik¸n dedomènwn eisìdou.

• public PP* readPTPQ(char* folder, unsigned int tID, unsigned int qID, unsigned
int nPP, unsigned int nNodes, unsigned int nSArrows, unsigned int nDArrows)

Mèjodoc pou diab�zei dedomèna pou aforoÔn thn er¸thsh monopatioÔ, kai ta opoÐa
eÐnai p�nta sth morf  (3). Oi par�metroi folder, tID, qID, nPP, nNodes, nSArrows,
nDArrows kajorÐzoun th dieÔjunsh tou arqeÐou me ta dedomèna eisìdou. Epistrèfei
èna deÐkth se èna antikeÐmeno tÔpou PP, afoÔ o tÔpoc autìc qrhsimopoieÐtai apì to
sÔsthm� mac gia thn perigraf  twn erwt sewn monopatioÔ pou jèloume na tairi�xoume
p�nw sta dendrik� dedomèna eisìdou.

C++ ArqeÐa

• FileParser.h (diaproswpeÐa)

• FileParser.cpp (ulopoÐhsh)

5.2.5 public class PathStack

H kl�sh aut  afor� ton algìrijmo PathStack. Perièqontai pedÐa gia tic domèc dedomè-
nwn pou qrhsimopoieÐ, kaj¸c kai mèjodoi pou perigr�foun ta di�fora algorijmik� b mata.
QrhsimopoieÐ thn kl�sh FileParser.

PedÐa

• private list < list <Tag> > results

Se aut  th dom  apojhkeÔontai ta apotelèsmata thc er¸thshc monopatioÔ pou ex�gei
o algìrijmoc.

• private PP * pp

DeÐkthc sthn er¸thsh monop�ti pou jètoume sto sÔsthma.

• private list<Tag> outputVector

H dom  aut  qrhsimopoieÐtai bohjhtik� sthn ekdoq  tou algìrijmou qwrÐc mplok�ris-
ma apotelesm�twn gia thn apoj keush twn apotelesm�twn sta opoÐa summetèqei k�je
kìmboc fÔllo pou eis�getai sth lÐsta.

• private map <unsigned int, deque <Tag> > Tq

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc monopatioÔ kai twn ro¸n dedomènwn
twn antÐstoiqwn stoiqeÐwn apì ta opoÐa shmaÐnontai oi en lìgw kìmboi.
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• private map < unsigned int, vector < pair < pair < unsigned int, unsigned int>,
pair < Tag, pair < list < list < Tag > >, list < list < Tag > > > > > > > Sq

H antistoÐqish metaxÔ twn stoiqeÐwn apì ta opoÐa shmaÐnontai oi kìmboi twn dendrik¸n
dedomènwn kai twn antÐstoiqwn stoib¸n.

• unsigned int leafNode

O monadikìc kìmboc fÔllo thc er¸thshc.

• private unsigned int rootNode

O monadikìc kìmboc rÐza thc er¸thshc.

Mèjodoi

• private bool moveStreamToStack( unsigned int qmin, unsigned int parent, PP * pp
)

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh moveStreamToStack tou algorÐj-
mou ìpwc perigr�fetai sthn ergasÐa [2]. Epistrèfei TRUE sthn perÐptwsh pou ìntwc
eÐqame metakÐnhsh stoiqeÐou sth stoÐba, alliwc FALSE.

• private unsigned int getMinSource( vector < unsigned int > ppNodes )

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh getMinSource tou algorÐjmou ìp-
wc perigr�fetai sthn ergasÐa [2].

• private void showSolutions( unsigned int qmin, unsigned int index, PP * pp )

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh showSolutions tou algorÐjmou
ìpwc perigr�fetai sthn ergasÐa [2].

• private void showSolutionsWithBlocking( unsigned int currentNode, unsigned int
index, PP * pp, bool inputFinished )

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh showSolutionsWithBlocking tou
algorÐjmou ìpwc perigr�fetai sthn ergasÐa [2]. H logik  metablht  inputFinished
eÐnai TRUE, an kai mìno an èqoume ft�sei sto tèloc twn dedomènwn eisìdou.

• public list < list <Tag> > runPathStack(PP *pp, Tree *tree, bool blocking)

Mèjodoc pou antistoiqeÐ ston algìrijmo PathStack ìpwc perigr�fetai sthn ergasÐa
[2]. H logik  metablht  blocking kajorÐzei e�n ja èqoume mplok�risma apotelesm�twn
  ìqi.

C++ ArqeÐa

• PathStack.h (diaproswpeÐa)

• PathStack.cpp (ulopoÐhsh)
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5.2.6 public class PartialMJ

H kl�sh aut  afor� ton algìrijmo PartialMJ. Perièqontai pedÐa gia tic domèc dedomè-
nwn pou qrhsimopoieÐ, kaj¸c kai mèjodoi pou perigr�foun ta di�fora algorijmik� b mata.
QrhsimopoieÐ thn kl�sh FileParser.

PedÐa

• private list < list <Tag> > results

Se aut  th dom  apojhkeÔontai ta apotelèsmata thc er¸thshc monopatioÔ pou ex�gei
o algìrijmoc.

• private PP * pp

DeÐkthc sthn er¸thsh monop�ti pou jètoume sto sÔsthma.

• private map <unsigned int, deque <Tag> > Tq

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc monopatioÔ kai twn ro¸n dedomènwn
twn antÐstoiqwn stoiqeÐwn apì ta opoÐa shmaÐnontai oi en lìgw kìmboi.

• private map < unsigned int, vector < pair < pair < unsigned int, unsigned int>,
pair < Tag, map < unsigned int, pair < list < list < Tag > >, list < list < Tag >

> > > > > > > Sq

H antistoÐqish metaxÔ twn stoiqeÐwn apì ta opoÐa shmaÐnontai oi kìmboi twn dendrik¸n
dedomènwn kai twn antÐstoiqwn stoib¸n.

• private set < unsigned int > leafNodes

To sÔnolo apì kìmbouc fÔlla thc er¸thshc.

• private vector < unsigned int > sinkNodes

To di�nusma apì touc kìmbouc katabìjrec.

• private vector < unsigned int > examinedNodes

To di�nusma twn kìmbwn thc er¸thshc se topologik  di�taxh.

• private map < unsigned int, Tag > storeNodes

H antistoÐqish metaxÔ twn kìmbwn fÔllwn kai tou teleutaÐou stoiqeÐou pou apo-
jhkeÔthke sthn antÐstoiqh stoÐba.

• private unsigned int rootNode

O monadikìc kìmboc rÐza thc er¸thshc monopatioÔ.

• private map < unsigned int, unsigned int > st

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc kai twn gonèwn touc sto epikalÔpton
dèndro thc er¸thshc.
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• private map < unsigned int, vector < unsigned int > > STchildren

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc kai tou dianÔsmatoc twn paidi¸n touc
sto epikalÔpton dèndro thc er¸thshc.

• private map < unsigned int, vector < unsigned int > > qe

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc kai tou dianÔsmatoc twn paidi¸n touc
an apì thn arqik  er¸thsh afairèsoume tic akmèc tou epikalÔptontoc dèndrou.

• private map < unsigned int, list < list < Tag > > > pathSolutions

H antstoÐqish metaxÔ twn apì rÐza proc fÔlla monopati¸n me tic antÐstoiqec merikèc
lÔseic.

• private map < unsigned int, list < unsigned int > > pathIndexMap

AntistoÐqish metaxÔ twn kìmbwn thc er¸thshc kai twn rÐza proc fÔlla monopati¸n
tou el�qistou epikalÔptontoc dèndrou thc er¸thshc sta opoÐa summetèqoun.

Mèjodoi

• private bool moveToStack(unsigned int qmin)

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh moveToStack tou algorÐjmou ìpwc
perigr�fetai sthn ergasÐa [17]. Epistrèfei TRUE sthn perÐptwsh pou ìntwc eÐqame
metakÐnhsh stoiqeÐou sth stoÐba, alliwc FALSE.

• private unsigned int getMinSource( vector < unsigned int > ppNodes )

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh getNextQueryNode tou algorÐj-
mou ìpwc perigr�fetai sthn ergasÐa [17].

• private bool end()

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh end tou algorÐjmou ìpwc peri-
gr�fetai sthn ergasÐa [17].

• private void cleanStacks( unsigned int qmin)

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh cleanStacks tou algorÐjmou ìpwc
perigr�fetai sthn ergasÐa [17].

• private bool checkNotEmptyParents(unsigned int qmin)

Eswterik  mèjodoc pou epistrèfei TRUE an ìloi oi goneÐc tou kìmbou qmin èqoun
mh kenèc stoÐbec, alli¸c FALSE.

• private bool checkNotEmptySinks()

Eswterik  mèjodoc pou epistrèfei TRUE an ìlec oi katabìjrec thc er¸thshc èqoun
mh kenèc stoÐbec, alli¸c FALSE.
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• private void initialize(Tree *tree, vector < unsigned int > ppNodes, set < unsigned
int > *visitedNodes, unsigned int index)

Eswterik  mèjodoc pou eÐnai upeÔjunh gia tic arqikopoi seic twn pedÐwn thc kl�shc.

• private void showSolutionsWithBlocking( unsigned int currentNode, unsigned int
index, PP * pp, bool inputFinished )

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh showSolutionsWithBlocking tou
algorÐjmou ìpwc perigr�fetai sthn ergasÐa [2]. H logik  metablht  inputFinished
eÐnai TRUE, an kai mìno an èqoume ft�sei sto tèloc twn dedomènwn eisìdou.

• private void outputPathSolutions()

Eswterik  mèjodoc pou ex�gei tic merikèc lÔseic pou antistoiqoÔn sta rÐza proc fÔlla
monop�tia tou dèndrou.

• private list < list < Tag > > mergeAllPathSolutions(unsigned int currentNode,
unsigned int)

Anadromik  eswterik  mèjodoc pou sunen¸nei tic merikèc lÔseic twn rÐza proc fÔlla
monopati¸n sthn pl rh lÔsh.

• private list < list < Tag > > merge proc(list < list < Tag > >, list < list < Tag >

>, unsigned int)

Eswterik  mèjodoc pou kaleÐtai apì th mergeAllPathSolutions kai sunen¸nei tic dÔo
lÐstec pou paÐrnei wc ìrisma. Epistrèfei th sunenwmènh lÐsta.

• private bool checkIfSamePath(Tag tag1, Tag tag2)

Eswterik  mèjodoc pou epistrèfei TRUE an kai mìno an oi kìmboi tag1 kai tag2 twn
dendrik¸n dedomènwn brÐskontai p�nw sto Ðdio monop�ti.

• private void filterSolutions()

Eswterik  mèjodoc pou filtr�rei tic exaqjeÐsec pl reic lÔseic ¸ste na apokìyei
tic lÔseic ekeÐnec pou den ikanopoioÔn tic domikèc sqèseic tou tm matoc thc arqik c
er¸thshc pou paraleÐfjhke apì to epikalÔpton dèndro.

• public list < list < Tag > > runPartialMJ(PP *pp, Tree *tree)

Mèjodoc pou antistoiqeÐ ston algìrijmo PartialMJ ìpwc perigr�fetai sthn ergasÐa
[17].

C++ ArqeÐa

• PartialMJ.h (diaproswpeÐa)

• PartialMJ.cpp (ulopoÐhsh)
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5.2.7 public class PartialPathStack

H kl�sh aut  afor� ton algìrijmo PartialPathStack. Perièqontai pedÐa gia tic domèc
dedomènwn pou qrhsimopoieÐ, kaj¸c kai mèjodoi pou perigr�foun ta di�fora algorijmik�
b mata. QrhsimopoieÐ thn kl�sh FileParser.

PedÐa

• private list < list <Tag> > results

Se aut  th dom  apojhkeÔontai ta apotelèsmata thc er¸thshc monopatioÔ pou ex�gei
o algìrijmoc.

• private PP * pp

DeÐkthc sthn er¸thsh monop�ti pou jètoume sto sÔsthma.

• private map < unsigned int, deque < Tag > > Tq

H antistoÐqish metaxÔ twn kìmbwn thc er¸thshc monopatioÔ kai twn ro¸n dedomènwn
twn antÐstoiqwn stoiqeÐwn apì ta opoÐa shmaÐnontai oi en lìgw kìmboi.

• private map < unsigned int, vector < pair < map < unsigned int, unsigned int >,
Tag > > > Sq

H antistoÐqish metaxÔ twn stoiqeÐwn apì ta opoÐa shmaÐnontai oi kìmboi twn dendrik¸n
dedomènwn kai twn antÐstoiqwn stoib¸n.

• private unsigned int nodesNumber

O arijmìc twn kìmbwn thc er¸thshc.

• private vector < unsigned int > sinkNodes

To di�nusma apì touc kìmbouc katabìjrec.

• private vector < unsigned int > orderedNodes

To di�nusma twn kìmbwn thc er¸thshc se topologik  di�taxh.

• private unsigned int rootNode

O monadikìc kìmboc rÐza thc er¸thshc monopatioÔ.

• private vector < unsigned int > solution

Bohjhtik  dom  pou qrhsimopoieÐtai apì th mèjodo outputResults thn opoÐa exet�-
zoume se lÐgo.
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Mèjodoi

• private bool moveToStack(unsigned int qmin)

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh moveToStack tou algorÐjmou ìpwc
perigr�fetai sthn ergasÐa [17]. Epistrèfei TRUE sthn perÐptwsh pou ìntwc eÐqame
metakÐnhsh stoiqeÐou sth stoÐba, alliwc FALSE.

• private unsigned int getMinSource( vector < unsigned int > ppNodes )

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh getNextQueryNode tou algorÐj-
mou ìpwc perigr�fetai sthn ergasÐa [17].

• private bool end()

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh end tou algorÐjmou ìpwc peri-
gr�fetai sthn ergasÐa [17].

• private void cleanStacks( unsigned int qmin)

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh cleanStacks tou algorÐjmou ìpwc
perigr�fetai sthn ergasÐa [17].

• private bool checkNotEmptyParents(unsigned int qmin)

Eswterik  mèjodoc pou epistrèfei TRUE an ìloi oi goneÐc tou kìmbou qmin èqoun
mh kenèc stoÐbec, alli¸c FALSE.

• private bool checkNotEmptySinks()

Eswterik  mèjodoc pou epistrèfei TRUE an ìlec oi katabìjrec thc er¸thshc èqoun
mh kenèc stoÐbec, alli¸c FALSE.

• private void initialize(Tree *tree, vector < unsigned int > ppNodes, set < unsigned
int > *visitedNodes, unsigned int index)

Eswterik  mèjodoc pou eÐnai upeÔjunh gia tic arqikopoi seic twn pedÐwn thc kl�shc.

• private void outputResults( unsigned int n, unsigned int m, unsigned int stackPos )

Eswterik  mèjodoc pou antistoiqeÐ sth sun�rthsh outputResults tou algorÐjmou
ìpwc perigr�fetai sthn ergasÐa [17].

• public list < list < Tag > > runPartialPathStack(PP *pp, Tree *tree)

Mèjodoc pou antistoiqeÐ ston algìrijmo PartialPathStack ìpwc perigr�fetai sthn
ergasÐa [17].

C++ ArqeÐa

• PartialPathStack.h (diaproswpeÐa)

• PartialPathStack.cpp (ulopoÐhsh)
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5.2.8 test.cpp

To arqeÐo test.cpp den eÐnai sustatikì k�poiac kl�shc. Apl� perièqei th mèjodo main(),
apì thn opoÐa ekkineÐ k�je for� h ektèlesh tou sust matoc. QrhsimopoieÐ tic kl�seic
PathStack, PartialMJ, PartialPathStack, kai FileParser.

5.2.9 Morf  dedomènwn eisìdou - RegionEncoding.java

Kat� thn peiramatik  axiolìghsh twn ulopoihmènwn algorÐjmwn trèxame erwt seic monopa-
tioÔ diaforetik c k�je for� dom c p�nw se dÔo benchmark XML arqeÐa, to treebank.xml
kai xmark.xml. Wstìso, ta dendrik� dedomèna pou qrhsimopoioÔntai wc eÐsodoc stouc treic
algìrijmouc tou sust matoc prèpei na eÐnai antikeÐmena thc kl�shc Tree kai ìqi xml arqeÐ-
a. Apì thn �llh, antikeÐmena thc kl�shc Tree dhmiourgoÔntai ìpwc eÐdame apì thn kl�sh
FileParser, h opoÐa paÐrnei wc eÐsodo èna arqeÐo pou perièqei eÐte thn perigraf  tou dèndrou
(morf  (1)) eÐte tic roèc dedomènwn (morf  (2)) kai epistrèfei èna deÐkth se antikeÐmeno
tÔpou Tree. 'Eprepe loipìn na akolouj sei èna st�dio metasqhmatismoÔ, kat� to opoÐo ta
arqeÐa xml ja metasqhmatÐzontan se arqeÐa pou ja perieÐqan ta dendrik� dedomèna eÐte sth
morf  (1) eÐte sth morf  (2), ¸ste na mporèsoun sth sunèqeia na qrhsimopoihjoÔn apì
touc algìrijmouc.

UpeÔjuno akrib¸c gia autìn to metasqhmatismì eÐnai to arqeÐo RegionEncoding.java,
grammèno sth gl¸ssa java. Sugkekrimèna, paÐrnei wc eÐsodo èna XML arqeÐo kai sthn èxo-
do dÐnei tic roèc dedomènwn, pou antistoiqoÔn stic shm�nseic twn kìmbwn tou xml arqeÐou,
dhlad  metasqhmatÐzei ta xml dedomèna sth morf  (2). EpÐshc, epeid  to sÔsthm� mac ana-
parist� tic shm�nseic tìso twn kìmbwn tou dèntrou ìso kai twn kìmbwn thc er¸thshc me
mh proshmasmènouc akeraÐouc (unsigned integer) ìpwc faÐnetai sto pedÐo map <unsigned
int, unsigned int> node2element twn kl�sewn Tree kai PP, to arqeÐo autì k�nei kai mÐa
met�frash twn stoiqeÐwn pou shmaÐnoun touc kìmbouc se monadikoÔc mh proshmasmènouc ak-
eraÐouc. Epomènwc, ja mporoÔsame na poÔme ìti to arqeÐo RegionEncoding.java katafèrnei
na exasfalÐsei th sunèpeia sth morf  metaxÔ twn arqik¸n dedomènwn eisìdou (xml arqeÐa)
kai twn dedomènwn ìpwc ta dèqontai wc eÐsodo oi algìrijmoi tou sust matoc.

Sunèpeia tou parap�nw metasqhmatismoÔ eÐnai ìti prin apeujÔnoume k�poia er¸thsh sto
sÔsthma, prèpei na broÔme se poiouc mh proshmasmènouc akeraÐouc antistoiqoÔn ta stoi-
qeÐa s manshc pou perièqei h arqik  xml er¸thsh kai na epanadiatup¸soume thn er¸thsh
se morf  pou antikajist� tic arqikèc shm�nseic me tic metasqhmatismènec mh proshmas-
mènec akèraiec morfèc touc. Aut   tan kai h diadikasÐa pou akolouj jhke sth f�sh thc
peiramatik c axiolìghshc/epal jeushc.



Kef�laio 6

Peiramatik  Axiolìghsh

To parìn kef�laio epiqeireÐ mÐa sÔnoyh twn peiramatik¸n apotelesm�twn pou p rame
apì thn ektèlesh twn ulopoihmènwn algorÐjmwn PathStack, PathStackWithBlocking, Par-
tialMJ, kai PartialPathStack, oi teqnikèc leptomèreiec twn opoÐwn edìjhsan sto prohgoÔ-
meno kef�laio. Mèsw thc par�jeshc tou peiramatikoÔ elègqou ja epiqeir soume mÐa sÔgkr-
ish thc apìdoshc twn ulopoihmènwn algorÐjmwn gia erwt seic monopatioÔ tìso olik c ìso
kai merik c dom c, en¸ tautìqrona ja epibebai¸soume ta jewrhtik�/analutik� apotelèsmata
pou aforoÔn touc algìrijmouc autoÔc.

6.1 MejodologÐa Elègqou

'Ola ta peir�mat� mac ètrexan se 2 GHz Core 2 Duo epexergast  Intel me 2 GB RAM kai
se leitourgikì sÔsthma Windows Vista. Oi erwt seic èginan p�nw se dÔo XML arqeÐa me
polÔ diaforetik� qarakthristik�, ta treebank.xml kai xmark.xml, ta kÔria qarakthristik�
twn opoÐwn anafèroume parak�tw. EpÐshc, parak�tw anafèroume kai ton tÔpo (dom ) twn
di�forwn erwt sewn pou èginan p�nw sta dÔo XML arqeÐa.

6.1.1 XML ArqeÐa Elègqou

treebank.xml

'Ena treebank eÐnai èna meg�lo kai domhmèno sÔnolo keimènwn, ìpou h k�je prìtash èqei
shmanjeÐ me stoiqeÐa suntaktik c dom c. H suntaktik  dom  anaparist�tai wc mÐa dendrik 
dom , ex ou kai to dendrikì XML arqeÐo, en¸ brÐskei ektetamènh qr sh sthn epist mh thc
glwssologÐac kai thc upologistik c glwssologÐac. EmeÐc qrhsimopoi same to treebank
tou panepisthmÐou thc Pennsylvania ([35]), sto opoÐo shmaÐnetai h dom  twn fr�sewn pou
apartÐzoun to keÐmeno. Prìkeitai gia èna bajÔ èggrafo me èntono to stoiqeÐo thc anadrom c.
To sÔnolo dedomènwn apoteleÐtai apì perÐpou 2.5 ekatommÔria kìmbouc pou shmaÐnontai apì
250 diaforetik� stoiqeÐa, en¸ to mègisto b�joc eÐnai 36. To mègejoc tou en lìgw arqeÐou
eÐnai 82 MB. Perièqei dedomèna tou pragmatikoÔ kìsmou.

139
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(aþ) (bþ) (gþ)

Sq ma 6.1: (a) O tÔpoc thc er¸thshc Qt,1, (b) o tÔpoc thc er¸thshc Qt,2, kai (g) o tÔpoc
thc er¸thshc Qt,3.

(aþ) (bþ)

Sq ma 6.2: (a) O tÔpoc twn erwt sewn Qx,1 kai Qx,2, kai (b) o tÔpoc thc er¸thshc Qx,3.

xmark.xml

To arqeÐo xmark.xml eÐnai èna benchmark arqeÐo ([36]), to opoÐo qrhsimopoieÐtai gia to
sugkritikì èlegqo thc apìdoshc kai twn ikanot twn di�forwn XML eggr�fwn, epitrèpon-
tac stouc qr stec na bg�loun qr sima sumper�smata gia ta qarakthristik� twn dik¸n touc
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sunìlwn dedomènwn. To mègejoc tou eggr�fou eÐnai 111 MB, en¸ oi kìmboi tou, pou o ari-
jmìc touc eÐnai perÐpou 1 ekatommÔrio, shmaÐnontai apì 74 diaforetik� stoiqeÐa. Se antÐjesh
me to arqeÐo elègqou treebank.xml, èqei b�joc mìlic 7, en¸ den perièqei kajìlou anadrom 
stoiqeÐwn. EpÐshc, perièqei sunjetik� dedomèna, ta opoÐa mporoÔn na dhmiourghjoÔn me
b�sh k�poio DTD, kai ìqi dedomèna tou pragmatikoÔ kìsmou. Prìkeitai profan¸c gia èna
arqeÐo elègqou me teleÐwc diaforetik� qarakthristik� apì to treebank.xml.

6.1.2 TÔpoc twn Erwt sewn Elègqou

Sto plaÐsio thc peiramatik c axiolìghshc trèxame apì 7 erwt seic protÔpou monopa-
tioÔ tìso olik c ìso kai merik c dom c p�nw sta dÔo arqeÐa elègqou pou perigr�yame
prohgoumènwc. Oi erwt seic sto arqeÐo treebank.xml anafèrontai kai wc Qt,1 - Qt,7, en¸
oi erwt seic sto arqeÐo xmark.xml anafèrontai kai wc Qx,1 - Qx,7. Oi erwt seic Qt,1 - Qt,3

kai Qx,1 - Qx,3 eÐnai olik¸c kajorismènhc dom c, en¸ oi erwt seic Qt,4 - Qt,7 kai Qx,4 - Qx,7

eÐnai merik¸c kajorismènhc dom c. To Sq ma 6.1 perièqei touc tÔpouc twn erwt sewn Qt,1

- Qt,3, to Sq ma 6.2 touc tÔpouc twn erwt sewn Qx,1 - Qx,3, to Sq ma 6.3 touc tÔpouc twn
erwt sewn Qt,4 - Qt,7, kai to Sq ma 6.4 touc tÔpouc twn erwt sewn Qx,4 - Qx,7. Oi shm�n-
seic twn kìmbwn twn erwt sewn epilèqjhkan kat�llhla ¸ste oi prokÔptousec erwt seic
na èqoun nìhma sto antÐstoiqo erwt¸meno arqeÐo. EÐnai profanèc ìti to sÔnolo twn erwt -
sewn kalÔptei to pl rec f�sma twn merik¸n erwt sewn monopatioÔ, apì tic (ekfulismènec)
erwt seic monopatioÔ merik c dom c mèqri kai tic merik¸c prosdiorismènec erwt seic pou
èqoun mh dendrik  morf  (morf  gr�fou).

(aþ) (bþ) (gþ) (dþ)

Sq ma 6.3: (a) O tÔpoc thc er¸thshc Qt,4, (b) o tÔpoc thc er¸thshc Qt,5, (g) o tÔpoc thc
er¸thshc Qt,6, kai (d) o tÔpoc thc er¸thshc Qt,7.
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(aþ) (bþ) (gþ) (dþ)

Sq ma 6.4: (a) O tÔpoc thc er¸thshc Qx,4, (b) o tÔpoc thc er¸thshc Qx,5, (g) o tÔpoc thc
er¸thshc Qx,6, kai (d) o tÔpoc thc er¸thshc Qx,7.

6.2 Par�jesh twn Apotelesm�twn tou PeiramatikoÔ
Elègqou

6.2.1 Qronik  Di�rkeia Ektèleshc twn AlgorÐjmwn

Gia kajemÐa apì tic ept� erwt seic Qt,1 - Qt,7 p�nw sto treebank.xml kai tic ept� erwt -
seic Qx,1 - Qx,7 p�nw sto arqeÐo xmark.xml metr same th qronik  di�rkeia (se deuterìlep-
ta) ektèleshc twn algorÐjmwn PartialMJ kai PartialPathStack, apì th qronik  stigm  pou
kaleÐtai o k¸dikac tou algorÐjmou mèqri th qronik  stigm  pou epistrèfetai to sÔnolo twn
apotelesm�twn. Eidik� gia tic erwt seic Qt,1 - Qt,3 kai Qx,1 - Qx,3 twn opoÐwn h dom 
eÐnai olik¸c prosdiorismènh metr jhke kai h qronik  di�rkeia ektèleshc twn algorÐjmwn
PathStack kai PathStackWithBlocking. Sto di�gramma tou Sq matoc 6.5 parousi�zontai
sunoptik� ta apotelèsmata aut� gia tic ept� erwt seic p�nw sta dedomèna tou treebank.xml,
en¸ sto di�gramma tou Sq matoc 6.6 parousi�zontai sunoptik� ta apotelèsmata aut� gia
tic ept� erwt seic p�nw sta dedomèna tou xmark.xml.

6.2.2 Sunolikìc arijmìc kìmbwn eisìdou

Epiprìsjeta sth qronik  di�rkeia ektèleshc twn ulopoihmènwn algorÐjmwn metr jhke
kai to mègejoc thc eisìdou, dhlad  o sunolikìc arijmìc twn kìmbwn eisìdou pou brÐskontai
arqik� stic roèc Tq. H axÐa enìc tètoiou mètrou sÔgkrishc ègkeitai sth suneisfor� tou
sthn poluplokìthta twn exetazìmenwn algorÐjmwn, ìpwc ja deÐxoume sth sunèqeia. 'Etsi,
o PÐnakac 6.1 perièqei to sunolikì arijmì kìmbwn eisìdou twn erwt sewn olik c kai merik c
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Sq ma 6.6: Qrìnoc (se deuterìlepta) gia thn apotÐmhsh twn ept� erwt sewn sta XMark
dedomèna me qr sh twn di�forwn algorÐjmwn.

dom c Qt,1 - Qt,7 p�nw sto treebank.xml, en¸ o PÐnakac 6.2 perièqei to sunolikì arijmì
kìmbwn eisìdou twn erwt sewn olik c kai merik c dom c Qx,1 - Qx,7 p�nw sto xmark.xml.

Er¸thsh Sunolikìc Arijmìc Kìmbwn Eisìdou
Qt,1 641,811
Qt,2 727,531
Qt,3 900,380
Qt,4 1,317,518
Qt,5 1,317,518
Qt,6 1,625,086
Qt,7 1,403,238

PÐnakac 6.1: Sunolikìc arijmìc kìmbwn eisìdou gia tic erwt seic monopatioÔ olik c kai
merik c dom c p�nw sta dedomèna tou TreeBank.
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Er¸thsh Sunolikìc Arijmìc Kìmbwn Eisìdou
Qx,1 231,848
Qx,2 85,395
Qx,3 181,115
Qx,4 256,759
Qx,5 252,661
Qx,6 252,661
Qx,7 262,410

PÐnakac 6.2: Sunolikìc arijmìc kìmbwn eisìdou gia tic erwt seic monopatioÔ olik c kai
merik c dom c p�nw sta dedomèna tou XMark.

6.2.3 Arijmìc telik¸n kai endi�meswn apotelesm�twn

Tèloc, metr jhke kai o sunolikìc arijmìc twn epistrefomènwn apotelesm�twn gia k�-
je mÐa apì tic ept� erwt seic p�nw sta dÔo arqeÐa elègqou. Eidik� gia ton algìrijmo
PartialMJ, o opoÐoc pr¸ta brÐskei tic apant seic se kajèna monop�ti tou epikalÔpton-
toc dèndrou thc er¸thshc, èpeita sugqwneÔei autèc tic apant seic kai tèloc tic filtr�rei,
metr jhke kai o sunolikìc arijmìc twn endi�meswn apotelesm�twn, pou orÐzetai wc to �-
jroisma twn apant sewn pou epistrèfontai apì ta di�fora monop�tia tou epikalÔptontoc
dèndrou. Profan¸c, autì to mètro elègqou èqei nìhma mìno gia merik¸c kai ìqi olik¸c ka-
jorismènec erwt seic, ¸ste na up�rqoun perissìtera tou enìc monop�tia sto epikalÔpton
dèndro thc er¸thshc.

Er¸thsh Arijmìc Apotelesm�twn
Qt,1 586,204
Qt,2 129,734
Qt,3 0

PÐnakac 6.3: Arijmìc apotelesm�twn gia tic erwt seic monopatioÔ olik c dom c p�nw sta
dedomèna tou TreeBank.

Er¸thsh Arijmìc Apotelesm�twn
Qx,1 9,990
Qx,2 1,941
Qx,3 18,579

PÐnakac 6.4: Arijmìc apotelesm�twn gia tic erwt seic monopatioÔ olik c dom c p�nw sta
dedomèna tou XMark.

O PÐnakac 6.3 perièqei ton arijmì twn epistrefìmenwn apotelesm�twn twn erwt sewn
olik c dom c Qt,1 - Qt,3 p�nw sto treebank.xml, en¸ o PÐnakac 6.4 perièqei ton arijmì
twn epistrefìmenwn apotelesm�twn twn erwt sewn olik c dom c Qx,1 - Qx,3 p�nw sto
xmark.xml. Tèloc, o PÐnakac 6.5 perièqei ton arijmì twn epistrefìmenwn kaj¸c kai twn
endi�meswn apotelesm�twn twn erwt sewn merik c dom c Qt,4 - Qt,7 p�nw sto treebank.xml,
en¸ o PÐnakac 6.6 perièqei ton arijmì twn epistrefìmenwn kaj¸c kai twn endi�meswn apote-
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lesm�twn twn erwt sewn merik c dom c Qx,4 - Qx,7 p�nw sto xmark.xml.

Er¸thsh Arijmìc Apotelesm�twn Arijmìc Endi�meswn Apotelesm�twn
Qt,4 2,190 137,154
Qt,5 241,419 930,476
Qt,6 0 930,746
Qt,7 13 1,035,242

PÐnakac 6.5: Arijmìc apotelesm�twn kai arijmìc endi�meswn apotelesm�twn gia tic erwt -
seic monopatioÔ merik c dom c p�nw sta dedomèna tou TreeBank.

Er¸thsh Arijmìc Apotelesm�twn Arijmìc Endi�meswn Apotelesm�twn
Qx,4 0 2,207
Qx,5 5,922 4,746
Qx,6 1,764 1,937
Qx,7 26,655 36,702

PÐnakac 6.6: Arijmìc apotelesm�twn kai arijmìc endi�meswn apotelesm�twn gia tic erwt -
seic monopatioÔ merik c dom c p�nw sta dedomèna tou XMark.

6.3 Sqoliasmìc Peiramatik¸n Apotelesm�twn

AkoloujeÐ o sqoliasmìc twn peiramatik¸n apotelesm�twn gia erwt seic tìso olik c
ìso kai merik c dom c.

6.3.1 Erwt seic MonopatioÔ Olik¸c Kajorismènhc Dom c

Oi erwt seic Qt,1 - Qt,3 p�nw sto treebank.xml kaj¸c kai oi erwt seic Qx,1 - Qx,3 p�n-
w sto xmark.xml eÐnai ìpwc proanafèrjhke olik¸c kajorismènhc dom c kai wc ek toÔtou
mporoÔn na apanthjoÔn me opoiond pote apì touc tèsseric algorÐjmouc PathStack, Path-
StackWithBlocking, PartialMJ kai PartialPathStack. Met� thn ektèles  touc proèkuye
mÐa seir� apì sumper�smata.

• Ex�rthsh tou qrìnou ektèleshc ìlwn twn algorÐjmwn apì (a) to mègejoc thc eisìdou,
dhlad  to sunolikì arijmì twn kìmbwn stic roèc eisìdou thc er¸thshc, kai (b) to
mègejoc thc exìdou, dhlad  ton arijmì twn apant sewn pou epistrèfontai.

MÐa tètoia ex�rthsh problèpetai apì thn an�lush ìlwn twn algorÐjmwn, ìpou apodeiknÔe-
tai ìti h CPU poluplokìthta twn algorÐjmwn eÐnai an�logh tou ajroÐsmatoc tou
megèjouc eisìdou me to mègejoc exìdou. Pr�gmati, ìtan to �jroisma autì eÐnai meg�-
lo, tìte o qrìnoc ektèleshc akìma kai gia to sqetik� aplì algìrijmo PathStack eÐnai
shmantik� meg�loc (�nw twn 30 sec) ìpwc prokÔptei apì touc qrìnouc ektèleshc twn
erwt sewn Qt,1 - Qt,3. AntÐjeta, gia tic erwt seic Qx,1 - Qx,3, ìpou to en lìgw �jro-
isma eÐnai polÔ mikrìtero, oi qrìnoi ektèleshc gia ton PathStack mei¸nontai shmantik�
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kai mporoÔn na ft�soun akìma kai ta 3.5 sec. TeleÐwc ìmoia apotelèsmata isqÔoun
kai gia touc �llouc treic algorÐjmouc.

• Qeirìterh sumperifor� tou algìrijmou PathStackWithBlocking apì ton algìrijmo
PathStack.

O algìrijmoc PathStackWithBlocking pèra tou ìti k�nei qr sh pio polÔplokwn
dom¸n èqei to meionèkthma ìti k�je for� pou k�poioc kìmboc ex�getai apì mÐa s-
toÐba, mÐa seir� apì enèrgeiec gÐnontai stic lÐstec SList kai IList twn kìmbwn thc
goneðk c tou stoÐbac akìma kai an o apomakrunìmenoc kìmboc de suneisfèrei kajìlou
stic telikèc apant seic. 'Etsi, up�rqei parathreÐtai mÐa aÔxhsh sth di�rkeia ektèleshc
tou algorÐjmou PathStackWithBlocking. Sthn perÐptwsh twn erwt sewn Qx,1 - Qx,3

parathroÔme ìti h epiplèon qronik  epib�runsh lìgw tou mplokarÐsmatoc den eÐnai
idiaÐtera shmantik  kai kumaÐnetai sto 10-20% thc qronik c di�rkeiac ektèleshc dÐqwc
mplok�risma. AntÐjeta, sthn perÐptwsh twn erwt sewn Qt,1 - Qt,3 p�nw sta dedomè-
na treebank.xml parathroÔme mÐa saf¸c qeirìterh epib�runsh pou mporeÐ na ft�sei
akìma kai to 100% gia thn perÐptwsh thc er¸thshc Qt,1. H kak  aut  sumperifor�
mporeÐ na apodojeÐ se dÔo kurÐwc lìgouc:

1. Epeid  to arqeÐo treebank.xml parousi�zei polÔ meg�lo b�joc, k�je qronik 
stigm  polloÐ kìmboi mporoÔn na brÐskontai stic stoÐbec, opìte h prohghjeÐsa di-
adikasÐa me tic lÐstec SList kai IList mporeÐ na afor� polÔ perissìterouc kìmbouc
se sqèsh me thn antÐstoiqh diadikasÐa sto arqeÐo xmark.xml pou èqei mikrìtero
b�joc.

2. Eidik� gia tic erwt seic Qt,1 kai Qt,2 mporoÔme na isquristoÔme ìti ènac shman-
tikìc par�gontac epib�runshc eÐnai to Ðdio to mègejoc thc lÐstac twn apote-
lesm�twn. Pr�gmati, se antÐjesh me ton PathStack, o PathStackWithBlocking
krat�ei sthn mn mh th lÐsta me ìla ta apotelèsmata kai ìtan aut� gÐnoun p�ra
poll� gia na ta qwrèsei h kÔria mn mh, èqoume prìsjetec pr�xeic eisìdou/exìdou
metaxÔ mn mhc kai sklhroÔ dÐskou. 'Etsi, parathroÔme ìti gia thn er¸thsh Qt,1

pou èqei wc lÔsh 586,204 apant seic o qrìnoc ektèleshc me mplok�risma eÐnai
sqedìn dipl�sioc apì to qrìno ektèleshc dÐqwc mplok�risma.

• PolÔ parìmoia sumperifor� twn algorÐjmwn PathStack kai PartialPathStack.

ParathroÔme ìti kai gia tic èxi erwt seic Qt,1 - Qt,3 kai Qx,1 - Qx,3 o qrìnoc ektèle-
shc twn dÔo algorÐjmwn eÐnai sqedìn tautìshmoc. Autì eÐnai apolÔtwc anamenìmeno
lìgw tou ìti gia erwt seic monopatioÔ olik c dom c o algìrijmoc PartialPathStack
ekfulÐzetai ston PathStack.

• Qeirìterh sumperifor� tou algìrijmou PartialMJ apì ton algìrijmo PathStackWith-
Blocking.

O algìrijmoc PartialMJ èqei wc b�sh ton algìrijmo PathStackWithBlocking gia
to lìgo ìti prèpei ta apotelèsmata sta di�fora monop�tia tou epikalÔptontoc dèn-
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drou thc er¸thshc na eÐnai taxinomhmèna gia th diadikasÐa thc sugq¸neushc pou ja
akolouj sei. Met� to st�dio thc sugq¸neushc akoloujeÐ kai to st�dio tou fil-
trarÐsmatoc ìpou ta apokthjènta apotelèsmata elègqontai gia to an ikanopoioÔn tic
domikèc sqèseic pou den up�rqoun sto epikalÔpton dèndro all� up�rqoun sthn arqik 
er¸thsh. 'Otan o arijmìc twn apotelesm�twn tou st�diou thc sugq¸neushc eÐnai meg�-
loc, tìte anamènoume meg�lec qronikèc kajuster seic sto st�dio tou filtrarÐsmatoc
kai kat' epèktash megalÔterouc qrìnouc ektèleshc. 'Etsi, gia tic erwt seic Qt,1,
Qt,2, Qx,3 ìpou o arijmìc twn apotelesm�twn eÐnai (sqetik�) meg�loc to st�dio tou
filtrarÐsmatoc katalamb�nei arketì qrìno, ex ou kai h saf¸c qeirìterh sumperifor�
tou PartialMJ.

6.3.2 Erwt seic MonopatioÔ Merik¸c Kajorismènhc Dom c

Oi erwt seic Qt,4 - Qt,7 p�nw sto treebank.xml kaj¸c kai oi erwt seic Qx,4 - Qx,7 p�nw
sto xmark.xml eÐnai ìpwc proanafèrjhke merik¸c kajorismènhc dom c kai wc ek toÔtou
mporoÔn na apanthjoÔn mìno apì touc dÔo algorÐjmouc PartialMJ kai PartialPathStack.
Met� thn ektèles  touc proèkuye mÐa seir� apì sumper�smata.

• Ex�rthsh tou qrìnou ektèleshc ìlwn twn algorÐjmwn apì (a) to mègejoc thc eisìdou,
dhlad  to sunolikì arijmì twn kìmbwn stic roèc eisìdou thc er¸thshc, kai (b) to
mègejoc thc exìdou, dhlad  ton arijmì twn apant sewn pou epistrèfontai.

An kai h ex�rthsh den eÐnai akrib¸c grammik  wc proc to �jroisma twn megej¸n eisìdou
kai exìdou, eÐnai wstìso safèc ìti gia meg�la megèjh eisìdou kai/  exìdou o qrìnoc
ektèleshc megal¸nei. 'Etsi, gia tic erwt seic Qt,4 - Qt,7 oi qrìnoi ektèleshc kai gia
touc dÔo algìrijmouc eÐnai meg�loi kai xepernoÔn ta 50 sec, en¸ gia tic erwt seic Qx,4

- Qx,7 ìpou ta megèjh eisìdou/exìdou eÐnai pio mikr� oi qrìnoi ektèleshc kumaÐnontai
gÔrw sta 10-20 sec.

• Ex�rthsh tou PartialMJ apì arijmì endi�meswn apotelesm�twn.

'Ena meionèkthma tou PartialMJ èqei na k�nei me to ìti dhmiourgoÔntai poll� endi�me-
sa apotelèsmata, apì ta opoÐa mìno k�poia suneisfèroun stic telikèc lÔseic. Sthn
perÐptwsh twn erwt sewn Qt,4 - Qt,7 all� kai thc er¸thshc Qx,7 ìpou o arijmìc
twn endi�meswn apotelesm�twn uperbaÐnei ton arijmì twn telik¸n apotelesm�twn
parathroÔme mÐa shmantik  upob�jmish thc sumperifor�c tou PartialMJ se sqèsh me
ton PartialPathStack pou ofeÐletai sthn epiplèon qronik  epib�runsh gia th dhmiou-
rgÐa twn endi�meswn apotelesm�twn apì ta opoÐa mìno ènac mikrìc arijmìc summetèqei
sthn telik  lÔsh. AntÐjeta, o PartialPathStack de dhmiourgeÐ tètoiec aqreÐastec lÔ-
seic kai wc ek toÔtou apofeÔgei autèc tic kajuster seic.

• Qeirìterh sumperifor� tou algorÐjmou PartialMJ apì ton algìrijmo PartialPathStack.

Pr�gmati, gia ìlec tic erwt seic parathroÔme ìti o qrìnoc ektèleshc tou PartialMJ
eÐnai megalÔteroc apì to qrìno ektèleshc tou PartialPathStack, ft�nontac se oris-
mènec peript¸seic akìma kai to 500%. Par�gontec pou paÐzoun rìlo eÐnai afenìc o
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arijmìc twn endi�meswn apotelesm�twn, ìpwc anafèrjhke kai prohgoumènwc, all�
kai o arijmìc twn telik¸n apotelesm�twn, afoÔ sto telikì st�dio tou filtrarÐsmatoc
ta dierqìmaste ìla gia na elègxoume tic domikèc sqèseic pou den afairèjhkan apì
to gr�fo thc er¸thshc gia to sqhmatismì tou epikalÔptontoc dèndrou. M�lista,
ìso pio pollèc eÐnai oi domikèc sqèseic pou èqoun apomakrunjeÐ tìso perissìtero ja
diarkèsei to st�dio tou filtrarÐsmatoc kai tìso megalÔterh ja eÐnai kat' epèktash
h qronik  epib�runsh. EpÐshc, ìso perissìtera eÐnai ta apotelèsmata tìso peris-
sìterec pr�xeic eisìdou/exìdou anamènontai metaxÔ mn mhc kai sklhroÔ dÐskou lìgw
thc adunamÐac thc kÔriac mn mhc na qwrèsei ìla ta apotelèsmata. K�ti tètoio eÐnai
fanerì apì tic erwt seic Qt,5 - Qt,7 ìpou o arijmìc twn endi�meswn apotelesm�twn
xepern� tic 900,000 kai wc ek toÔtou h kÔria mn mh adunateÐ na diathr sei ìlo autì to
fortÐo summetèqontac se suqnèc antallagèc (swap) dedomènwn me to sklhrì dÐsko.
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EpÐlogoc

Sthn pr¸th enìthta autoÔ tou kefalaÐou epiqeireÐtai mÐa sÔnoyh thc diplwmatik c er-
gasÐac kai dÐnontai ta genik� sumper�smata. Sth deÔterh enìthta anafèrontai orismènec
prokl seic/kateujÔnseic gia th mellontik  èreuna.

7.1 SÔnoyh kai Sumper�smata

Sta plaÐsia thc paroÔsac diplwmatik c ergasÐac melet jhkan oi erwt seic monopatioÔ
me merikì kajorismì thc dom c, dhlad  erwt seic monopatioÔ ìpou oi domikèc sqèseic metaxÔ
twn di�forwn kìmbwn thc er¸thshc mporoÔn na eÐnai mh prosdiorismènec. Basikì kÐnhtro
gia th melèth aut c thc kathgorÐac erwt sewn  tan afenìc h perÐptwsh ìpou h dom  enìc
XML eggr�fou eÐnai merik¸c prosdiorismènh ki afetèrou h perÐptwsh ìpou jèloume na
ex�goume plhroforÐa apì mÐa katanemhmènh XML b�sh dedomènwn, ìpou to sq ma k�je
epimèrouc eggr�fou thc b�shc dedomènwn eÐnai diaforetikì. Kai stic dÔo autèc peript¸seic
eÐnai aparaÐthto na qalar¸soume to perioristikì stoiqeÐo thc olik c di�taxhc twn kìmbwn
thc er¸thshc kai na epitrèyoume to merikì kajorismì thc dom c.

Sugkekrimèna, sta plaÐsia aut c thc diplwmatik c ergasÐac orÐzetai mÐa gl¸ssa XML
erwt sewn monopatioÔ merik c dom c. OrÐsthke èna sÔnolo apì alhjeÐc kai pl reic kanìnec
paragwg c pou qarakthrÐzoun pl rwc thn paragwg  domik¸n sqèsewn kai pou h epaneilhm-
mènh efarmog  touc odhgeÐ sthn isodÔnamh pl rh morf  thc arqik c er¸thshc. Eis qjhke
h ènnoia thc mh ikanopoihsimìthtac, afoÔ se antÐjesh me tic erwt seic monopatioÔ olik c
di�taxhc, oi erwt seic merik c dom c mporoÔn na eÐnai mh ikanopoi simec. Dìjhkan m�l-
ista kai oi ikanèc kai anagkaÐec sunj kec gia mh ikanopoihsimìthta. EpÐshc, exet�sthke
h ènnoia twn pleon�zontwn kìmbwn, dhlad  kìmbwn pou mporoÔn na apomakrunjoÔn apì
thn er¸thsh qwrÐc na ephre�zetai h shmasÐa thc er¸thshc, parèqontac tautìqrona k�poia
prìtupa pou aplopoioÔn thn eÔresh tètoiwn kìmbwn. Tèloc, deÐxame p¸c mporoÔme na
metasqhmatÐsoume thn arqik  er¸thsh monopatioÔ sthn isodÔnamh kanonik  thc morf , pou
eÐnai ènac kateujunìmenoc akuklikìc gr�foc, kai thn opoÐa ekmetalleuìmaste stouc algìri-
jmouc apotÐmhshc.

EpÐshc, sthn ergasÐa aut  antimetwpÐsame to prìblhma thc apodotik c apotÐmhshc erwt -
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sewn monopatioÔ merik c dom c. Arqik� anaptÔqjhke o basismènoc se stoÐbec algìrijmoc
PartialMJ. O PartialMJ ex�gei èna mh epikaluptìmeno dèndro apì thn kanonik  morf  thc
er¸thshc. QrhsimopoieÐ mÐa epèktash tou PathStack gia na upologÐsei ta apotelèsmata
ìlwn twn monopati¸n apì th rÐza proc ta fÔlla tou mh epikaluptìmenou dèndrou. Aut�
ta apotelèsmata par�gontai taxinomhmèna wc proc th rÐza−proc−fÔllo di�taxh tou XML
dèndrou kai sugqwneÔontai gia na upologÐsoume thn telik  ap�nthsh sthn arqik  er¸thsh.
O PartialMJ mporeÐ ìmwc na dhmiourg sei poll� endi�mesa apotelèsmata gia ta di�fora
monop�tia apì th rÐza proc ta fÔlla tou mh epikaluptìmenou dèndrou pou de suneisfèroun
sthn telik  lÔsh. Gia na xeper�soume autì to prìblhma, anaptÔxame ènan kainoÔrio olis-
tikì basismèno se stoÐbec algìrijmo, ton PartialPathStack, o opoÐoc ekmetalleÔetai mÐa
topologik  di�taxh twn kìmbwn thc er¸thshc sthn kanonik c thc morf , kai prospajeÐ na
tairi�xei thn kanonik  morf  sunolik� p�nw sto XML dèndro. AnalÔsame thn poluplokìth-
ta tou PartialPathStack kai deÐxame ìti eÐnai anex�rthtoc apì endi�mesa apotelèsmata.

Prokeimènou na bg�loume qr sima sumper�smata gia touc di�forouc proteinìmenouc s-
ta plaÐsia thc diplwmatik c algìrijmouc, prob kame kai sthn ulopoÐhs  touc sthn an-
tikeimenostref  gl¸ssa programmatismoÔ C++, dÐnontac idiaÐtero b�roc stic teqnikèc lep-
tomèreiec, en¸ axiolog same peiramatik� touc algìrijmouc autoÔc me th bo jeia di�forwn
erwt sewn se benchmarks XML arqeÐa. H peiramatik  axiolìghsh èdeixe thn ex�rthsh
tou PartialMJ apì ta endi�mesa apotelèsmata kai thn anwterìthta tou PartialPathStack,
epibebai¸nontac sthn ousÐa ta jewrhtik� apotelèsmata.

Tèloc, an kai to kurÐwc antikeÐmeno thc paroÔsac ergasÐac sqetÐzetai me tic XML erwt -
seic monopatioÔ merik c dom c, exet�sthkan mÐa seir� apì paremfer    bohjhtik� jèmata,
pou apotèlesan sthn ousÐa to upìbajro gia thn an�ptuxh twn kÔriwn jem�twn. 'Etsi apì
to mÐa pleur� dìjhke èna sÔntomo egqeirÐdio thc XML kaj¸c kai twn glwss¸n erwt -
sewn XQuery kai XPath. Apì thn �llh pleur� parousi�sthke to jewrhtikì upìbajro
kai oi kÔriec idèec gia touc algìrijmouc apotÐmhshc pou proteÐnontai sth diplwmatik  er-
gasÐa, k�nontac tautìqrona mÐa ektetamènh bibliografik  anafor� p�nw se autoÔc. Ar-
qik�, ègine anafor� se orismènec prokatarktikèc ènnoiec, ìpwc sto montèlo dedomènwn
thc gl¸ssac XML, se dÔo sq mata kwdikopoÐhshc jèshc se XML èggrafa, sugkekrimèna
sthn kwdikopoÐhsh jèshc me qr sh anestrammènwn eurethrÐwn kai sto sq ma ektetamènhc
kwdikopoÐhshc Dewey, kai se di�forouc tÔpouc eurethrÐwn gia grhgorìterh epexergasÐa
erwt sewn. 'Epeita parousi�sthkan mèjodoi gia apotÐmhsh erwt sewn me duadikèc domikèc
sqèseic: h mÐa prosèggish basÐsthke se sust mata diaqeÐrishc sqesiak¸n b�sewn dedomè-
nwn, en¸ h �llh se apodotikèc duadikèc domikèc sqèseic. Sth sunèqeia, parousi�sthkan
kai analÔjhkan ekten¸c oi algìrijmoi PathStack kai TwigStack gia erwt seic monopatioÔ
kai dendrik c morf c antÐstoiqa. Eidik� o algìrijmoc PathStack apotèlese to upìbajro
gÔrw apì ton opoÐo anaptÔqjhkan oi algìrijmoi apotÐmhshc erwt sewn monopatioÔ merik c
dom c kai de ja  tan uperbol  na ton qarakthrÐsoume wc ton pur na thc paroÔsac diplw-
matik c ergasÐac. Katìpin, anafèrjhkan di�forec teqnikèc gia belti¸seic twn algorÐjmwn
PathStack kai TwigStack, en¸ ègine kai mÐa anafor� se teqnikèc pou akoloujoÔn to sq ma
ektetamènhc kwdikopoÐhshc Dewey gia thn anapar�stash jèshc.
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ElpÐzoume ìti h sugkekrimènh org�nwsh tou tìmou katafèrnei na parousi�sei me saf -
neia, plhrìthta kai aplìthta to jèma twn erwt sewn monopatioÔ merik c dom c se k�je
endiaferìmeno anagn¸sth, arq�rio kai mh.

7.2 Mellontikèc Prokl seic

Sta plaÐsia thc paroÔsac diplwmatik c ergasÐac rÐxame to b�roc stic erwt seic monopa-
tioÔ merik c dom c, dhlad  se erwt seic ìpou ìloi oi kìmboi touc an koun sto Ðdio monop�ti
tou XML dèndrou kai oi domikèc sqèseic metaxÔ twn kìmbwn mporeÐ na eÐnai mh kajorismènec.
Oi erwt seic autèc apoteloÔn mÐa fusik  epèktash twn erwt sewn monopatioÔ olik c dom c,
tic opoÐec profan¸c kai perilamb�noun. An kai mÐa polÔ qr simh kl�sh erwt sewn, stic
perissìterec pragmatikèc efarmogèc mac endiafèroun erwt seic dendrikoÔ protÔpou kai ìqi
apl� protÔpou monopatioÔ. EÐnai loipìn polÔ logikì kat� trìpo an�logo twn erwt sewn
monopatioÔ na jèloume na epekteÐnoume thn kl�sh twn dendrik¸n erwt sewn olik c dom c
sthn eurÔterh kl�sh twn dendrik¸n erwt sewn me merik¸c kajorismènh dom  gia na an-
timetwpÐsoume thn perÐptwsh pou eÐte den èqoume pl rh gn¸sh tou XML eggr�fou sto
opoÐo anafèretai h er¸thsh   pou rwt�me mÐa katanemhmènh XML b�sh dedomènwn ìpou to
k�je èggrafo èqei diaforetikì sq ma   org�nwsh thc plhroforÐac.

P�nw se autì to prìblhma èqoun  dh ekd¸sei dhmosieÔseic oi Jodwr c Dalam�gkac
kai Stèfanoc Sould�toc tou ErgasthrÐou Susthm�twn B�sewn Gn¸sewn kai Dedomènwn
mazÐ me �llouc sun�delfoÔc touc ([15], [14], [16]). H prosèggis  touc sunÐstatai sto
sqediasmì mÐac gl¸ssac erwt sewn pou epitrèpei to merikì kajorismì twn domik¸n sqèsewn
se dendrikèc erwt seic (erwt seic dendrikoÔ protÔpou merik c dom c). O sqhmatismìc kai h
apotÐmhsh tètoiwn erwt sewn basÐzetai stouc gr�fouc diast�sewn, oi opoÐoi sumpukn¸noun
th dom  twn XML dèntrwn p�nw sta opoÐa jèloume na k�noume erwt seic, qrhsimopoi¸ntac
diast�seic, dhlad  sÔnola apì shmasiologik� parìmoiouc kìmbouc tou XML dèndrou. Oi
gr�foi diast�sewn parèqoun thn aparaÐthth shmasiologÐa gia to sqhmatismì erwt sewn,
jètoun to plaÐsio gia thn er¸thsh phg¸n me domikèc diaforèc   akìma kai asunèpeiec,
kai uposthrÐzoun thn apotÐmhsh kai beltistopoÐhsh twn erwt sewn. EpÐshc, oi parap�nw
ereunhtèc eis�goun thn ènnoia twndèntrwn diast�sewn, ta opoÐa eÐnai isodÔnama me th merik 
er¸thsh se èna kajorismèno gr�fo diast�sewn. Sunoptik�, h diadikasÐa pou perigr�foun
eÐnai arqik� h efarmog  kanìnwn paragwg c p�nw sthn er¸thsh ¸ste na paraqjeÐ h pl rhc
morf  tou, sth sunèqeia h anaz thsh monopati¸n sto gr�fo diast�sewn pou tairi�zoun me
ta monop�tia thc er¸thshc (opìte kai sqhmatÐzontai ta dèntra diast�sewn), kai h met�frash
twn dèntrwn diast�sewn se XPath erwt seic. Tèloc, asqoloÔntai kai me thn ènnoia thc
sumperÐlhyhc (containment) mÐac er¸thshc apì mÐa �llh, kai ft�noun se orismèna polÔ
qr sima jewr mata gia ton èlegqo thc sumperÐlhyhc.

H prosp�jeia twn parap�nw ereunht¸n eÐnai shmantik , afoÔ uiojeteÐ mÐa kateÔjunsh
gia tic dendrikèc erwt seic merik c dom c, h opoÐa tupopoieÐ to prìblhma thc sugkekrimènhc
kl�shc erwt sewn kai odhgeÐ se shmantik� sumper�smata kai jewr mata. MÐa mellontik 
kateÔjunsh èreunac pou mèqri th suggraf  thc paroÔsac diplwmatik c den èqei diereunhjeÐ
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epark¸c (kai sthn opoÐa summetèqei energ� to Ergast rio Susthm�twn B�sewn Gn¸sewn
kai Dedomènwn) eÐnai h an�ptuxh apodotik¸n algìrijmwn apotÐmhshc erwt sewn dendrikoÔ
protÔpou merik c dom c. Kat' analogÐa me ton PartialPathStack gia to prìblhma twn erwt -
sewn monopatioÔ merik c dom c, ènac tètoioc algìrijmoc ja  tan olistikìc, basismènoc se
stoÐbec kai logik� ja apoteloÔse mÐa epèktash tou TwigStack, ètsi ¸ste na lamb�nei mèr-
imna gia tic peript¸seic ìpou oi domikèc sqèseic twn kìmbwn thc dendrik c er¸thshc den
eÐnai pl rwc kajorismènec.

H eÔresh enìc tètoiou apodotikoÔ algìrijmou ja erqìtan wc fusik  sunèqeia tou Par-
tialPathStack gia dendrikèc erwt seic kai ja olokl rwne thn oikogèneia twn olistik¸n
algìrijmwn twn basismènwn se stoÐba gia thn apotÐmhsh genik c morf c XML erwt sewn.
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