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Per�lhyhSthn diplwmatik  aut  ergas�a, prote�netai kai ulopoie�tai m�a mèjodo ènwsh dÔo
FP-trees pou antistoiqoÔn se dÔo b�sei dedomènwn me dosolhy�e p�nw sto �diosÔnolo antikeimènwn kai ta opo�a èqoun kataskeuaste� se prohgoÔmenh efarmog th mejìdou exìruxh suqn¸n protÔpwn FP-growth. Stìqo e�nai to mining thènwsh twn dÔo b�sewn na g�netai grhgorìtera apì thn klasik  efarmog  th FP-

growth h opo�a pro�pojètei thn kataskeu  tou FP-tree gia thn enwmènh b�sh apìthn arq . H mèjodo FP-growth e�nai m�a divide-and-conquer prosèggish tou pro-bl mato th exìruxh suqn¸n protÔpwn h opo�a ektele� to mining apokleistik�se m�a prìtuph kai sumpag  dom , to FP-tree. W epèktash th kataskeu  tou
FP-tree, h ergas�a aut  melet� kai perigr�fei analutik� ti mejìdou enhmèrwshkai metasqhmatismoÔ twn dèntrwn pou apaitoÔntai gia thn ènws  tou ètsi ¸steto FP-tree pou prokÔptei na e�nai to �dio me autì pou ja kataskeuazìtan apì thnefarmog  th FP-growth sthn ènwsh twn b�sewn. Tèlo g�netai ulopo�hsh touproteinìmenou algor�jmou kai melèth th ep�dos  tou me peir�mata p�nw se sun-jetik� dedomèna, ap� ìpou prokÔptei ìti upertere� th klasik  diadikas�a, ìsonafor� ton qrìno ektèlesh.Lèxei kleidi�: dosolhy�a, exìruxh suqn¸n protÔpwn, ènwsh dèntrwn suqn¸nprotÔpwn, exìruxh gn¸sh.





Abstract

In this thesis, we present a method that constructs an FP-tree over the union

of two transaction databases (TDBs) by applying the merge operation on the

FP-trees constructed over each database respectively. The main goal is to achieve

better performance in mining the frequent itemsets of the union database using the

merged FP-tree, compared to the performance achieved by integrating the datasets

and applying the FP-growth algorithm. FP-growth is a divide-and-conquer ap-

proach for mining the complete set of frequent items that takes advantage of a

novel and compact data structure, called FP-tree. Our method takes advantage

of the FP-trees previously constructed over two TDBs and merges them, so that

the resulting FP-tree is exactly the same as the one constructed over the union

of the respective data sets. In order to achieve that, we carefully analyze the

required update and adjusting processes of the FP-trees and we propose efficient

algorithms. Finally, we implement and test our method using sythetic data for

a variety of database and domain sizes. The performance evaluation shows that

our approach outperforms the classical process, in terms of the execution time.

Keywords: transaction, mining frequent itemsets, merge frequent pattern trees,

data mining.
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Prìlogo
H exìruxh gn¸sh prosèlkue p�ntote to endiafèron twn anjr¸pwn kaj¸ exuphrete� thnprwtarqik  an�gkh m�jhsh mèsa apì katast�sei, empeir�e kai fusik� plhrofor�e pou apo-kt¸ntai kajhmerin�. S�goura, oi plhrofor�e apì mìne tou den apoteloÔn gn¸sh; mporoÔnìmw na metatrapoÔn. H shmas�a aut  th prooptik   tan pou an gage thn exìruxh gn¸shse episthmonikì ped�o, to opo�o br�sketai se pl rh exèlixh ta teleuta�a qrìnia kai èqei jèseiti b�sei gia perissìtere prokl sei sto mèllon.Katano¸ shma�nei anakalÔptw prìtupa. Autì akrib¸ prospaje� na k�nei h exìruxh gn¸-sh, qrhsimopoi¸nta teqnikè kai mejìdou apì di�fora ped�a, ìpw h teqnolog�a b�sewndedomènwn, h mhqanik  m�jhsh, ta neurwnik� d�ktua, h teqnht  nohmosÔnh, h statistik . Taapotelèsmata pou prokÔptoun, kalÔptoun èna eurÔ f�sma efarmog¸n tìso epiqeirhsiakoÔ ìsokai episthmonikoÔ endiafèronto, kajist¸nta ta èna kata b�sh qr simo kai pollè forèapara�thto ergale�o.H diplwmatik  aut  ergas�a, pou g�netai se proptuqiakì ep�pedo, den exuphrete� tìso ènanskopì, ìso ènan autoskopì; d�nei th dunatìthta ston suggrafèa na melet sei kai na parousi�-sei endiafèronta jèmata exìruxh gn¸sh, w ènausma gia peraitèrw melèth tou antikeimènou.Tautìqrona ìmw prote�nei m�a mèjodo gia thn exuphrèthsh twn stìqwn tou data mining, hopo�a elp�zei na apodeiqje� endiafèrousa kai qr simh gia ton anagn¸sth.Org�nwsh tou tìmouO tìmo autì qwr�zetai se 6 kef�laia.To kef�laio 1 or�zei to data mining kai anadeiknÔei th qrhsimìtht� tou th shmerin  epoq .Par�llhla g�netai m�a perigraf  tou antikeimènou th diplwmatik  aut  ergas�a me par�jeshenì parade�gmato apì thn kajhmerin  zw  gia kalÔterh katanìhsh.To kef�laio 2 parousi�zei m�a episkìphsh tou probl mato th eÔresh suqn¸n protÔpwnapì m�a b�sh me dosolhy�e eis�gonta orismène basikè ènnoie. Sth sunèqeia analÔetai

vii



leptomer¸ h dom  FP-tree kai h mèjodo FP-growth sti opo�e bas�zetai meg�lo mèro thparoÔsa ergas�a.To kef�laio 3 perigr�fei analutik� ton algìrijmo merge dÔo FP-trees pou prote�netai giathn eÔresh suqn¸n protÔpwn apì thn ènwsh dÔo b�sewn dosolhyi¸n.To kef�laio 4 perilamb�nei thn perigraf  th ulopo�hsh tou algor�jmou me par�jeshtwn shmantikìterwn tmhm�twn tou k¸dika pou anaptÔqjhke.To kef�laio 5 parousi�zei thn peiramatik  melèth tou proteinìmenou algor�jmou kai g�netaiapot�mhsh twn apotelesm�twn.To kef�laio 6 sunoy�zei ta sumper�smata pou proèkuyan apì thn peiramatik  melèth kaiprote�nei kateujÔnsei gia peraitèrw èreuna.Euqarist�eH ekpìnhsh aut  th ergas�a up rxe kopi¸dh all� endiafèrousa kai idiaitèrw dhmiourgik .De ja mporoÔse ìmw na oloklhrwje� qwr� thn polÔtimh bo jeia orismènwn anjr¸pwn. Gi�autì ja  jela na euqarist sw jerm� kat� arq n ton kajhght  E.M.P., kai epiblèponta thergas�a mou, k. T�mo Sell , gia ti sumboulè kai thn amèristh upost rixh tou. Ep�sh, tonk. Man¸lh Terrob�th, upoy fio did�ktora E.M.P., gia th bo jeia kai ti shmantikè kateujÔn-sei tou kai tou f�lou mou Ge¸rgio Tsoukal� kai Korn lio KoÔrth gia thn projum�a tou name bohj soun ìpote to qrei�sthka. Tèlo, ja  jela na ekfr�sw èna eilikrinè euqarist¸ sthsumfoit tria kai kur�w f�lh mou D mhtra ZarmpoÔth gia thn sumpar�stash th ta teleuta�aqrìnia.
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1
KEF�ALAIO 1

Eisagwg 
1.1 Exìruxh Gn¸shMe thn yhfiak  epan�stash, pl jo plhrofori¸n diat�jentai eÔkola kai gr gora gia epexerga-s�a, apoj keush, dianom  kai met�dosh. H tautìqronh almat¸dh prìodo sthn epist mh twnupologist¸n kai se �lle paremfere� teqnolog�e se sunduasmì me thn ìlo kai pio diadedomè-nh qr sh tou se ìle ti ptuqè th zw , gia par�deigma to World Wide Web, od ghse sthsullog  kai apoj keush ter�stiou ìgkou dedomènwn se pollè kai meg�le b�sei dedomènwn.H taqÔtath aut  aÔxhsh tou ìgkou twn dedomènwn èqei uperbe� thn anjr¸pinh dunatìthtagia katanìhsh qwr� th qr sh isqur¸n upologistik¸n ergale�wn. 'Etsi, oi b�sei sti opo�eapojhkeÔontai g�nontai ��t�foi�� dedomènwn pou sp�nia dèqontai episkèyei. Basik  ait�a giathn opo�a h ekmet�lleush aut¸n twn dedomènwn èqei elkÔsei to endiafèron th biomhqan�a thplhrofor�a ta teleuta�a qrìnia e�nai akrib¸ aut  h eure�a di�jes  tou kai h epakìloujhan�gkh metatrop  tou se qr sime plhrofor�e. H exìruxh gn¸sh mèsa apì aut� e�nai m�aakìma prìklhsh.W exìruxh gn¸sh (data mining) or�zetai h diadikas�a exagwg  upokrÔptousa, prohgou-mènw �gnwsth kai pijan¸ qr simh plhrofor�a apì dedomèna [13℄   alli¸ h diereÔnhsh kaian�lush, me th bo jeia autìmatwn   hmi-autìmatwn mèswn, meg�lou ìgkou dedomènwn me stìqothn anak�luyh qr simwn protÔpwn, ìpw gia par�deigma kanìnwn susqètish [13℄. Me th bo -jeia kat�llhla aneptugmènwn upologistik¸n ergale�wn ta apojhkeumèna dedomèna analÔontaikai apokalÔptoun shmantik� prìtupa suneisfèronta shmantik� se strathgikè epiqeir sewn,b�sei gn¸sewn ìso kai sthn episthmonik  kai iatrik  èreuna.



2 Eisagwg 1.2 Antike�meno th diplwmatik Skopì th paroÔsa diplwmatik  ergas�a e�nai h an�ptuxh m�a mejìdou epanaqrhsimopo�h-sh apotelesm�twn pou èqoun prokÔyei apì diadikas�e exìruxh suqn¸n protÔpwn (frequent

pattern mining). Sugkekrimèna, prote�netai kai ulopoie�tai m�a mèjodo ènwsh dÔo FP-treespou antistoiqoÔn se dÔo b�sei dedomènwn me dosolhy�e p�nw sto �dio sÔnolo antikeimènwn kaita opo�a èqoun kataskeuaste� se prohgoÔmenh efarmog  th data mining mejìdou FP-growth.Stìqo e�nai to mining th ènwsh twn dÔo b�sewn na g�netai grhgorìtera apì thn klasik efarmog  th FP-growth h opo�a pro�pojètei th kataskeu  tou FP-tree gia thn enwmènh b�shapì thn arq .A jewr soume gia par�deigma m�a alus�da supermarket h opo�a èqei upokatast mata sedi�fore perioqè th Aj na. K�je upokat�sthma sullègei kai apojhkeÔei ti apode�xeipwl sewn, dhmiourg¸nta ètsi m�a b�sh me dosolhy�e, ìpou w dosolhy�a qarakthr�zetaito sÔnolo twn proðìntwn pou agor�sthkan apì k�je pel�th, ìpw aut� katagr�fontai stiapode�xei. An� takt� qronik� diast mata, to upokat�sthma efarmìzei k�poia mèjodo exìruxhsuqn¸n protÔpwn sth b�sh tou me stìqo th melèth twn agorastik¸n sunhjei¸n twn pelat¸ntou gia thn q�raxh apotelesmatikìterh strathgik  pwl sewn (p.q. trìpo di�taxh twndiatijèmenwn proðìntwn sta r�fia, politik  eidik¸n prosfor¸n, belt�wsh exuphrèthsh setm mata tou katast mato k.t.l).To kentrikì kat�sthma ìmw jèlei na èqei m�a genik  episkìphsh th agorastik  k�nhshtwn proðìntwn pou diajètei, kajist¸nta apara�thth thn efarmog  twn mejìdwn exìruxhsuqn¸n protÔpwn sto sÔnolo twn dosolhyi¸n ìlwn twn upokat�sthm�twn tou. H klasik prosèggish tou probl mato autoÔ e�nai h enopo�hsh twn b�sewn twn upokatasthm�twn kai hefarmog  twn mejìdwn sth nèa enia�a b�sh dosolhyi¸n. To er¸thma pou t�jetai e�nai, p¸ ja tan dunatìn na ekmetalleute� kane� ta apotelèsmata th efarmog  twn mejìdwn exìruxhsto k�je upokat�sthma qwrist� ¸ste h diadikas�a exìruxh suqn¸n protÔpwn gia thn ènwshtwn b�sewn na g�netai grhgorìtera.M�a apì ti apodotikìtere mejìdou pou èqoun protaje� mèqri s mera gia thn exìruxhsuqn¸n protÔpwn apì m�a b�sh me dosolhy�e, kai pou uiojete�tai sthn paroÔsa ergas�a, e�naih FP-growth. H efarmog  th g�netai p�nw se m�a prìtuph dom  pou onom�zetai FP-tree kaih opo�a prìkeitai ousiastik� gia èna ektetamèno dèntro projem�twn (prefix tree) kat�llhlakataskeuasmèno gia thn apoj keush sumpiesmènh, ka�ria plhrofor�a anaforik� me ta suqn�prìtupa th b�sh [8℄.B�sei aut  th dom , ja anaptuqje� m�a nèa mèjodo pou ja ulopoie� to merge dÔo



1.2 Antike�meno th diplwmatik  3apojhkeumènwn FP-trees, pou antistoiqoÔn se dÔo b�sei me dosolhy�e p�nw sto �dio sÔnoloantikeimènwn, kataskeu�zonta ètsi to FP-tree th ènws  tou. H apodotikìthta th mejìdouapodeiknÔetai apì peiramatikè efarmogè, oi opo�e de�qnoun ìti, me thn proteinìmenh mèjodo,h exìruxh suqn¸n protÔpwn gia thn ènwsh twn b�sewn g�netai, sti ple�ste twn peript¸sewn,polÔ pio gr gora apì thn klasik  efarmog  th FP-growth, kat� thn opo�a h kataskeu  tou
FP-tree akolouje� thn klasik  diadikas�a.



4 Eisagwg 



5
KEF�ALAIO 2

Exìruxh Suqn¸n ProtÔpwn
H exìruxh suqn¸n protÔpwn pa�zei prwteÔonta rìlo sthn eÔreush kanìnwn susqètish kaiaitiwd¸n sqèsewn, mègistwn kai kleist¸n protÔpwn, seiriak¸n kai poludi�statwn protÔpwn,kaj¸ kai �llwn shmantik¸n ergasi¸n exìruxh gn¸sh. Sto kef�laio autì, ja oristoÔnarqik� k�poie apara�thte basikè ènnoie, sth sunèqeia ja parousiastoÔn oi algìrijmoi pouèqoun anaptuqje� èw s mera gia thn exìruxh suqn¸n protÔpwn en¸ ja doje� idia�terh èmfashston algìrijmo FP-growth me analutik  perigraf  th leitourg�a tou.2.1 Basikè ènnoie'Estw èna sÔnolo antikeimènwn S kai m�a b�sh dedomènwn DB h opo�a perilamb�nei dosolhy�ep�nw sto S. K�je dosolhy�a apotele�tai apì èna sÔnolo T, tètoio ¸ste na isqÔei T ⊆ Σ, kaièqei ti ex  idiìthte:

• Qarakthr�zetai apì èna monadikì anagnwristikì gia na diakr�netai apì ti upìloipe do-solhy�e pou perièqontai sth b�sh
• Ta antike�mena pou thn apart�zoun e�nai ataxinìmhta
• K�je antike�meno mpore� na emfaniste� to polÔ m�a for� se k�je dosolhy�aM ko dosolhy�a or�zetai to pl jo twn diaforetik¸n antikeimènwn pou perièqei.Tètoie dosolhy�e an koun sthn eurÔterh kathgor�a twn set-valued attributes, dhlad gnwrism�twn pou èqoun w tim  sÔnola antikeimènwn. Ta gnwr�smata aut� e�nai èna fusikìkai periektikì trìpo montelopo�hsh polÔplokwn plhrofori¸n pou qrhsimopoie�tai eurèwsti antikeimenostrafe� kai antikeimeno-sqesiakè b�sei dedomènwn, thn an�kthsh plhrofo-ri¸n (information retrieval), thn exìruxh dedomènwn k.t.l. O tÔpo twn antikeimènwn exart�tai



6 Exìruxh Suqn¸n ProtÔpwnapì thn ontìthta pou montelopoie�tai. 'Ena par�deigma tètoiou gnwr�smato e�nai to sÔnolotwn allhl�wn pou br�skontai se m�a sugkekrimènh jèsh tou qrwmos¸mato gia k�je �njrwposth b�sh twn anjr¸pwn [12℄.Ston P�naka 2.1 fa�netai èna stigmiìtupo mia b�sh dosolhyi¸n, ìpou oi dosolhy�e mpo-roÔn na parist�noun ti sunallagè enì katast mato lianik  p¸lhsh (p.q. supermarket),me to k�je antike�meno na antiproswpeÔei èna xeqwristì e�do proðìnto,   èna sÔnolo apìqhmikè en¸sei, me to k�je antike�meno na antistoiqe� se èna qhmikì stoiqe�o th ènwsh.
TID Antike�mena100 f, a, c, d, g, i, m, p200 a, b, c, f, l, m, o300 b, f, h, j, o400 b, c, k, s, p500 a, f, c, e, l, p, m, nP�naka 2.1: Par�deigma b�sh me dosolhy�e.Me ton ìro prìtupa (patterns) ennooÔme k�je dunatì sunduasmì twn antikeimènwn stoS. Epomènw, gia to sÔnolo twn dunat¸n protÔpwn, èstw R, isqÔei P = Σ∗. To mègejoenì protÔpou antistoiqe� sto pl jo twn antikeimènwn pou perilamb�nei. 'Etsi, èna prìtupomegèjou−1 e�nai èna monosÔnolo pou mpore� na perièqei opoiod pote apì ta antike�mena touS, èna prìtupo megèjou−2 e�nai èna sÔnolo pou perièqei opoiad pote dÔo apì ta antike�menatou S k.o.k.W support enì protÔpou A, ìpou A ⊆ Σ, or�zetai to pl jo twn dosolhyi¸n th DBpou perièqoun to A. Epomènw, oi timè pou mpore� na p�rei to support enì protÔpou e�nai

supportA ∈ (0, n] ⊂ N, ìpou n to sunolikì pl jo twn dosolhyi¸n sth b�sh. Sun jw, to
support or�zetai kai san posostì ep� ti ekatì twn dosolhyi¸n pou perièqoun èna sugkekrimènoprìtupo. Dhlad ,

supportA =
pl jo dosolhyi¸n pou perièqoun to Asunolikì pl jo dosolhyi¸n sth b�shGia na jewrhje� èna prìtupo suqnì, ja prèpei to pl jo twn emfan�se¸n tou sth b�sh DB namhn e�nai mikrìtero apì èna el�qisto prokajorismèno kat¸fli (support threshold) x.A upojèsoume t¸ra ìti zhte�tai h eÔresh twn suqn¸n protÔpwn m�a b�sh, h opo�a apo-tele�tai apì dosolhy�e p�nw se k diaforetik� antike�mena. H brute force prosèggish touprobl mato ja  tan h paragwg  ìlwn twn upoy fiwn suqn¸n protÔpwn, ta opo�a gia k anti-ke�mena e�nai 2k − 1, kai h sÔgkris  tou me ta prìtupa pou emfan�zontai sti dosolhy�e thb�sh ¸ste na kajoriste� to support tou. Epeid  to k, se pragmatikè efarmogè, mpore�



2.2 Apriori algìrijmoi 7na p�rei meg�le timè, o q¸ro anaz thsh twn suqn¸n protÔpwn g�netai ekjetik� meg�lo.Oi basiko� �xone stou opo�ou kinoÔntai oi algor�jmoi pou èqoun anaptuqje� èw s mera giathn antimet¸pish autoÔ tou probl mato, e�nai dÔo:
• Me�wsh tou pl jou twn upoy fiwn suqn¸n protÔpwn. Pro thn kateÔ-junsh aut , h Apriori arq , pou parousi�zetai sth sunèqeia, apodeiknÔetai idia�teraapotelesmatik .
• Me�wsh tou pl jou twn sugkr�sewn pou g�nontai sth b�sh. Ant� nasugkr�netai k�je upoy fio prìtupo me k�je dosolhy�a th b�sh, mporoÔme na mei¸soumeti sugkr�sei qrhsimopoi¸nta eidikè domè pou e�te apojhkeÔoun ta upoy fia sÔnolae�te sumpièzoun th b�sh.2.2 Apriori algìrijmoiH Apriori prosèggish tou probl mato kine�tai pro thn kateÔjunsh th me�wsh tou pl -jou twn upoy fiwn suqn¸n protÔpwn qrhsimopoi¸nta thn anti-monìtonh Apriori euristik sun�rthsh.Orismì 2.1 (ant�-monìtonh apriori euristik  [2℄). 'Estw prìtupo megèjou−k to opo�o dene�nai suqnì sth b�sh. Tìte kanèna apì ta prìtupa megèjou−(k + 1) pou to perièqoun de jae�nai suqnìH basik  idèa e�nai h paragwg  ìlwn twn upoy fiwn suqn¸n protÔpwn megèjou−(k +

1) apì ta suqn� prìtupa megèjou−k (gia k ≥ 1) kai o èlegqo th suqnìtht� tou sthb�sh. H diadikas�a aut  suneq�zetai epanalhptik� mèqri to mègisto dunatì mègejo protÔpou,pou taut�zetai me to mègisto m ko twn dosolhy�wn. Analutik�, o apriori algìrijmo de japarousiaste�, an kai èqei endiafèron, kaj¸ den exuphrete� tou skopoÔ th diplwmatik .Parìti o apriori algìrijmo apotele� shmantik  belt�wsh th brute force prosèggish,suneq�zei na par�gei meg�lo arijmì upoy fiwn protÔpwn, poll� apì ta opo�a telik� den e�naisuqn�. Ulopoi sei tou algor�jmou [4℄,[3℄ qrhsimopoi¸nta diaforetikè anaparast�sei twndedomènwn th b�sh [13℄ èqoun beltistopoi sei kat� polÔ thn ep�dos  tou, wstìso stipeript¸sei pou h b�sh e�nai polÔ meg�lh kai to mègejo twn dosolhyi¸n ep�sh meg�lo, tokìsto apì ti suneqe� pr�xei I/O aux�netai dramatik�.



8 Exìruxh Suqn¸n ProtÔpwn2.3 O algìrijmo FP-growthM�a diaforetik  antimet¸pish e�nai h prosp�jeia me�wsh twn sugkr�sewn pou apaitoÔntaigia ton kajorismì twn suqn¸n protÔpwn. Sth b�sh aut , prot�jhke m�a mèjodo exìruxhtou sunìlou twn suqn¸n protÔpwn qwr� thn paragwg  upoyhf�wn sunìlwn. H mèjodo aut lègetai frequent pattern growth [8℄,   apl� FP-growth, kai akolouje� m�a strathgik 
divide-and-conquer sumpièzonta thn b�sh kai organ¸nonta ta suqn� sÔnola antikeimènwnth se m�a prìtuph dom  pou onom�zetai frequent pattern tree,   en suntom�a FP-tree,basizìmenh sth idèa probol  twn protÔpwn se dom  lexikografikoÔ dèntrou [1℄. Sth sunèqeia,diaire� thn sumpiesmènh b�sh se exarthmène b�sei (conditional databases), k�je m�a apì tiopo�e susqet�zetai me èna suqnì antike�meno, kai ektele� thn exìruxh se k�je b�sh xeqwrist�.2.3.1 Sqed�ash kai kataskeu  FP-treeTo FP-tree apotele� m�a anapar�stash th b�sh twn dosolhyi¸n pou diakr�netai gia th sum-pag  dom  th. Kataskeu�zetai antistoiq�zonta ti dosolhy�e se monop�tia tou dèntrou mestìqo, ìse dosolhy�e moir�zontai koin� antike�mena na moir�zontai kai to �dio monop�ti stodèntro. 'Oso pio pollè dosolhy�e antistoiqoÔn sto �dio monop�ti, tìso pio sumpag  e�nai hdom . Se per�ptwsh pou to mègejo tou FP-tree e�nai tìso mikrì ¸ste na qwr�ei sthn kÔriamn mh, h diadikas�a th exìruxh mpore� na oloklhrwje� qrhsimopoi¸nta mìno to dèntro poubr�sketai sth mn mh kai apofeÔgonta ti epanalhptikè episkèyei sth b�sh pou br�sketaiapojhkeumènh ston sklhrì d�sko. Prin ton ep�shmo orismì tou FP-tree, ja  tan qr simo namelet soume èna par�deigma.Par�deigma 2.1.A jewr soume thn b�sh dosolhyi¸n tou P�naka 2.1 kai w mininum support threshold ξ = 3.Gia th sqed�ash mia sumpagoÔ dom  h opo�a ja perièqei ìlh thn apara�thth plhrofor�a giathn exìruxh tou sunìlou twn suqn¸n protÔpwn pou emfan�zontai sth b�sh, mporoÔn na g�nounoi parak�tw parathr sei.

¤ Kaj¸ mìno ta suqn� antike�mena pa�zoun rìlo sthn exìruxh twn suqn¸n protÔpwn,prèpei kat� arq n na g�nei m�a pr¸th s�rwsh th b�sh ¸ste na kajoriste� to sÔno-lo twn suqn¸n antikeimènwn, br�skonta tautìqrona kai thn suqnìthta emf�nish tou(support).
¤ An up�rqoun perissìtere apì m�a dosolhy�e pou perièqoun ta �dia suqn� antike�mena,tìte autè mporoÔn na sugqwneujoÔn enhmer¸nonta ant�stoiqa to support count k�je



2.3 O algìrijmo FP-growth 9antikeimènou. Se per�ptwsh, m�lista, pou ta suqn� antike�mena k�je dosolhy�a e�naitaxinomhmèna, tìte o èlegqo gia pijan  sugq¸neush mpore� na g�nei idia�tera eÔkola.
¤ An up�rqoun dosolhy�e sti opo�e ta taxinomhmèna suqn� antike�mena tou èqoun koinìprìjema, tìte ta koin� antike�mena mporoÔn na g�noun merge sthn dom , arke� to support

count tou na enhmerwje� analìgw. Eidik� sthn per�ptwsh pou ta suqn� antike�menak�je dosolhy�a èqoun taxinomhje� me fj�nousa seir� suqnìthta, h pijanìthta ÔparxhkoinoÔ projèmato aux�netai shmantik�.Me b�sh ti parap�nw parathr sei, to FP-tree kataskeu�zetai w ex :Pr¸ta sar¸netai olìklhrh h b�sh kai sullègontai ta support twn antikeimènwn. 'Etsi,kajor�zetai poia apì ta antike�mena e�nai suqn�, kaj¸ exairoÔntai ta antike�mena gia ta opo�ato support e�nai mikrìtero apì ξ. To sÔnolo twn antikeimènwn aut¸n taxinome�tai me fj�nousaseir� suqnìthta. H l�sta suqn¸n antikeimènwn pou prokÔptei e�nai:
f-list= {(f : 4), (c : 4), (a : 3), (b : 3), (m : 3), (p : 3)}H seir� aut  e�nai polÔ shmantik  kaj¸ k�je kl�do tou dèntrou ja kataskeu�zetai sÔmfwname aut .Sth sunèqeia sar¸netai gia deÔterh for� h b�sh. Gia k�je m�a dosolhy�a, ta suqn� antike�-men� th, taxinomoÔntai me b�sh th seir� suqnìthta kai eis�gontai sto dèntro. H taxinomhmènhseir� suqn¸n antikeimènwn k�je dosolhy�a gia to sugkekrimèno par�deigma fa�netai ston P�-naka 2.2.
TID Antike�mena Suqn� antike�mena100 f, a, c, d, g, i, m, p f, c, a, m, p200 a, b, c, f, l, m, o f, c, a, b, m300 b, f, h, j, o f, b400 b, c, k, s, p c, b, p500 a, f, c, e, l, p, m, n f, c, a, m, pP�naka 2.2: Taxinìmhsh suqn¸n antikeimènwn k�je dosolhy�a.Gia thn eisagwg  twn suqn¸n antikeimènwn k�je dosolhy�a sto dèntro akolouje�tai hparak�tw diadikas�a:1. To dèntro arqikopoie�tai èqonta ènan kìmbo, thn r�za, h opo�a pa�rnei thn tim  null.2. H s�rwsh th pr¸th dosolhy�a odhge� sthn kataskeu  tou pr¸tou kl�dou tou dèntroupou apotele�tai apì ta antike�mena 〈(f : 1), (c : 1), (a : 1), (m : 1), (p : 1)〉.



10 Exìruxh Suqn¸n ProtÔpwn3. H deÔterh dosolhy�a èqei koinì prìjema me thn prohgoÔmenh. Epomènw, to support

count twn antikeimènwn f , c kai a aux�netai kat� 1, dhmiourge�tai èna kìmbo (b : 1) wpaid� tou (a : 2) kai èna akìma, o (m : 1) w paid� tou (b : 1).
null
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a:1

m:1

p:1

(i)

null

f:2

c:2

a:2

m:1

p:1
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m:1

(ii)

null
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c:2
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(iii)

null
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a:2

m:1

p:1

b:1

m:1

b:1

c:1
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p:1

(iv)

Header Tableantik. arq  twn
node-links

f
c
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b
m
p

null

f:4

c:3

a:3

m:2

p:2

b:1

m:1

b:1

c:1

b:1

p:1

(v)Sq ma 2.1: Par�deigma kataskeu  FP-tree.4. H tr�th dosolhy�a ja moiraste� ton kìmbo f me to f -projematikì dèntro (f -prefix tree)kai ja prosteje� èna kìmbo (b : 1) w paid� tou (f : 3).5. H tètarth dosolhy�a den èqei koinì prìjema me kam�a apì ti prohgoÔmene. 'Etsi,kataskeu�zetai èna nèo kl�do pou xekin� apì th r�za 〈(c : 1), (b : 1), (p : 1)〉.6. H teleuta�a dosolhy�a taut�zetai me thn pr¸th, epomènw arke� na auxhje� to count twnkìmbwn tou ant�stoiqou monopatioÔ sto dèntro kat� 1 mon�da.H diadikas�a kataskeu  tou FP-tree b ma pro b ma fa�netai sto Sq ma 2.1. ¤Apì ton trìpo kataskeu  tou FP-tree prokÔptei h parak�tw idiìthta.



2.3 O algìrijmo FP-growth 11Idiìthta 2.1. K�je suqnì antike�meno, summetèqei sto prìtupo pou or�zetai apì k�je mono-p�ti tou FP-tree pou to perièqei, me support count �so me to mikrìtero count twn antikeimènwnpou apart�zoun to monop�ti.
Orismì 2.2 (FP-tree [8℄).

• To FP-tree apotele�tai apì th r�za pou èqei thn tim  null, èna sÔnolo apì upodèntraprojem�twn (prefix subtrees) w paidi� th r�za kai ènan p�naka epikefal�dwn (header

table) suqn¸n antikeimènwn.
• K�je kìmbo twn upodèntrwn apotele�tai apì tr�a ped�a: to ìnoma tou antikeimènou toukìmbou, item-name, to count, pou e�nai to pl jo twn dosolhyi¸n pou perièqoun tomonop�ti tou upodèntrou mèqri to sugkekrimèno kìmbo, kai to node-link, pou e�te de�qneiston epìmeno kìmbo tou dèntrou me to �dio antike�meno e�te pa�rnei thn tim  null an denup�rqei �llo tètoio kìmbo.
• K�je eggraf  tou header-table suqn¸n antikeimènwn èqei dÔo ped�a: to ìnoma tou anti-keimènou item-name kai ènan de�kth head of node-links pou de�qnei sthn pr¸th emf�nishtou sugkekrimènou antikeimènou sto dèntro.

Algìrijmo 2.1 Kataskeu  FP-tree.E�sodo : M�a b�sh dosolhyi¸n DB kai èna el�qisto support ξ.'Exodo : To FP-tree pou antistoiqe� sth b�sh.Mèjodo :1. S�rwse th b�sh DB kai bre to sÔnolo suqn¸n antikeimènwn th b�sh ìpw kai taant�stoiqa supports tou. Taxinìmhse to me fj�nousa seir� ⇒ f-list .2. Arqikopo�hse to FP-tree, èstw T, kataskeu�zonta th r�za me tim  null. Gia k�jedosolhy�a Trans th b�sh, akoloÔjhse thn parak�tw diadikas�a: Bre ta antike�menath dosolhy�a pou e�nai suqn� kai taxinìmhsè ta me b�sh thn f-list . 'Estw ìti htaxinomhmènh l�sta twn suqn¸n antikeimènwn th Trans e�nai th morf  [p|P ], ìpou p e�-nai to pr¸to antike�meno kai P h upìloiph l�sta. K�lese th mèjodo insert tree([p|P ], T ).



12 Exìruxh Suqn¸n ProtÔpwnAlgìrijmo 2.2 Eisagwg  dosolhy�a sto FP-tree.
procedure insert tree([p|P ], T )

(1) An up�rqei N paid� tou T me N.item-name = p.item-name tìte
(2) aÔxhse to count tou N kat� 1?
(3) alli¸ {

(4) kataskeÔase ènan nèo kìmbo N sto dèntro?
(5) krèmasè ton ap� to T ?
(6) jèse to count tou �so me 1?
(7) sunèdesè ton mèsw tou node-link me ton epìmeno kìmbo stodèntro pou èqei to �dio item-name? }
(8) An P 6= ∅ tìte
(9) k�lese anadromik� thn insert tree(P, N)?Idiìthte FP-treeO algìrijmo kataskeu  tou FP-tree pou perigr�fhke diasfal�zei tìso th sumpag  morf th dom  ìso kai thn plhrìtht� th gia thn exìruxh tou sunìlou twn suqn¸n protÔpwn th.L mma 2.1. Dedomènh m�a b�sh DB kai enì el�qistou support ξ:

• to mègejo tou ant�stoiqou FP-tree, qwr� na sumperilamb�netai h r�za tou dèntrou,fr�ssetai �nw apì ∑
T∈DB |freq(T )|

• to Ôyo tou dèntrou fr�ssetai �nw apì maxT∈DB{|freq(T )|}ìpou T dosolhy�a kai freq(T ) to sÔnolo twn suqn¸n antikeimènwn th dosolhy�a.Apìdeixh. SÔmfwna me ton algìrijmo kataskeu  tou FP-tree, k�je dosolhy�a T th b�shmpore� na suneisfèrei to polÔ èna monop�ti sto dèntro, en¸ parap�nw apì m�a dosolhy�empore� na antistoiqoÔn sto �dio monop�ti, an èqoun akrib¸ ta �dia suqn� antike�mena. H r�zae�nai o mìno kìmbo pou kataskeu�zetai anèxarthta apì ta antike�mena twn dosolhyi¸n, en¸k�je �llo kìmbo perilamb�nei mìno to count tou antikeimènou kai to nodelink. ExoÔ kai to�nw fr�gma tou megèjou tou dèntrou.Kai p�li sÔmfwna me ton algìrijmo kataskeu , to Ôyo tou dèntrou, qwr� na perilamb�-netai h r�za, isoÔtai me to mègisto Ôyo twn projematik¸n upo-dèntrwn, dhlad  me to mègistopl jo suqn¸n antikeimènwn pou èqoun oi dosolhy�e th b�sh. ExoÔ kai to �nw fr�gma touÔyou tou dèntrou.



2.3 O algìrijmo FP-growth 13L mma 2.2. Dedomènh m�a b�sh DB kai enì el�qistou support ξ, to sÔnolo twn suqn¸nprotÔpwn th b�sh mpore� na exaqje� apì to ant�stoiqo FP-tree.Apìdeixh. B�sei tou algor�jmou kataskeu  tou FP-tree k�je dosolhy�a suneisfèrei to polÔèna monop�ti sto dèntro. 'Estw èna monop�ti tou dèntrou a1, a2, . . . , ak kai cak
to count touteleuta�ou kìmbou tou monopatioÔ pou èqei to antikeimènou ak kai èstw c′ak

to �jroisma twn
counts ìlwn twn paidi¸n tou ak. Tìte, to monop�ti tou dèntrou antistoiqe� se cak

− c′akdosolhy�e th b�sh. Epomènw, to dèntro perilamb�nei k�je m�a apì ti dosolhy�e thb�sh qwr� diplè kataqwr sei.2.3.2 Perigraf  mejìdou FP-growthH FP-growth e�nai m�a mèjodo paragwg  ìlwn twn suqn¸n protÔpwn enì FP-tree diasq�-zont� to apì k�tw pro ta p�nw (Bottom Up). Gia thn kalÔterh katanìhsh th logik  thmejìdou kai tou trìpou me ton opo�o ekmetalleÔetai thn dom  FP-tree, ja melet soume pr¸taèna par�deigma.Par�deigma 2.2.A jewr soume to FP-tree tou Sq mato 2.2 (v). Gia na broÔme ta prìtupa pou perièqounk�je èna apì ta suqn� antike�mena th f-list arke�, sÔmfwna me thn Idiìthta 2.1 na xekin soumeapì to header table tou FP-tree kai gia k�je antike�meno na broÔme ta monop�tia sto dèntrosta opo�a summetèqoun akolouj¸nta ta node-links. H diadikas�a xekin� apì to tèlo tou
header table.antike�meno p To suqnì prìtupo pou prokÔptei �mesa e�nai to 〈p : 3〉, en¸ sto dèntroemfan�zetai se dÔo monop�tia. To pr¸to e�nai to 〈(f : 4), (c : 3), (a : 3), (m : 2), (p : 2)〉kai de�qnei ìti h ta antike�mena {f, c, a, m, p} emfan�zontai maz� sth b�sh dÔo forè.To �dio monop�ti de�qnei ìti ta antike�mena {f, c, a, m} emfan�zontai maz� ep�sh dÔo fo-rè, ta {f, c, a} trei, ta {f, c} trei kai to {f} tèsseri. Epeid  ìmw ed¸ anazhtoÔmeta prìtupa pou perièqoun to p, mìno to projematikì monop�ti tou p (p’s prefix pa-

th) 〈(f : 2), (c : 2), (a : 2), (m : 2)〉 e�nai autì pou ma endiafèrei. To deÔtero monop�ti
〈(c : 1), (b : 1), (p : 1)〉, sqhmat�zei to prefix path tou p 〈(c : 1), (b : 1)〉. Apì aut� ta
prefix-paths kataskeu�zetai h conditional pattern base tou p, {(fcam : 2), (cb : 1)},dhlad  h b�sh me ta antike�mena pou up�rqoun dedomènh th Ôparxh tou p. Gia thnb�sh aut , kataskeu�zetai me ton gnwstì trìpo to ant�stoiqo FP-tree pou onom�zetai



14 Exìruxh Suqn¸n ProtÔpwn
conditional FP-tree tou p, me ènan mìno kl�do, ton 〈(c : 3)〉. Epomènw, to deÔtero su-qnì prìtupo pou prokÔptei e�nai to cp : 3. Ed¸ l gei kai h diadikas�a eÔresh suqn¸nprotÔpwn pou perièqoun to antike�meno p.antike�meno m To suqnì prìtupo pou prokÔptei �mesa e�nai to 〈m : 3〉. To m emfan�zetaise dÔo monop�tia tou dèntrou, ston kl�do 〈(f : 4), (c : 3), (a : 3), (m : 2)〉 kai ston kl�do
〈(f : 4), (c : 3), (a : 3), (b : 1), (m : 1)〉, ap� ìpou prokÔptei h conditional pattern base touantikeimènou m, {(fca : 2), (fcab : 1)}. To conditional FP-tree pou kataskeu�zetai èqeiènan kai mìno kl�do, ton 〈(f : 3), (c : 3), (a : 3)〉. Sto dèntro autì ja brejoÔn ta suqn�prìtupa gia ta antike�mena a, c, f me aut  th seir�, dedomènh bèbaia th Ôparxh tou m.'Etsi, gia to antike�meno a to suqnì prìtupo pou prokÔptei �mesa e�nai to 〈am : 3〉en¸ h conditional pattern base tou e�nai h {(fc:3)}. Anadromik� kale�tai h diadiakas�atou mining gia to conditional FP-tree 〈(f :3,(c:3)〉| am. To pr¸to suqnì prìtupo pouprokÔptei ap' aut  e�nai to cam:3 en¸ h conditional pattern base ja e�nai h {(f :3)} meant�stoiqo conditional FP-tree to 〈(f :3)〉| cam. Kai p�li anadromik� prokÔptei �mesa tosuqnì prìtupo 〈fcam : 3〉.T¸ra, epistrèfoume sto conditional FP-tree tou m kai kaloÔme th diadikas�a gia toantike�meno c. To suqnì prìtupo pou prokÔptei �mesa e�nai to 〈cm : 3〉 en¸ h conditional

pattern base e�nai h {(f :3)} kai to conditional FP-tree th 〈(f :3)〉| cm. Se autì, to �mesosuqnì prìtupo e�nai to 〈fcm:3〉 all� h conditional pattern base = ∅, opìte h anadromik diadikas�a termat�zetai.Tèlo, gia to antike�meno f apì to arqikì conditional FP-tree prokÔptei mìno to suqnìprìtupo fm:3 kai h diadikas�a termat�zetai oloklhrwtik� afoÔ den up�rqei conditional

pattern base kai ìla ta antike�mena tou arqikoÔ conditional FP-tree èqoun elegqje�.Kat� sunèpeia, ta suqn� prìtupa pou perièqoun to m e�nai ta fm:3, cm:3, am:3, fcm:3,
fam:3, cam:3 kai fcam:3. 'Opw parathroÔme, ta suqn� prìtupa pou prokÔptoun apìèna FP-tree to opo�o perièqei mìno èna aplì monop�ti e�nai ousiastik� ìloi oi dunato�sunduasmo� twn antikeimènwn tou monopatioÔ. Aut  thn idiìthta ekmetalleÔetai o algì-rijmo FP-growth kaj¸ se per�ptwsh pou sunant sei dèntro me aplì monop�ti jewre�to monop�ti san èna sÔnolo kai br�skei apl� to dunamosÔnolì tou, qwr� na mpei sthndiadikas�a kataskeu  conditional pattern bases kai conditional FP-trees.antike�meno b To �meso prìtupo e�nai to 〈b : 3〉, en¸ to b emfan�zetai se tr�a monop�tiatou dèntrou. Ta prefix paths pou prokÔptoun e�nai ta 〈(f : 1), (c : 1), (a : 1), (b : 1)〉,
〈(f : 1), (b : 1)〉 kai 〈(c : 1), (b : 1)〉. Apì aut� fa�netai ìti den up�rqoun antike�mena pou



2.3 O algìrijmo FP-growth 15na emfan�zontai maz� me to b parap�nw apì dÔo forè, ¸ste na ikanopoie�tai to sup-

port threshold ξ = 3. Epomènw h conditional pattern base tou b den perièqei kanènaantike�meno kai h diadikas�a gia to b termat�zetai.antike�meno a To monadikì monop�ti tou dèntrou pou to perièqei e�nai to 〈 (f : 4), (c : 3),(a : 3)〉. H conditional pattern base e�nai h {(fc : 3)} kai to conditional FP-tree

〈(f : 3), (c : 3)〉. Kai p�li sunantoÔme thn per�ptwsh aploÔ monopatioÔ, opìte ta suqn�prìtupa pou ja prokÔyoun ja e�nai ta a:3, fa:3, ca:3 kai fca:3.antike�meno c To c up�rqei se dÔo monop�tia, to 〈(f : 4), (c : 3)〉 kai to 〈(c : 1)〉. Apì aut�h prokÔptousa conditional pattern base ja e�nai {(f : 3)} kai to conditional FP-tree to
〈(f : 3)〉. Epomènw, ta suqn� prìtupa ja e�nai c:3 kai fc:3.antike�meno f Ektì apì to �mesa prokÔpton prìtupo f :4 den up�rqoun �lla, kaj¸ apìto monadikì monop�ti tou dèntrou pou perièqei to f 〈(f : 4)〉 prokÔptei ìti h conditional

pattern base= ∅.H pore�a th diadikas�a kai ta suqn� prìtupa pou prokÔptoun fa�nontai ston P�naka 2.3.
¤

item
Conditional

pattern base

Conditional

FP-tree
Frequent patterns

p {(fcam:2), (cb:1)} 〈(c:3)〉|p {p:3}, {cp:3}

m {(fca:2), (fcab:1)} 〈(f:3), (c:3), (a:3)〉|m
{m:3}, {fm:3}, {cm:3}, {am:3}

{fcm:3}, {fam:3}, {cam:3}, {fcam:3}

b {(fca:1),(f:1),(c:1)} ∅ {b:3}

a {(fc:3)} 〈(f:3), (c:3)〉|a {a:3}, {fa:3}, {ca:3}, {fca:3}

c {(f:3)} 〈(f:3)〉|c {c:4}, {fc:3}

f ∅ ∅ {f:4}P�naka 2.3: Exìruxh suqn¸n protÔpwn me thn FP-growth.Idiìthta 2.2. 'Otan èna FP-tree perièqei aplì monop�ti, dhlad  den up�rqoun diaklad¸seikat� m ko tou, ta suqn� prìtupa pou prokÔptoun e�nai ìloi oi dunato� sunduasmo� twn an-tikeimènwn pou br�skontai stou kìmbou tou monopatioÔ me support to el�qisto count twnantikeimènwn tou k�je sunduasmoÔ.Thn idiìthta aut  ekmetalleÔetai h FP-growth me trìpo pou perigr�fetai sto parak�twpar�deigma.Par�deigma 2.3.



16 Exìruxh Suqn¸n ProtÔpwn'Estw to FP-tree tou Sq mato 2.2(i) kai ξ = 3. ParathroÔme ìti to dèntro autì perilamb�neièna aplì monop�ti apì th r�za w ton kìmbo (c:7). Se aut  thn per�ptwsh h FP-growth mpore�na qwriste� se dÔo f�sei. Pr¸ta ja g�nei mining sto aplì monop�ti, èpeita sto upìloipodèntro en¸ sto tèlo ja g�nei èna sunduasmì twn apotelesm�twn pou ja prokÔyoun. 'Etsi,gia to sugkekrimèno par�deigma to dèntro qwr�zetai se dÔo tm mata.To pr¸to tm ma apotele�tai apì to aplì monop�ti tou dèntrou, èstw P , ìpw fa�netai stoSq ma 2.2(ii). SÔmfwna me thn Idiìthta 2.2, to sÔnolo twn suqn¸n protÔpwn gia to P ja e�naito freq(P ) ={(a:10), (b:8), (c:7), (ab:8), (ac:7), (bc:7), (abc:7)}.To deÔtero tm ma, èstw Q, e�nai to dèntro tou Sq mato 2.2(iii), ìpou o kìmbo (c:7) touarqikoÔ dèntrou èqei antikatastaje� apì ènan kìmbo-r�za. Ed¸ efarmìzetai h FP-growth me tontrìpo pou perigr�fhke sto Par�deigma 2.2 kai prokÔptoun ta apotelèsmata freq(Q) ={(d:4),(e:3), (f :3), (df :3)}.T¸ra mènei o sunduasmì aut¸n twn apotelesm�twn. K�je èna apì sÔnola twn antikei-mènwn pou antikatroptr�zontai sto dèntro Q èqei to freq(P ) w conditional pattern base.Autì sumba�nei epeid  sÔmfwna me thn Idiìthta 2.1 k�je antike�meno summetèqei sto patternpou or�zetai apì to monop�ti tou dèntrou pou to perièqei. Gia par�deigma, to antike�meno d,emfan�zetai maz� me ta a, b, c tou aploÔ monopatioÔ 4 forè kai �ra ta suqn� prìtupa staopo�a summetèqei ja e�nai ta (ad:4), (ab:4), (ac:4), (abd:4), (acd:4), (bcd:4), (abcd:4), dhlad ousiastik� to (d:4)×freq(P ). Autì isqÔei gia k�je mèlo tou sunìlou freq(Q) kai �ra tasuqn� prìtupa pou par�gontai apì ton sunduasmì twn prohgoÔmenwn apotelesm�twn ja e�naito freq(Q)× freq(P ). Telik�, to sÔnolo twn suqn¸n protÔpwn pou par�gei h FP-growth jae�nai to freq(P ) ∪ freq(Q) ∪ {freq(Q) × freq(P )}. ¤

nulla:10

b:8

c:7

d:4

e:1 f:3

e:2

(i) FP-tree me aplìmonop�ti
nulla:10

b:8

c:7

(ii) Aplì monop�ti P

null

d:4

e:1 f:3

e:2

(iii) Tm ma mediaklad¸sei QSq ma 2.2: FP-growth se dèntro me aplì monop�ti.



2.3 O algìrijmo FP-growth 17Arqè th FP-growthTa parade�gmata 2.2 kai 2.3 faner¸noun ti idiìthte kai ti basikè arqè sti opo�e bas�zetaih FP-growth sumperilambanomènh kai th Idiìthta 2.2 pou anafèrjhke parap�nw.Idiìthta 2.3. Gia èna suqnì antike�meno ai, ìla ta suqn� prìtupa pou to perièqoun mporoÔnna brejoÔn xekin¸nta apì to header table tou FP-tree kai akolouj¸nta ta node-links.Idiìthta 2.4. H eÔresh twn suqn¸n protÔpwn pou èqoun ep�jema ai g�netai apomon¸nontaapì to FP-tree mìno ta prefix paths twn kìmbwn pou èqoun tim  ai en¸ to count twn kìmbwntou monopatioÔ pa�rnei thn tim  tou count tou kìmbou ai se k�je monop�ti.L mma 2.3. (Fragment growth) 'Estw α èna sÔnolo antikeimènwn sth b�sh DB, B h condi-

tional pattern base tou α kai β èna sÔnolo antikeimènwn sthn B. Tìte, to support tou sunìlou
α ∪ β sth b�sh DB isoÔtai me to support to β sth b�sh B.Apìdeixh. Apì ton orismì th conditional pattern base, k�je upo-dosolhy�a sthn B up�rqeime thn pro�pìjesh Ôparxh tou α sthn ant�stoiqh dosolhy�a th DB. 'Etsi, an èna sÔnoloantikeimènwn β emfan�zetai x forè sth B, tìte emfan�zetai maz� me to α akrib¸ x forè sth
DB. Ep�sh, epeid  kai k�je antike�meno tou β, an kei sthn conditional pattern base tou α,to α ∪ β emfan�zetai sth b�sh DB akrib¸ x forè.Apì to L mma 2.3 prokÔptei �mesa to parak�tw pìrisma.Pìrisma 2.1. (Pattern growth) 'Estw α èna sÔnolo suqn¸n antikeimènwn sthn b�sh DB,B h conditional pattern base tou α kai β èna sÔnolo antikeimènwn sthn B. Tìte, to sÔnolo
α ∪ β e�nai suqnì sth b�sh DB an kai mìnon an to β e�nai suqnì sth b�sh B.L mma 2.4. 'Estw èna FP-tree T to opo�o apotele�tai apì èna aplì monop�ti P kai èna tm mame diaklad¸sei Q. Tìte, to sÔnolo twn suqn¸n protÔpwn pou par�gontai apì thn FP-growthapotele�tai apì:1. To sÔnolo twn suqn¸n protÔpwn freq(P ) pou par�gontai apì to P .2. To sÔnolo twn suqn¸n protÔpwn freq(Q) pou par�gontai apì to Q.3. To exwterikì ginìmeno freq(Q) × freq(P ).



18 Exìruxh Suqn¸n ProtÔpwnAlgìrijmo 2.3 FP-growth.E�sodo : To FP-tree m�a b�sh dosolhyi¸n DB pou kataskeu�sthkesÔmfwna me ton Algìrijmo 2.1 kai èna el�qisto support ξ.'Exodo : To sÔnolo twn suqn¸n protÔpwn th b�sh.Mèjodo : kl sh th diadikas�a FP–growth(FP-tree, null)
procedure FP growth(Tree,a)

(1) an to Tree perièqei aplì monop�ti P tìte {

(2) èstw P to aplì monop�ti tou Tree?
(3) èstw Q to upìloipo dèntro me ti diaklad¸sei ìpou o kìmbo ston opo�og�netai h diakl�dwsh antikaj�statai me null?
(4) gia k�je sunduasmì (pou sumbol�zetai me β) twn kìmbwnsto monop�ti P

(5) par gage ìla ta prìtupa β ∪ α me support = to el�qisto support sto β

(6) èstw freq(P ) to sÔnolo twn protÔpwn pou par�gontai?}
(7) alli¸, gia k�je αi tou header table tou Tree {

(8) par gage to prìtupo β = αi ∪ α me support = αi.support?
(9) kataskeÔase thn conditional pattern base tou β kai met� to conditional

pattern tree tou β, Treeβ ?
(10) an Treeβ 6= ∅ tìte
(11) k�lese thn FP growth(Treeβ , β)?}
(12) èstw freq(Q) to sÔnolo twn protÔpwn pou par�gontai?
(13) epèstreye to freq(P ) ∪ freq(Q) ∪ (freq(P ) × freq(Q))2.3.3 SÔnoyhH mèjodo eÔresh suqn¸n protÔpwn FP-growth e�nai m�a enallaktik  divide-and-conquermèjodo se ap�nthsh twn Apriori algor�jmwn, pou prot�jhke pr¸ta apì Han et al. [8℄ kaiparousi�zei ta ex  pleonekt mata.

¤ Sumpièzei th b�sh twn dosolhyi¸n se m�a sumpag  dom  dèntrou FP-tree h opo�a:
– ApojhkeÔei ìle ti apara�thte plhrofor�e gia thn exìruxh twn suqn¸n protÔpwn,afoÔ organ¸nei kat�llhla mìno ta suqn� antike�mena th b�sh. Aut�, sÔmfwname thn Apriori euristik , e�nai ta mìna pou pa�zoun rìlo sthn exìruxh.
– Qrhsimopoi¸nta thn taxinìmhsh twn suqn¸n antikeimènwn me fj�nousa seir� su-



2.3 O algìrijmo FP-growth 19qnìthta èqei th dunatìthta na sugqwneÔsei ti dosolhy�e pou moir�zontai koinìprìjema, mei¸nonta ètsi ton arijmì twn kìmbwn tou dèntrou kai �ra to mègejìtou.
– Diathre� analo�wtou ìlou tou kanìne susqètish pou up�rqoun kai sthn arqik b�sh, epomènw diasfal�zetai h orjìthta twn apotelesm�twn tou mining.
– To mègejo tou dèntrou fr�ssetai �nw apì to mègejo th b�sh, kaj¸ k�jedosolhy�a mpore� na suneisfèrei to polÔ ènan kl�do sto dèntro. Ep�sh e�nai mi-krìtero kai apì to sÔnolo twn upoyhf�wn suqn¸n protÔpwn pou par�gontai apìtou upìloipou algor�jmou.

¤ Den par�gei upoy fia sÔnola (candidate sets) ìpw oi Apriori algìrijmoi.
¤ ApofeÔgei ti epanalhptikè sar¸sei th arqik  b�sh kaj¸ thn episkèptetai mìnodÔo forè kat� thn kataskeu  tou FP-tree kai h diadikas�a tou mining g�netai mìno stodèntro, to mègejo tou opo�ou e�nai shmantik� mikrìtero apì autì th arqik  b�sh.
¤ 'Eqei w basik  leitourg�a thn apar�jmhsh kai ìqi qronobìre mejìdou tÔpou pattern

matching.'Eqoun protaje� di�fore epekt�sei gia thn belt�wsh th ep�dosh th mejìdou ìpw giapar�deigma o temaqismì th arqik  b�sh se èna sÔnolo apì projected databases kai hektèlesh tou mining qwrist� se k�je m�a ap� autè [8℄. H mèjodo aut  e�nai qr simh seper�ptwsh pou h b�sh e�nai p�ra polÔ meg�lh kai to support threshold polÔ mikrì, opìtekai to FP-tree den ja qwr�ei sthn kÔria mn mh. Ep�sh, èqoun protaje� parallagè th FP-

growth gia thn exìruxh mègistwn [15℄ kai kleist¸n protÔpwn pou fa�netai na perièqoun ìlhthn apara�thth plhrofor�a gia thn exìruxh kanìnwn susqètish kaj¸ kai �lle parallagètou algor�jmou(Top-Down FP-growth [14℄). Autè ìmw oi proekt�sei xefeÔgoun apì toantike�meno th ergas�a kai gi� autì de ja doje� peraitèrw èktash.
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KEF�ALAIO 3

Algìrijmo merge dÔo FP-trees

A upojèsoume ìti zhte�tai h efarmog  th FP-growth gia thn exìruxh tou sunìlou twn suqn¸nprotÔpwn apì m�a b�sh pou perilamb�nei ti dosolhy�e diaforetik¸n upokatasthm�twn enì
supermarket. O eujÔ trìpo ja  tan h enopo�hsh twn b�sewn twn upokatasthm�twn kai hektèlesh tou mining sthn enopoihmènh b�sh. Pollè forè, ìmw, de ma endiafèroun mìnota suqn� prìtupa twn sunolik¸n pwl sewn all� kai aut� pou prokÔptoun apì ti pwl seik�je upokatast mato xeqwrist�. E�nai m�lista pijanì, to mining na èqei  dh ekteleste� staupokatast mata kai na èqoun kataskeuaste� ta ant�stoiqa FP-trees. P¸ ja  tan dunatì,loipìn, na en¸soume an� dÔo, tètoie domè dèntrou pou antistoiqoÔn se xeqwristè b�seime dosolhy�e p�nw sto �dio sÔnolo antikeimènwn ¸ste to telikì dèntro na antistoiqe� sthnènwsh twn b�sewn? To parìn kef�laio exet�zei autì to er¸thma kai prote�nei ènan algìrijmopou epilÔei to prìblhma.3.1 Eisagwg 'Estw dÔo b�sei DB1 kai DB2 me N1 kai N2 dosolhy�e p�nw sto �dio peperasmèno sÔnoloantikeimènwn Σ = {i1, i2, i3, . . . , in}. Sta pla�sia th exìruxh twn suqn¸n protÔpwn tou,kataskeu�zontai ta ant�stoiqa FP-trees, fpt1 gia el�qisto support ξ1 kai fpt2 gia el�qisto
support ξ2. Ex� orismoÔ ta dèntra perilamb�noun mìno ta antike�mena pou h suqnìtht� toue�nai toul�qiston �sh me ta ant�stoiqa support, dhlad  ìsa antike�mena ij ∈ Fi ⊆ Σ, ìpou Fih taxinomhmènh l�sta, me fj�nousa seir� suqnìthta, twn suqn¸n protÔpwn m kou �1 k�jeb�sh DBi. 'Eqonta w krit rio th suqnìtht� tou se k�je m�a apì ti b�sei DB1 kai DB2,ta antike�mena th b�sh DB = DB1 ∪ DB2 mporoÔn na qwristoÔn se trei kathgor�e:1. Ta antike�mena pou e�nai suqn� tìso sth b�sh DB1 ìso kai sth b�sh DB2.



22 Algìrijmo merge dÔo FP-trees2. Ta antike�mena pou den e�nai suqn� oÔte sth b�sh DB1 oÔte sth b�sh DB2.3. Ta antike�mena pou e�nai suqn� sth b�sh DB1 all� den e�nai sth b�sh DB2 (  to ant�-strofo).To er¸thma pou t�jetai e�nai p¸ mporoÔme na ta katat�xoume w pro th suqnìtht� tousth b�sh DB = DB1 ∪ DB2 me dedomène mìno ti l�ste F1 kai F2. JewroÔme, loipìn, taakìlouja.L mma 3.1. 'Estw dÔo b�sei DB1 kai DB2 me dosolhy�e p�nw sto �dio sÔnolo S, ξ1, ξ2 taant�stoiqa support kai èna antike�meno ij ∈ Σ. An ij ∈ F1 kai ij ∈ F2 tìte ij ∈ F , dhlad 
F ⊇ F1∩F2, ìpou F1, F2 oi l�ste twn suqn¸n antikeimènwn dÔo b�sewn kai F h l�sta suqn¸nantikeimènwn th b�sh DB = DB1 ∪ DB2.L mma 3.2. 'Estw dÔo b�sei DB1 kai DB2 me dosolhy�e p�nw sto �dio sÔnolo S, ξ1, ξ2 taant�stoiqa support kai èna antike�meno ij ∈ Σ. An ij /∈ F1 kai ij /∈ F2 tìte ij /∈ F , dhlad 
co−F ⊇ co−F1 ∩ co−F2, ìpou F1, F2 oi l�ste twn suqn¸n antikeimènwn dÔo b�sewn kai F hl�sta suqn¸n antikeimènwn th b�sh DB = DB1 ∪ DB2.Me b�sh ta L mmata 3.1 kai 3.2, prokÔptei to parak�tw je¸rhma gia to support th ènwshdÔo b�sewn.Je¸rhma 3.1. 'Estw dÔo b�sei DB1 kai DB2 me dosolhy�e p�nw sto �dio sÔnolo S, ξ1, ξ2ta ant�stoiqa support kai èna antike�meno ij ∈ Σ. Gia na e�nai to antike�meno autì suqnì sthb�sh DB = DB1 ∪ DB2 ja prèpei to pl jo twn emfan�se¸n tou na e�nai toul�qiston �so me
ξ = ξ1 + ξ2.Apìdeixh. Diakr�noume ti ex  peript¸sei:

• 'Estw ìti to support th b�sh DB e�nai ξ > ξ1 + ξ2. Tìte up�rqei per�ptwsh ènaantike�meno ij pou e�nai suqnì sth DB1 me support sij1 = ξ1 kai suqnì sth DB2 me
sij2 = ξ2 to opo�o na mhn e�nai suqnì sth DB kaj¸ oi sunolikè emfan�sei tou ja e�nai
sij = sij1 + sij2 = ξ1 + ξ2 < ξ. 'Atopo.

• 'Estw ìti to support th b�sh DB e�nai ξ < ξ1 + ξ2. Tìte up�rqei per�ptwsh ènaantike�meno ij na mhn e�nai suqnì oÔte sth DB1 oÔte sth DB2 all� to �jroisma twnemfan�se¸n tou sti dÔo b�sei na e�nai sij ≥ ξ kai epomènw na e�nai suqnì sth DB.'Atopo.Epomènw, prokÔptei ìti to support th b�sh DB = DB1 ∪ DB2 e�nai ξ = ξ1 + ξ2.



3.1 Eisagwg  23Epeid  pollè forè to support ekfr�zetai kai san posostì ep� ti ekatì, akolouje� toant�stoiqo sumpèrasma gia to s[%] th ènwsh dÔo b�sewn.Pìrisma 3.1. 'Estw dÔo b�sei DB1 kai DB2 me dosolhy�e p�nw sto �dio sÔnolo S kai ènaantike�meno ij ∈ Σ. Gia na e�nai to antike�meno autì suqnì sth b�sh DB = DB1 ∪ DB2 japrèpei to ep� ti ekatì support tou sij [%] na e�nai
sij [%] ≥ s = s1

N1

N1 + N2
+ s2

N2

N1 + N2ìpou s1, s2, s to el�qisto ep� ti ekatì support pou antistoiqe� sti b�sei DB1, DB2 kai DB.Apìdeixh. Ta el�qista ep� ti ekatì support twn b�sewn DB1, DB2 kai DB e�nai s1 = ξ1
N1

,
s2 = ξ2

N2
kai s = ξ

N1+N2
ant�stoiqa. Apì to Je¸rhma 3.1 ìmw, isqÔei ìti: ξ = ξ1 + ξ2 ⇒

s(N1 + N2) = s1 · N1 + s2 · N2 ⇒ s = s1
N1

N1+N2
+ s2

N2

N1+N2
.Apì to Je¸rhma 3.1 prokÔptei to parak�tw pìrisma gia ta antike�mena pou den e�nai suqn�se m�a apì ti dÔo b�sei (kathgor�a 3).Pìrisma 3.2. 'Estw F1, F2 oi l�ste twn suqn¸n antikeimènwn dÔo b�sewn DB1 kai DB2me dosolhy�e p�nw sto �dio sÔnolo S kai gia el�qisto apìluto support ξ1 kai ξ2 ant�stoiqa.'Estw t¸ra èna antike�meno ij ∈ Σ gia to opo�o isqÔei ij ∈ F1 all� ij /∈ F2 (  antistrìfw).To antike�meno autì e�nai s�goura suqnì sth b�sh DB = DB1 ∪ DB2 mìno ìtan sij1 ≥ ξ ( 

sij2 ≥ ξ), ìpou ξ = ξ1 + ξ2 to apìluto support th b�sh DB.Apìdeixh. Gia na e�nai èna antike�meno ij suqnì sth DB ja prèpei sij ≥ ξ. All�, sij =

sij1 + sij2. Epeid  ij ∈ F1 (  ij ∈ F2) gnwr�zoume to sij1 (  sij2) all� de gnwr�zoume to sij2(  sij1) par� mìno an episkeftoÔme xan� thn ant�stoiqh b�sh kai sullèxoume to pl jo twnemfan�se¸n tou. Epomènw, h mình per�ptwsh gia thn opo�a e�maste s�gourh ìti to ij ja e�naisuqnì sth DB e�nai an to sij1 ≥ ξ (  sij2 ≥ ξ) opìte kai sij = sij1 + sij2 ≥ ξ anex�rthta apìto pl jo twn emfan�sewn sij2 (  sij1).Me b�sh ta parap�nw, akolouje� o orismì th pr�xh merge metaxÔ dÔo FP-trees.Orismì 3.1 (merged FP-tree). 'Estw dÔo b�sei DB1 kai DB2 me N1 kai N2 dosolhy�ep�nw sto �dio sÔnolo antikeimènwn Σ kai fpt1, fpt2 ta FP-trees pou kataskeu�zontai gia mi-

nimum support ξ1 kai ξ2 ant�stoiqa. Or�zoume w fptm = fpt1 merge fpt2 to FP-tree pou jakataskeuazìtan gia th b�sh DB = DB1 ∪ DB2 me minimum support ξ = ξ1 + ξ2.



24 Algìrijmo merge dÔo FP-trees3.2 Kataskeu  merged FP-treeOusiastik�, h pr�xh merge metaxÔ dÔo FP-trees antistoiqe� sthn enopo�hsh twn dèntrwn mesugq¸neush twn monopati¸n pou perièqoun ta �dia antike�mena. Gia na e�nai, ìmw, to pro-kÔpton dèntro sunepè me th b�sh DB = DB1 ∪ DB2 kai me to ant�stoiqo support, ja prèpeita antike�mena sta FP-trees fpt1 kai fpt2 twn b�sewn DB1 kai DB2, na br�skontai sthn �diaseir� kai na e�nai akrib¸ aut� pou ja up rqan sto dèntro an kataskeuazìtan ex� arq  giathn ènwsh twn b�sewn. H logik  tou algor�jmou pou prote�netai e�nai, qrhsimopoi¸nta ìleti plhrofor�e twn fpt1 kai fpt2, na fèroume ta dèntra se morf  sunep  me th b�sh DB kai hpr�xh tou merge na ekfuliste� se apl  ènwsh twn dèntrwn.Me b�sh ta parap�nw, o algìrijmo pou prote�netai e�nai o akìloujo.Algìrijmo 3.1 Merge FP-trees.E�sodo: DÔo b�sei DB1, DB2 me dosolhy�e p�nw sto �dio sÔnolo antikeimènwn Skai ta ant�stoiqa FP-trees fpt1 kai fpt2 gia support ξ1, ξ2.'Exodo: To FP-tree th b�sh DB = DB1 ∪ DB2 gia support ξ = ξ1 + ξ2.Mèjodo:1. Me b�sh ti seirè suqnìthta F1 kai F2 pou antistoiqoÔn sta dèntra fpt1 kai fpt2, breth seir� suqnìthta F .2. Metasqhm�tise, ìpou qrei�zetai, ta dèntra fpt1 kai fpt2 ¸ste na apokt soun to �diosq ma akolouj¸nta th nèa seir� suqnìthta F .3. 'Enwse ta dèntra.
Orismì 3.2. Ja lème ìti dÔo FP-trees èqoun to �dio sq ma an oi l�ste suqn¸n antikeimènwnsÔmfwna me ti opo�e ègine h kataskeu  tou perièqoun akrib¸ ta �dia antike�mena kai èqounakrib¸ thn �dia seir� taxinìmhsh.3.2.1 Kajorismì th f-list tou merged FP-treeSÔmfwna me ton orismì 3.1, to merged FP-tree prèpei na perilamb�nei ìle ti dosolhy�e thb�sh DB = DB1 ∪ DB2 taxinomhmène sÔmfwna me th seir� suqnìthta F . Ta FP-trees fpt1kai fpt2 pou antistoiqoÔn sti b�sei DB1 kai DB2 gia el�qisto support ξ1 kai ξ2, perièqounajroistik� to sÔnolo twn dosolhyi¸n, ìmw autè e�nai taxinomhmène sÔmfwna me ti l�ste
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F1 kai F2. Epomènw, arqik� ja prèpei na kajoriste� h l�sta suqnìthta F qrhsimopoi¸ntati plhrofor�e pou diajètoun oi l�ste F1 kai F2. Diakr�noume ti ex  peript¸sei:1. F1, F2 perièqoun ta �dia antike�mena kai h seir� taxinìmhsh tou e�naih �dia. Tìte h F ja perilamb�nei akrib¸ aut� ta antike�mena taxinomhmèna me thn �diaseir�.2. F1, F2 perièqoun ta �dia antike�mena all� h seir� taxinìmhsh den e�naih �dia. Tìte h F ja perilamb�nei akrib¸ aut� ta antike�mena all� h nèa seir� ja pro-kÔyei apì thn prìsjesh twn supports twn �diwn antikeimènwn kai thn ek nèou taxinìmhshtou. Se aut  thn per�ptwsh apaite�tai èlegqo gia pijanì metasqhmatismì twn dèntrwn¸ste na antikatoptr�zetai h nèa seir� suqnìthta.3. Up�rqei toul�qiston èna ij ∈ F1 me ij /∈ F2 (  kai to ant�strofo). Tìte h

F , ìpw perigr�fhke sthn par�grafo 3.1, de mpore� na kajoriste� ap� euje�a. Se aut thn per�ptwsh apaite�tai:
• Enhmèrwsh twn fpt1 kai fpt2 apì ti b�sei DB1 kai DB2 me prosj kh twn anti-keimènwn pou le�poun ap� to k�je dèntro ¸ste telik� ta dèntra na perièqoun ìlata antike�mena F1 ∪ F2. H enhmèrwsh aut  e�nai apara�thth gia na èqoume ìlh thnplhrofor�a pou apaite� o kajorismì th nèa seir� suqnìthta.
• Prìsjesh twn supports twn antikeimènwn ¸ste na prokÔyei h nèa l�sta suqn¸nantikeimènwn F th b�sh DB.Kai ed¸ e�nai apara�thto o èlegqo gia pijanì metasqhmatismì twn dèntrwn, ìpou autìkr�netai apara�thto.Par�deigma 3.1.A jewr soume dÔo b�sei dosolhyi¸n DB1, DB2 me support ξ1 = 3 kai ξ2 = 2 ant�stoiqa.Ta antike�mena th k�je b�sh kai oi taxinomhmène l�ste suqn¸n antikeimènwn tou fa�nontaiston P�naka 3.1.To support th DB = DB1 ∪ DB2 ja e�nai, sÔmfwna me to Je¸rhma 3.1, ξ = 5. Apì toperieqìmeno twn F1 kai F2, prokÔptei ìti h per�ptwsh aut  an kei sthn tr�th kathgor�a pouperigr�fhke parap�nw. Gi� autì, epistrèfoume sti dÔo b�sei kai prosjètoume ta antike�menapou den up�rqoun sth m�a l�sta all� up�rqoun sthn �llh, dhlad  to d sth l�sta F1 kai to gsthn F2. Met� thn enhmèrwsh h l�ste g�nontai:
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TID Antike�mena100 m,n, o, a, b, c200 c, f, g, o,m300 k, l, b, h, f, g400 m,n, f, a, c, d500 c,m, k, g, b

F1 = {(c : 4), (m : 4), (b : 3), (f : 3), (g : 3)}(a) B�sh dosolhyi¸n DB1, ξ1 = 3

TID Antike�mena600 c,m, d, b700 b, c, n, k, d800 l, b, a, h, f900 o, d, f, b, g

F2 = {(b : 4), (d : 3), (c : 2), (f : 2)}(b) B�sh dosolhyi¸n DB2, ξ2 = 2P�naka 3.1: B�sei dosolhyi¸n kai ant�stoiqe l�ste suqn¸n antikeimènwn
F1 = {(c : 4), (m : 4), (b : 3), (f : 3), (g : 3), (d : 1)}

F2 = {(b : 4), (d : 3), (c : 2), (f : 2), (g : 1)}Sth sunèqeia prosjètoume ta support twn ant�stoiqwn antikeimènwn, apomakrÔnoume ìsa èqounpl jo emfan�sewn mikrìtero apì ξ, taxinomoÔme ta antike�mena kai prokÔptei h l�sta suqn¸nantikeimènwn th DB: F = {(b : 7), (c : 6), (f : 5), (m : 5)}Gia lìgou omoiogèneia jewroÔme ìti ìtan dÔo antike�mena èqoun to �dio support, pr¸tosth l�sta ja mpa�nei autì pou èqei uyhlìterh jèsh sthn aÔxousa alfarijmhtik  seir�. Gi� autìkai to f sth l�sta èqei topojethje� prin to m. An kai h diafor� den e�nai jewrhtik� ousiastik ,pa�zei shmantikì rìlo sthn epilog  twn metasqhmatism¸n pou ja g�noun sta dèntra.
¤3.2.2 Metasqhmatismì FP-treeH seir� suqnìthta tou merged FP-tree pou prokÔptei gia k�je m�a apì ti peript¸sei thprohgoÔmenh paragr�fou, kajor�zei kai thn an�gkh   ìqi metasqhmatismoÔ twn fpt1, fpt2.To krit rio e�nai h sqèsh metaxÔ th F kai twn F1, F2. An oi teleuta�e èqoun èna toul�qi-ston antike�meno se diaforetik  jèsh se sqèsh me th jèsh tou sth seir� F tìte apaite�taimetasqhmatismì tètoio ¸ste na antikatoptr�zetai h nèa seir� suqnìthta.O algìrijmo metasqhmatismoÔ tou FP-tree pou qrhsimopoioÔme, se m�a parallag  tou,lègetai AFPIM (Adjusting FP-tree for Incremental Mining) [11℄ kai anafèretai sthn per�-ptwsh enhmèrwsh enì FP-tree me thn prosj kh/afa�resh m�a   perissotèrwn dosolhyi¸n.Ousiastik�, kai to prìblhma tou merge dÔo FP-trees mpore� na jewrhje� w enhmèrwsh touenì dèntrou apì to �llo, kaj¸ k�je dèntro antiproswpeÔei dosolhy�e.



3.2 Kataskeu  merged FP-tree 27Algìrijmo 3.2 Parallag  tou AFPIM.E�sodo: FP-tree T me seir� suqnìthta F , nèa seir� suqnìthta F ′'Exodo: FP-tree T ′ me seir� suqnìthta F ′Mèjodo:(1) gia k�je antike�meno pou up�rqei sthn F all� den up�rqei sthn F ′ {(2) afa�rese tou ant�stoiqou kìmbou apì to T ?(3) apokatèsthse th dom  tou dèntrou?(4) afa�rese ti ant�stoiqe eggrafè apì ton header table?}(5) efarmìzonta th bubblesort sthn F me b�sh thn F ′gia k�je zeÔgo antikeimènwn pou antall�soun jèsh sthn F(6) gia k�je zeÔgo kìmbwn (X,Y) tou T pou perièqoun ta antike�mena aut�(7) k�lese th mèjodo path adjust(T,X,Y,P) ìpou P o patèra tou kìmbou Q?An�lush. O algìrijmo xekin� afair¸nta apì to arqikì dèntro ìsou kìmbou perièqounantike�mena pou den an koun sth nèa seir� suqnìthta F ′, an fusik� up�rqoun tètoia. Taantike�mena aut� de jewroÔntai plèon suqn� kai epomènw den prèpei na br�skontai sto FP-treeen¸ tautìqrona afairoÔntai oi ant�stoiqe kataq¸rhsei ston headertable kai ta nodelinks.'Ena kìmbo pou tuqìn afaire�tai, mpore� na br�sketai opoud pote sto dèntro. Gi� autì japrèpei na apokatastaje� h dom  tou dèntrou, anajètonta ta paidi� tou afairoÔmenou kìmbouston patèra tou.Sth sunèqeia efarmìzoume th bubblesort taxinom¸nta thn arqik  l�sta suqnot twn meb�sh th nèa l�sta, ¸ste na epilegoÔn ta antike�mena pou prèpei na antall�xoun jèsei stodèntro. O lìgo gia ton opo�o epilègetai h O(n2) bubblesort [5℄ w algìrijmo taxinìmhshkai ìqi k�poio pio gr goro algìrijmo, ìpw gia para�deigma h O(n log n) mergesort, e�naigiat� prèpei ta antike�mena pou epilègontai gia antallag  na èqoun kìmbou sto dèntro mesqèsh patèra-paidioÔ, kai �ra prèpei na elegqjoÔn ìla ta geitonik� antike�mena th seir�suqnìthta. Ki autì, giat� h diadikas�a antallag  se per�ptwsh pou oi kìmboi br�skontan seapìstash megalÔterh tou enì epipèdou sto dèntro, ja ginìtan idia�tera polÔplokh.Gia k�je zeÔgo antikeimènwn pou antall�ssetai sth seir� suqnìthta F , elègqontai oikìmboi sto dèntro pou ta perièqoun. Autì g�netai praktik�, me di�sqish tou dèntrou FP-treexekin¸nta apì ton headertable kai akolouj¸nta ta nodelinks twn antikeimènwn. Oi kìmboipou epilègontai pro antallag  èqoun th sqèsh patèra-paidioÔ sto dèntro kai h antallag tou g�netai sÔmfwna mèjodo prosarmog  monopatioÔ [11℄. 'Estw, loipìn, X, Y oi kìmboi pou



28 Algìrijmo merge dÔo FP-treesAlgìrijmo 3.3 procedure path adjust.

procedure path adjust(T,X,Y,P))(1) an X.count > Y.count {(2) prìsjese ènan nèo kìmbo sto T , èstw X ′, me patèra ton P ?(3) jèse to count tou nèou kìmbou X ′.count = X.count − Y.count?(4) krèmase apì ton X ′ ìla ta paidi� tou kìmbou X ektì apì ton Y ?(5) jèse to count tou kìmbou X.count = Y.count?}(6) ant�llaxe ti jèsei twn kìmbwn X kai Y sto T ?(7) an up�rqei paid� tou P , èstw Z, pou na èqei to �dio antike�meno me ton Y {(8) jèse Y.count = Y.count + Z.count?(9) krèmase ta paidi� tou Z, an up�rqoun, ap� ton Y ?(10) afa�rese ton kìmbo Z ap� to T ?}prèpei na antall�xoun jèsei sto dèntro kai X patèra tou Y.Diakr�noume dÔo peript¸sei:1. O X èqei megalÔtero count apì ton Y, pou shma�nei ìti o X èqei kai �lla paidi�.Se aut  thn per�ptwsh, prin thn antallag  twn jèsewn, ja prèpei na g�nei anadi�taxhtwn upìloipwn paidi¸n tou X ¸ste na diathrhje� h plhrofor�a twn ant�stoiqwn doso-lhyi¸n sto FP-tree. Gia to lìgo autì dhmiourge�tai èna nèo kìmbo X′ pou èqei to�dio antike�meno me ton X, èqei patèra ton patèra tou X kai to count tou pa�rnei thntim  X′.count = X.count − Y.count, en¸ ìla ta paidi� tou X ektì apì ton kìmbo Yanat�jentai s� autìn.Gia par�deigma, èstw to tm ma enì FP-tree pou fa�netai sto Sq ma 3.1(a).
c:2
d:2X

a:1Y

b:1 c:2
d:1X

a:1Y

d:1 X′

b:1(a) (b)Sq ma 3.1: Par�deigma per�ptwsh antallag  kìmbwnOi dosolhy�e pou parist�nontai s� autì e�nai h 〈(. . . c, d, a) : 1〉 kai h 〈(. . . c, d, b) : 1〉.H teleuta�a prèpei na parame�nei w èqei kai met� to tèlo th antallag  twn kìmbwn
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X, Y. 'Etsi, prost�jetai o nèo kìmbo X′ ìpw fa�netai sto Sq ma 3.1(b).2. Oi X, Y èqoun to �dio count, opìte o X den èqei paidi�. Prèpei na parathr soume ìtiaut  th morf  èqei kai to dèntro th per�ptwsh 1 met� to pèra twn metasqhmatism¸npou perigr�fhke parap�nw.Se aut  thn per�ptwsh h diadikas�a antallag  e�nai sqetik� xek�jarh. O kìmbo Xantall�sei th jèsh tou me ton kìmbo Y, dhlad , o patèra tou X g�netai patèra tou Ykai o X g�netai paid� tou Y.Gia na oloklhrwje� h diadikas�a tou metasqhmatismoÔ prèpei na g�nei èna teleuta�o èleg-qo. Up�rqei endeqìmeno, o kìmbo Y, pou plèon èqei p�rei th swst  jèsh tou sto dèntro,na èqei aderfì ènan kìmbo, èstw Z, o opo�o èqei to �dio antike�meno. Autì ja prèpei nasugqwneuje� me ton Y, kaj¸ se �llh per�ptwsh ja èqoume dÔo projematik� dèntra gia to �dioantike�meno pou èqoun ton �dio patèra, pr�gma pou apagoreÔetai apì ton orismì tou FP-tree.'Etsi, to count tou Y g�netai Y.count = Y.count + Z.count kai ta paidi� tou Z, an up�rqoun,anajètontai sto Y.H leitourg�a tou algor�jmou metasqhmatismoÔ g�netai pio xek�jarh melet¸nta to par�-deigma pou akolouje�.Par�deigma 3.2 (Metasqhmatismì FP-tree).'Estw h b�sh dosolhyi¸n tou P�naka 3.1(a). H efarmog  tou algor�jmou 2.1 kataskeu 

FP-tree, pou parousi�sthke sto Kef�laio 2, d�nei thn akìloujh seir� suqnìthta:
f-list= {(c : 4), (m : 4), (b : 3), (f : 3), (g : 3)}H taxinìmhsh twn antikeimènwn k�je dosolhy�a fa�netai ston P�naka 3.2.

TID Antike�mena Suqn�antike�mena100 m, n, o, a, b, c c, m, b200 c, f, g, o, m c, m, f, g300 k, l, b, h, f, g b, f, g400 m, n, f, a, c, d c, m, f500 c, m, k, g, b c, m, b, gP�naka 3.2: Arqik  taxinìmhsh suqn¸n antikeimènwn k�je dosolhy�a.To ant�stoiqo FP-tree e�nai autì tou Sq mato 3.2.'Estw t¸ra ìti sta pla�sia th ektèlesh tou merge kajor�zetai nèa seir� suqnìthtanèa f-list= {b, c, f, m}pali� f-list= {c, m, b, f, g}
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g:1Sq ma 3.2: FP-tree parade�gmato 3.2.SÔmfwna me ton Algìrijmo 3.2:1. Sugkr�nonta ti dÔo l�ste, parathroÔme ìti to antike�meno g den up�rqei sth nèa l�stakai ara prèpei na afaireje� apì to dèntro. 'Opw fa�netai sto Sq ma 3.2 up�rqoun treikìmboi me to antike�meno pro afa�resh, oi opo�oi tuqa�nei na e�nai kai fÔlla. Epomènw,h afa�res  tou g�netai apl�, qwr� na apaite�tai apokat�stash th dom  tou dèntrou.2. Epilègoume ta antike�mena pou prèpei na antall�xoun tou kìmbou tou sto dèntroefarmìzonta thn bubblesort sthn pali� l�sta me b�sh thn nèa (3.3).nèa f-list: Epilegìmeno
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32 Algìrijmo merge dÔo FP-trees3.2.3 'Enwsh FP-treesOrismì 3.3 (union FP-trees). 'Estw dÔo b�sei DB1 kai DB2 me N1 kai N2 dosolhy�e p�nwsto �dio sÔnolo antikeimènwn Σ kai fpt1, fpt2 ta FP-trees pou kataskeu�zontai gia minimum

support ξ1 kai ξ2 ant�stoiqa. Or�zoume w fptu = fpt1 union fpt2 to FP-tree pou prokÔptei apìth suqn¸neush twn monopati¸n twn dÔo dèntrwn oi opo�oi perilamb�noun ta �dia antike�mena,ìpou gia k�je kìmbo pou sugqwneÔetai countiu = counti1 + counti2 .L mma 3.3. 'Estw fpt1 kai fpt2 dÔo FP-trees me dosolhy�e p�nw sto �dio sÔnolo antikeimè-nwn. H pr�xh fpt1 union fpt2 or�zetai an kai mìnon an ta dèntra èqoun to �dio sq ma.Apìdeixh. (⇐) An ta FP-trees èqoun to �dio sq ma, shma�nei ìti oi seirè suqn¸n antikeimènwntou èqoun thn �dia taxinìmhsh. Epomènw, sthn ènws  tou de ja up�rqoun monop�tia pouna apeikon�zoun dosolhy�e me ta �dia suqn� antike�mena all� diaforetik  di�taxh twn kìmbwn,pr�gma pou apagoreÔetai apì ton orismì kai ton trìpo kataskeus  tou FP-tree.(⇒) To apotèlesma th pr�xh union metaxÔ dÔo FP-trees sÔmfwna me ton orismì 3.3 e�nai èna
FP-tree ìpou oi kl�doi pou perilamb�noun ta �dia antike�mena èqoun sugqwneuje�. Epomènw,den up�rqoun monop�tia sta dÔo dèntra pou na èqoun ta �dia antike�mena stou kìmbou all�diaforetik  seir� kai �ra ta dèntra èqoun to �dio sq ma.Algìrijmo 3.4 'Enwsh FP-trees.E�sodo: FP-tree T1, FP-tree T2'Exodo: FP-tree Tu = T1 union T2Mèjodo: kl sh th procedure add trees(T1.root,T2.root)

procedure add trees(n1,n2)(1) gia k�je paid� c2 tou kìmbou n2 {(2) an uparqei paid� c1 tou kìmbou n1 pou èqei to �dio antike�meno {(3) jèse c1.count = c1.count + c2.count?(4) k�lese thn add trees(T1, T2, c1, c2)? }(5) alli¸(6) krèmase to upodèntro me r�za c2 apì ton kìmbo n1?
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(g) fptuSq ma 3.5: Par�deigma ènwsh dÔo FP-trees3.3 SÔnoyhO Algìrijmo 3.1 tou merge FP-trees ekmetalleÔetai prohgoÔmene efarmogè th FP-growthse b�sei me dosolhy�e p�nw sto �dio sÔnolo antikeimènwn, en¸nonta ta FP-trees pou èqounkataskeuaste� me stìqo apodotikìtero mining th ènwsh twn b�sewn. Ta pleonekt mata toualgor�jmou e�nai ta ex :
• apofeÔgetai h ex� arq  kataskeu  tou dèntrou gia thn enopoihmènh b�sh, h opo�a, sÔm-fwna me ton algìrijmo kataskeu  tou FP-tree, pro�pojètei dipl  ep�skeyh sth b�sh.To polÔ polÔ na qreiaste� s�rwsh twn epimèrou b�sewn gia enhmèrwsh twn FP-treestou, h opo�a afenì den e�nai p�nta apara�thth, afetèrou antistoiqe� ousiastik� se m�as�rwsh th enopoihmènh b�sh kai ìqi se dÔo.
• apì to L mma 2.1 tou Kefala�ou 2, to FP-tree èqei, sth genik  per�ptwsh, mikrìteropl jo xeqwrist¸n monopati¸n apì to sunolikì pl jo twn dosolhyi¸n sth b�sh. Wek toÔtou, oi pr�xei enhmèrwsh sta  dh up�rqonta FP-tree e�nai kat� b�sh ligìtereapì ti pr�xei eisagwg  dosolhyi¸n sto FP-tree pou kataskeu�zetai ex� arq  gia thnenopoihmènh b�sh.
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35
KEF�ALAIO 4

Ulopo�hsh
Met� thn jewrhtik  an�lush tou merge dÔo FP-trees, ìpw parousi�sthke sto prohgoÔmenokef�laio, akolouje� h perigraf  th ulopo�hsh pou ègine sta pla�sia th melèth th ep�dos tou. Sugkekrimèna, ulopoi jhke h kataskeu  th dom  FP-tree, h kataskeu  tou merged FP-

tree kai h mèjodo FP-growth gia ton èlegqo th orjìthta tou proteinìmenou algor�jmou. Horg�nwsh kai ta kuriìtera tm mata tou k¸dika pou anaptÔqjhke, parajètontai sth sunèqeia,maz� me epark  sqoliasmì.4.1 Perigraf H ulopo�hsh ègine se gl¸ssa programmatismoÔ C++, se platfìrma Windows XP SP2 kaiperib�llon cygwin 1.5.21-1 me ton metaglwttist  gcc-g++ 3.4.4�1 tou gnu project.Oi kÔrie leitourg�e tou progr�mmato e�nai trei:1. Kataskeu  tou dèntrou suqn¸n protÔpwn FP-tree m�a b�sh me dosolhy�e gia proka-jorismèno support kai apoj keus  tou sto d�sko.2. An�kthsh apì to d�sko dÔo apojhkeumènwn FP-trees kai kataskeu  tou merged FP-treeme ton proteinìmeno algìrijmo.3. Efarmog  th mejìdou FP-growth se èna FP-tree gia thn exìruxh tou sunìlou twnsuqn¸n protÔpwn th ant�stoiqh b�sh.H apoj keush twn FP-trees met� thn kataskeu  tou kr�jhke skìpimo na ulopoihje� giathn axiìpisth dienèrgeia twn peiram�twn, kaj¸ se diaforetik  per�ptwsh h diadikas�a tou
merge ja efarmozìtan se dèntra pou up rqan  dh sth mn mh kai �ra ja up rqe megalÔterhpijanìthta na e�nai pio gr gorh apì thn ex� arq  kataskeu  tou FP-tree gia thn ènwsh twn



36 Ulopo�hshb�sewn. Se pragmatikè sunj ke, h per�ptwsh aut  apotele� thn exa�resh, qwr� bèbaia toendeqìmeno na apokle�etai tele�w.M�a episkìphsh twn kl�sewn pou anaptÔqjhkan kai twn sqèsewn metaxÔ tou fa�netai sto
UML di�gramma tou Sq mato 4.1.
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Sq ma 4.1: UML di�gramma twn kl�sewn.Thn kataskeu  kai apoj keush tou FP-tree qeir�zetai h kl�sh BuildFPtree en¸ h epexer-gas�a th b�sh me ti dosolhy�e g�netai apì thn kl�sh TransactionHandler. H teleuta�a,br�skei th seir� suqnìthta twn antikeimènwn th b�sh kai taxinome� k�je dosolhy�a me b�shaut . K�je taxinomhmènh dosolhy�a eis�getai me thn ant�stoiqh mèjodo th BuildFPtree stodèntro. Met� to tèlo th diadikas�a kataskeu , to dèntro apojhkeÔetai ston sklhrì d�skose duadik  morf . H BuildFPtree uposthr�zei kai �lle mejìdou epexergas�a tou FP-tree,oi opo�e qrhsimopoioÔntai apì ti upìloipe kl�sei tou progr�mmato kai perigr�fontai sthsunèqeia tou kefal�iou.H ulopo�hsh tou proteinìmenou algor�jmou merge dÔo dèntrwn suqn¸n protÔpwn g�netaimèsw th kl�sh MergeFPtrees. H kl�sh aut , anasÔrei apì to d�sko dÔo FP-trees pouèqoun apojhkeute� se prohgoÔmene kl sei tou progr�mmato kai perilamb�nei mejìdou giaton kajorismì th seir� suqnìthta tou merged FP-tree, ton èlegqo gia pijan  an�gkhenhmèrwsh twn dèntrwn apì ti ant�stoiqe b�sei dosolhyi¸n, ton metasqhmatismì kai thnènwsh twn dèntrwn. To telikì dèntro pou prokÔptei mpore� ek nèou na apojhkeute� sto d�sko,gia epauxhtik  (incremental) efarmog  th mejìdou.



4.2 Leptomèreie ulopo�hsh 37H kl�sh FPgrowth ulopoie� thn ant�stoiqh mèjodo exìruxh suqn¸n protÔpwn. Qrhsimo-poie� to FP-tree pou èqei kataskeuaste� apì thn BuildFPtree   pou èqei prokÔyei apì thn
MergeFPtrees kaj¸ kai ti mejìdou th pr¸th gia thn kataskeu  twn conditional FP-treekai ektele� to mining sÔmfwna me ton Algìrijmo 2.3 pou perigr�fhke sto Kef�laio 2. Tasuqn� prìtupa pou prokÔptoun maz� me to support tou sth b�sh, apojhkeÔontai se arqe�osto d�sko gia peraitèrw epexergas�a.4.2 Leptomèreie ulopo�hsh4.2.1 Kataskeu  kai apoj keush FP-treeGia thn kataskeu  tou FP-tree m�a b�sh dosolhyi¸n gia èna prokajorismèno el�qisto sup-

port sunerg�zontai dÔo kl�sei: h TransactionHandler kai h BuildFPtree.K¸dika 4.1 Orismì kl�sh TransactionHandler
class Transact ionHandler {
public :

class Transact ion : public std : : set<i tem t> {
public :

Transact ion ( ) : TID(−1) {}

˜Transact ion ( ) {}

i t em t& getTID (){ return TID ; }

private :
i t em t TID ;

} ;

typedef Transact ion : : i t e r a t o r TIter ;

template<class T>

count t f indFreqItems (T& freqItems , double& support ) ;

template<class T>

count t nextTransact ion (T& t ran sa c t i on ) ;

template<class T, class V>

count t SortTransact ion (T& trans , V& f r e q ) ;

Transact ionHandler ( std : : i s t ream& in ) : in ( in ) {}
˜Transact ionHandler ( ) {}

private :
bool getNextItem ( i t em t& item , char& c ) ;

std : : i s t ream& in ;
} ; H TransactionHandler qeir�zetai ti dosolhy�e th b�sh, h opo�a br�sketai apojhkeu-



38 Ulopo�hshmènh se èna arqe�o. Arqik�, sullègei ti suqnìthte k�je antikeimènou diatrèqonta m�a for�olìklhro to arqe�o, br�skei poia apì aut� e�nai suqn� me th mèjodo findFreqItems kai meb�sh to support pou d�netai apì ton qr sth kai ta taxinome� me fj�nousa seir� suqnìthta.Apì th diadikas�a aut  prokÔptei h taxinomhmènh l�sta suqn¸n antikeimènwn th b�sh, mekrit rio thn opo�a ja g�nei h eisagwg  twn antikeimènwn k�je dosolhy�a sto FP-tree.Sth sunèqeia episkèptetai xan� th b�sh kai diatrèqei to arqe�o, aut  th for� an� dosolh-y�a. K�je gramm  tou arqe�ou perilamb�nei m�a dosolhy�a th morf  T = [TID, s], ìpou TIDto monadikì anagnwristikì th kai s to sÔnolo twn antikeimènwn pou perièqei. Gi� autì kaik�je dosolhy�a antistoiq�zetai se èna antike�meno th kl�sh Transaction (K¸dika 4.1) wepèktash tou C++ STL container set me thn prosj kh tou qarakthrisikoÔ anagnwristikoÔth TID sta qarakthristik� th kl�sh. O lìgo gia ton opo�o epilèqjhke to set e�nai epeid taxinome� autìmata ta stoiqe�a tou me aÔxousa alfarijmhtik  seir� kai ètsi ikanopoie�tai todeÔtero krit rio taxinìmhsh twn antikeimènwn th dosolhy�a. K�je tètoia dosolhy�a taxi-nome�tai ek nèou me th mèjodo SortTransaction ap� ìpou prokÔptei èna vector me ta suqn�antike�mena th pou ja eisaqjoÔn sto dèntro, taxinomhmèna me thn epijumht  seir�.To dèntro suqn¸n antikeimènwn ulopoi jhke me th qr sh maps th C++ Standard Tem-

plate Library [10℄. Oi maps e�nai taxinomhmènoi associative containers pou apoteloÔntai apìzeÔgh kleidioÔ/tim  kai ulopoioÔntai eswterik� me duadik� dèntra. H anaz thsh g�netai meb�sh to kleid� en¸ den epitrèpetai na up�rqoun dÔo kataqwr sei me to �dio kleid�. H epilog aut  ègine me stìqo to FP-tree na uposthr�zei duadik  anaz thsh kai ìqi grammik , mei¸nontaètsi ton qrìno pou apaite�tai gia enhmèrwsh tou dèntrou kai diagraf  kìmbwn apì autì.K�je kìmbo tou FP-tree anapar�statai apì èna antike�meno th kl�sh FPnode (K¸di-ka 4.2) kai apotele�tai apì:
• To ìnoma item tou antikeimènou tou kìmbou.
• To pl jo count twn dosolhyi¸n pou perièqoun to monop�ti tou dèntrou mèqri ton kìmboautì.
• 'Enan de�kth parent ston kìmbo�patèra tou sto dèntro.
• 'Enan map children, tÔpou Children, pou perilamb�nei de�kte se ìlou tou kìmbou �paidi� tou sto dèntro.



4.2 Leptomèreie ulopo�hsh 39K¸dika 4.2 Orismì kl�sh FPnode.
typedef std : : map<i tem t , FPnode∗> Chi ldren ;

class FPnode {
public :

i t em t item ;
count t count ;
FPnode∗ parent ;
Chi ldren ch i l d r en ;

} ; To FP-tree ulopoie�tai mèsw th kl�sh FPtree (K¸dika 4.3) kai perilamb�nei:
• 'Enan de�kth root ston kìmbo-r�za tou dèntrou, tÔpou FPnode. H r�za e�nai o mìnokìmbo pou den antistoiqe� se antike�meno th b�sh kai den èqei patèra. Gi� autì kai togn¸risma item pa�rnei thn tim  -1 kai o parent thn tim  null. To count tou aux�netaik�je for� pou èna kìmbo prost�jetai sto dèntro kai �ra sto tèlo th kataskeu  tou,ja perièqei to sunolikì pl jo twn kìmbwn tou dèntrou.
• 'Enan map freqs, tÔpou FreqsTable, pou antistoiq�zei k�je suqnì antike�meno sto

support tou. Me b�sh autìn g�netai o èlegqo gia pijan  diagraf  antikeimènou met�apì k�poia enhmèrwsh tou dèntrou   kat� thn kataskeu  twn conditional FP-trees giathn FP-growth.
• 'Enan map headerTable, tÔpou HeaderTable, o opo�o antistoiq�zei k�je antike�meno seènan vector me ìlou tou kìmbou sto dèntro pou to perièqoun. O vector autì ulopoie�th diasÔndesh twn kìmbwn pou èqoun to �dio antike�meno pou e�nai apara�thth gia thnkataskeu  twn conditional FP-trees kai thn diagraf  antikeimènwn. Epomènw h kat�pl�to di�sqish tou dèntrou, h opo�a apì ton orismì 2.2 g�netai mèsw twn nodeliks, t¸rag�netai diatrèqonta ton vector tou ant�stoiqou antikeimènou.K¸dika 4.3 Orismì kl�sh FPtree.

typedef std : : map<i tem t , count t> FreqsTable ;
typedef std : : vector<FPnode∗> NodeVec ;
typedef std : : map<i tem t , NodeVec> HeaderTable ;

class FPtree {
public :

FPnode∗ root ;
FreqsTable f r e q s ;
HeaderTable headerTable ;

} ; H kl�sh BuildFPtree e�nai h basik  kl�sh qeirismoÔ kai epexergas�a tou FP-tree. W



40 Ulopo�hshgnwr�smata èqei to el�qisto support threshold th b�sh minsupp, to sunolikì pl jo do-solhyi¸n pou perièqei nr of trans, ènan p�naka freqOrder tÔpou vector me thn taxinomh-mènh l�sta suqn¸n antikeimènwn kai fusik� to FP-tree fptree. H eisagwg  twn taxinomh-mènwn suqn¸n antikeimènwn k�je dosolhy�a th b�sh sto FP-tree g�netai me th mèjodo
addTransToTree akolouj¸nta ton Algìrijmo 2.1. Met� thn kataskeu  tou, to dèntro apo-jhkeÔetai maz� me ta upìloipa gnwr�smata th kl�sh ston sklhrì d�sko se duadik  morf  meth mèjodo dump, ¸ste na kataste� dunat  h an�kths  th. Epeid , ìmw, tìso h eggraf  ìsokai to di�basma tou arqe�ou g�netai seiriak� en¸ to FP-tree perilamb�nei de�kte metaxÔ twnkìmbwn, prèpei na up�rqei m�a mèjodo pou ja metatrèpei to dèntro se seiriak  morf . Thnergas�a aut  analamb�nei h serializeTree (K¸dika 4.4) h opo�a bas�zetai sthn anaz thshkat� b�jo (DFS) kai ousiastik� episkèptetai ìlou tou kìmbou tou dèntrou antistoiq�zon-ta ston kajèna m�a monadik  etikèta. 'Etsi, kat� thn apoj keush, oi de�kte antikajist¸ntaiapì thn etikèta tou kìmbou ston opo�o de�qnoun.K¸dika 4.4 Mèjodo serializeTree.
s i z e t BuildFPtree : : s e r i a l i z e T r e e (FPnode∗ v i s i t , map<FPnode∗ , i tem t>& nodeMap)
{

s i z e t s i z e = nodeMap . s i z e ( ) ;
nodeMap [ v i s i t ] = s i z e ;
for ( CIter i t = v i s i t −>ch i l d r en . begin ( ) ; i t != v i s i t −>ch i l d r en . end ( ) ; i t++ )

s e r i a l i z e T r e e ( i t−>second , nodeMap ) ;
return nodeMap . s i z e ( ) ;

}

H BuildFPtree perilamb�nei kai �lle mejìdou epexergas�a tou FP-tree pou qrhsimo-poioÔntai sthn ektèlesh diafìrwn ergasi¸n p�nw sto dèntro en¸ tautìqrona exuphretoÔn kaitou skopoÔ twn upìloipwn kl�sewn tou progr�mmato. O orismì th fa�netai parak�tw.K¸dika 4.5 Orismì kl�sh BuildFPtree.
class BuildFPtree {
public :

count t minsupp ;
count t n r o f t r a n s ;
ItemVector f reqOrder ;

BuildFPtree ( ) {}

virtual ˜BuildFPtree ( ) {}
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class S ing l eP I t e r {
public :

FPnode∗ c ;

S i ng l eP I t e r (FPnode∗ c ) : c ( c ) {}

void i n c r ( ) { c = c−>parent ; }

bool atEnd ( ){
i f ( c−>item==−1) return true ;
else return fa lse ;

}

i t em t getCurrItem (){ return c−>item ; }
} ;

S i n g l eP I t e r g e tS i n g l eP I t e r ( FPtree∗ t , i t em t curr i tem ) {
return S ing l eP I t e r ( t−>headerTable [ curr i tem ] [ 0 ] ) ; }

FPtree∗ getFPtree ( ) { return &fp t r e e ; }

void i n i tFPt r e e ( FPtree∗ t r e e ) ;

template<class T>

void addTransToTree (T& trans , FPtree∗ t ree , count t c ) ;

bool bui ldTree ( std : : i s t ream& in , double& relminsup ) ;

template<class T>

void updateTransToTree (T& trans , ItemVector& newitems ) ;

count t updateTree ( std : : i s t ream& in , ItemVector& newitems ) ;

i t em t s i ng l eP r e f i xPa th ( FPtree∗ t r e e ) ;

void de l e t eS ing l ePath ( FPtree∗ t , i t em t curr i tem ) ;

FPtree∗ pro j e c tTree ( FPtree∗ t , i t em t curr i tem ) ;

bool pruneTree ( FPtree∗ t ree , bool FPGROWTH) ;

void appendChildren ( Chi ldren& target , Chi ldren& source , FPnode∗ parent ,
FPtree∗ t ree , bool SWAP ) ;

void deal locNode (FPnode∗ node ) ;

void dea l l o cTree ( FPtree∗ t ) ;

s i z e t s e r i a l i z e T r e e (FPnode∗ v i s i t o r , s td : : map<FPnode∗ , i tem t>& nodeMap ) ;

void dump( std : : ostream& out ) ;

void r e t r i e v eFPt r e e ( std : : i s t ream& in ) ;

protected :
FPtree f p t r e e ;

void deleteNode ( FPtree∗ t ree , FPnode∗ node ) ;

void removeItem ( FPtree∗ t ree , i t em t item ) ;
} ;



42 Ulopo�hsh4.2.2 Kataskeu  merged FP-treeO proteinìmeno algìrijmo merge dÔo FP-trees, pou perigr�fhke jewrhtik� sto Kef�laio 3,ulopoie�tai mèsw th kl�sh MergeFPtrees (K¸dika 4.6).H kl�sh aut , ìpw fa�netai kaiapì to UML di�gramma tou Sq mato 4.1, e�nai m�a upokl�sh th BuildFPtree, epomènwklhronome� ìla ta qarakthristik� kai ti mejìdou th en¸ prosjètei epiplèon ti mejìdoupou qrei�zontai gia to merge.K¸dika 4.6 Orismì kl�sh MergeFPtrees.
class MergeFPtrees : public BuildFPtree {
public :

MergeFPtrees ( ) { }

˜MergeFPtrees ( ) { }

FPtree∗ addTrees ( FPtree∗ t ree , FPtree∗ addtree ) ;

void swapChildren (FPnode∗ a , FPnode∗ b ) ;

void as s i gnCh i ld r en (FPnode∗ jnode , FPnode∗ j jnode , FPnode∗ nnode ) ;

void swapNodes ( i t em t& item j , i t em t& i t em j j , FPtree∗ t r e e ) ;

void adjustFPtree ( BuildFPtree ∗ s t r ) ;

void i n i tT r e e ( BuildFPtree ∗ f i r s t , BuildFPtree ∗ second ) ;

void mergeTrees ( BuildFPtree& str1 , BuildFPtree& s t r 2 ) ;

unsigned checkForUpdate ( BuildFPtree ∗ s t r1 , BuildFPtree ∗ s t r2 ,
ItemVector& newitems ) ;

} ; O lìgo gia ton opo�o epilèqjhke aut  h ulopo�hsh e�nai oi ex :
• To merge mpore� na jewrhje� san enhmèrwsh tou enì dèntrou apì to �llo kai ennoio-logik� ent�ssetai sti mejìdou epexergas�a enì FP-tree, oi opo�e perilamb�nontaisthn basik  kl�sh BuildFPtree (diagraf  kìmbwn, prosj kh-afa�resh dosolhyi¸n stodèntro, èlegqo gia Ôparxh aploÔ monopatioÔ k.t.l).
• Pollè apì ti mejìdou th BuildFPtree e�nai apara�thte gia thn ulopo�hsh twn Algo-r�jmwn 3.1 kai 3.2, opìte de qrei�zetai na oristoÔn xan� all� qrhsimopoioÔntai apeuje�aapì thn MergeFPtrees. Epiplèon, mpore� na qrhsimopoihje� apeuje�a kai h mèjodo apo-j keush th kl�sh ston sklhrì d�sko kai �ra na doje� h dunatìthta gia incrementalefarmog  tou merge.
• To apotèlesma th ènwsh twn dÔo dèntrwn ousiastik� apotele� èna antike�meno th kl�-sh BuildFPtree afoÔ e�nai èna FP-tree pou èqei to dikì tou support, th dik  tou seir�



4.2 Leptomèreie ulopo�hsh 43suqnìthta kai antistoiqe� se m�a b�sh me n dosolhy�e �èqei dhlad  ìla ta gnwr�smatath BuildFPtree.Akolouj¸nta ta b mata tou Algor�jmou 3.1 g�nontai oi parak�tw diadikas�e.B ma 1o: Kajorismì seir� suqnìthta tou merged FP-treeArqik�, ta dèntra anakt¸ntai apì ton d�sko me th mèjodo retrieveFPtree th BuildFPtree, hopo�a e�nai h akrib¸ ant�strofh th dump. DhmiourgoÔntai ètsi dÔo kl�sei tÔpou BuildFPtreepou èqoun w gnwr�smata ìla ta apara�thta stoiqe�a gia to merge. Sta FP-trees twn kl�sewng�netai èlegqo mèsw th checkForUpdate gia pijan  an�gkh enhmèrwsh apì ti ant�stoiqeb�sei dosolhyi¸n, aniqneÔonta an up�rqoun antike�mena sto èna dèntro pou den up�rqounsto �llo kai antistrìfw. An prokÔyoun tètoia antike�mena, sullègontai se ènan p�naka vector

newitems gia k�je dèntro kai kale�tai h mèjodo updateTree th BuildFPtree gia thn eisa-gwg  twn nèwn antikeimènwn sto dèntro, h opo�a qrhsimopoie� th mèjodo updateTransToTree.K¸dika 4.7 Mèjodo updateTransToTree.
template<class T>

void BuildFPtree : : updateTransToTree (T& trans , ItemVector& newitems ) {
FPnode∗ cnode = fp t r e e . root ;
for ( s i z e t i = 0 ; i < t rans . s i z e ( ) ; i++ ) {

CIter i t = cnode−>ch i l d r en . f i nd ( t rans [ i ] ) ;
i f ( i t == cnode−>ch i l d r en . end ( ) ) {

FPnode∗ nnode = new FPnode ;
nnode−>item = trans [ i ] ;
nnode−>count = 1 ;
nnode−>parent = cnode ;
nnode−>ch i l d r en . c l e a r ( ) ;
cnode−>ch i l d r en [ t rans [ i ] ]= nnode ;
f p t r e e . root−>count+=1;
f p t r e e . f r e q s [ t rans [ i ] ]+=1;
f p t r e e . headerTable [ t rans [ i ] ] . push back ( nnode ) ;
cnode = nnode ;

}
else {

VIter i t = f i nd ( newitems . begin ( ) , newitems . end ( ) , t rans [ i ] ) ;
i f ( i t !=newitems . end ( ) ) {

f p t r e e . root−>count+=1;
f p t r e e . f r e q s [ t rans [ i ] ]+=1;
cnode−>ch i l d r en [ t rans [ i ]]−> count+=1;

}
cnode = cnode−>ch i l d r en [ t rans [ i ] ] ;

}
}

} H diadikas�a eisagwg , updateTransToTree, e�nai mia parallag  th addTransToTree,kaj¸ ousiastik� eis�gei ìse dosolhy�e th b�sh perièqoun antike�mena pou prèpei na pro-



44 Ulopo�hshstejoÔn all� qwr� na aux�nei to count twn kìmbwn pou up�rqoun  dh sto dèntro.Met� thn enhmèrwsh ta dèntra èqoun akrib¸ ta �dia antike�mena all� ìqi kat� an�gkhme thn �dia seir�. Gia na kajoriste� h telik  seir�, pou ja e�nai kai h seir� suqnìthta twnantikeimènwn gia to merged FP-tree, kale�tai h diadikas�a initTree kat� thn opo�a oi maps

freqs twn dÔo dèntrwn ajro�zoun ti ant�stoiqe kataqwr sei tou. 'Etsi, prokÔptoun oitelikè suqnìthte twn antikeimènwn sto merged FP-tree. Tèlo, ta attributes minsupp kai
nr of trans th kl�sh MergeFPtrees pa�rnoun ti swstè tou timè.B ma 2o : Metasqhmatismì twn FP-treesMe b�sh ti nèe suqnìthte twn antikeimènwn, ìpw kajor�sthkan sto prohgoÔmeno b ma, kaito nèo el�qisto support minsupp g�netai o metasqhmatismì twn dÔo dèntrwn. Th diadikas�aaut  analamb�nei h adjustFPtree (K¸dika 4.8) h opo�a kale�tai m�a for� gia k�je dèntro kaie�nai h ulopo�hsh th tou Algor�jmou 3.2. H procedure path adjust tou en lìgw algor�jmouantistoiqe� sth mèjodo swapNodes.K¸dika 4.8 Mèjodo metasqhmatismoÔ FP-tree adjustFPtree.
void MergeFPtrees : : adjustFPtree ( BuildFPtree ∗ s t r ) {

// prune th e t r e e t o remove i n f r e q u e n t i t em s

pruneTree ( s t r−>getFPtree ( ) , fa l se ) ;

// app l y bubb l e S o r t t o th e f r e q u e n c y o r d e r a c c o r d i n g to th e t o t a l

// f r e q u e n c i e s o f each i t em i n th e f r e q s t a b l e

for ( s i z e t i = 0 ; i < s t r−>f reqOrder . s i z e ()−1; i++ ) {
for ( s i z e t j = 0 ; j < s t r−>f reqOrder . s i z e ()−1− i ; j++ ) {

// i n c a s e two a d j a c e n t i t em s have to be swaped

i f ( ( s t r−>getFPtree()−> f r e q s [ s t r−>f reqOrder [ j ] ] <

s t r−>getFPtree()−> f r e q s [ s t r−>f reqOrder [ j +1 ] ] ) | |
( ( s t r−>getFPtree()−> f r e q s [ s t r−>f reqOrder [ j ] ] ==

str−>getFPtree()−> f r e q s [ s t r−>f reqOrder [ j +1 ] ] ) &&
( st r−>f reqOrder [ j ] > s t r−>f reqOrder [ j +1])) ) {

// c a l l swap node s f o r th e r e s p e c t i v e i t em s

swapNodes ( s t r−>f reqOrder [ j ] , s t r−>f reqOrder [ j +1] , s t r−>getFPtree ( ) ) ;

// swap the i t em s i n th e f r e q u e n c y o r d e r

swap ( s t r−>f reqOrder [ j ] , s t r−>f reqOrder [ j +1 ] ) ;
}

}
}

}

B ma 3o : 'Enwsh twn FP-treesMet� to tèlo twn metasqhmatism¸n ta dèntra ektì apì ta �dia antike�mena èqoun kai to �diosq ma. To mìno pou apomènei gia thn olokl rwsh th diadikas�a tou merge twn FP-trees



4.2 Leptomèreie ulopo�hsh 45e�nai h ènwsh twn dèntrwn. H mèjodo addTrees(K¸dika 4.9), ousiastik� prosjètei to ènaK¸dika 4.9 'Enwsh FP-trees me th mèjodo addTrees.
FPtree∗ MergeFPtrees : : addTrees ( FPtree∗ t ree , FPtree∗ addtree ) {

// update r o o t ’ s c ount

t ree−>root−>count+=addtree−>root−>count ;
// add a l l node s o f a d d t r e e t o th e r e s p e c t i v e e l em en t s o f t r e e ’ s h e ad e rTab l e

for ( HIter i t 1 = tree−>headerTable . begin ( ) ;
i t 1 != tree−>headerTable . end ( ) ; i t 1++ )

for ( NIter i t 2 = addtree−>headerTable [ i t1−> f i r s t ] . begin ( ) ;
i t 2 != addtree−>headerTable [ i t1−> f i r s t ] . end ( ) ; i t 2++ ) {

t ree−>headerTable [ i t1−> f i r s t ] . push back (∗ i t 2 ) ;
}

// c a l l a pp endCh i l d r en to hang a dd t r e e f rom t r e e ’ s r o o t

appendChildren ( t ree−>root−>ch i ld r en , addtree−>root−>ch i ld r en ,
t ree−>root , t ree , fa l se ) ;

return t r e e ;
}dèntro sto �llo kal¸nta thn appendChildren �h opo�a ulopoie� ton Algìrijmo 3.4 kai èqeioriste� sthn BuildFPtree� kai epistrèfei to FP-tree fptree th kl�sh MergeFPtrees.K¸dika 4.10 Mèjodo appendChildren.
void BuildFPtree : : appendChildren ( Chi ldren& target , Chi ldren& source ,

FPnode∗ parent , FPtree∗ t , bool SWAP )
{

for ( CIter i t = source . begin ( ) ; i t != source . end ( ) ; ) {
CIter i t e r = ta rg e t . f i nd ( i t−> f i r s t ) ;
i f ( i t e r != ta r g e t . end ( ) ) {

i t e r −>second−>count += i t−>second−>count ;
NIter i t r = f i nd ( t−>headerTable [ i t−> f i r s t ] . begin ( ) ,

t−>headerTable [ i t−> f i r s t ] . end ( ) , i t−>second ) ;
t−>headerTable [ i t−> f i r s t ] . e r a s e ( i t r ) ;
i f ( !SWAP)

appendChildren ( i t e r −>second−>ch i ld r en , i t−>second−>ch i ld r en ,
i t e r −>second , t , fa l se ) ;

dea l locNode ( i t−>second ) ;
source . e r a s e ( i t ++);

} else {
source [ i t−> f i r s t ]−>parent = parent ;
t a r g e t [ i t−> f i r s t ]= i t−>second ;
++i t ;

}
}

} Prèpei na shmeiwje� ìti h appendChildren e�nai m�a mèjodo sugq¸neush kìmbwn pouèqoun �dio antike�meno kai �dio patèra kai kale�tai Ôstera apì diagrafè   metasqhmatismoÔ.



46 Ulopo�hsh4.2.3 Mèjodo FP-growthSto FP-tree pou prokÔptei e�te apì thn BuildFPtree e�te apì thn MergeFPtrees ektele�tai oalgìrijmo FP-growth gia thn eÔresh twn suqn¸n protÔpwn th b�sh sthn opo�a antistoi-qoÔn. H ulopo�hsh tou algor�jmou ègine mèsw th an�stoiqh kl�sh FPgrowth o orismì thopo�a fa�netai ston K¸dika 4.11. H kl�sh èqei parametropoihje� gia na mpore� na qrhsimopoih-je� gia opoiod pote ulopo�hsh tou FP-tree arke� aut  na perilamb�nei mejìdou kataskeus 
conditional FP-tree kai elègqou gia Ôparxh aploÔ monopatioÔ.K¸dika 4.11 Orismì kl�sh FPgrowth.
template<class STRUCTURE> class FPgrowth { public :

typedef typename STRUCTURE: : S i ng l eP I t e r S i ng l eP I t e r ;

count t minsupp ;
std : : o f s tream& out ;
STRUCTURE∗ t r e e ;
count t c f r e q ;
ItemVector cu r r i t emse t ;

void outputPush ( i t em t item ) {
cu r r i t emse t . push back ( item ) ; }

void outputPop ( ) {
cu r r i t emse t . pop back ( ) ;

}

void outputWriteLow ( count t supp ) {
writeItemsetAndCounter ( out , cu r r i t emse t . begin ( ) , cu r r i t emse t . end ( ) , supp ) ;

}

void outputWrite ( count t supp ) {
outputWriteLow ( supp ) ;

}

void outputPushAndWrite ( i t em t item , count t supp ) {
outputPush ( item ) ; outputWrite ( supp ) ;

}

void s ing l ePRecurse (typename STRUCTURE: : S i ng l eP I t e r i t ){
while ( i t . i n c r ( ) , ! i t . atEnd ( ) ) {

outputPushAndWrite ( i t . getCurrItem ( ) , c f r e q ) ;
s ing l ePRecurse ( i t ) ;

}
outputPop ( ) ;

}

void mineFI ( FPtree∗ t ) ;

void f indFI (STRUCTURE& s t r ) ;

FPgrowth ( std : : o f s tream& out ) : out ( out ) {}

˜FPgrowth ( ) {} ;



4.2 Leptomèreie ulopo�hsh 47H basik  mèjodo pou ektele� to mining sto FP-tree e�nai h mineFI (K¸dika 4.12). SÔm-fwna me ton Algìrijmo 2.3, pr¸ta elègqetai an to dèntro èqei aplì monop�ti. Autì g�netaimèsw th mejìdou singlePrefixPath th BuildFPtree h opo�a epistrèfei to antike�meno touteleuta�ou kìmbou tou monopatioÔ   -1 an den up�rqei aplì monop�ti. An up�rqei, akolouje�taih anadromik  diadikas�a singlePRecurse gia thn eÔresh ìlwn twn dunat¸n sunduasm¸n toumonopatioÔ me to ant�stoiqo support qrhsimopoi¸nta èna antike�meno th kl�sh SinglePIterpou èqei oriste� sthn BuildFPtree kai apotele� ousiastik� ènan iterator gia to aplì mono-p�ti. K�je sunduasmì pou prokÔptei gr�fetai sto arqe�o twn apotelesm�twn me th mèjodoK¸dika 4.12 EÔreush suqn¸n protÔpwn me th mèjodo mineFI.
template<class STRUCTURE>
void FPgrowth<STRUCTURE> : : mineFI ( FPtree∗ t ) {

i f ( t ) {
i t em t spdepth ;
spdepth = tree−>s i ng l eP r e f i xPa th ( t ) ;
i f ( spdepth ) {

S ing l eP I t e r i t = tree−>g e tS i ng l eP I t e r ( t , spdepth ) ;
while ( ! i t . atEnd ( ) ) {

this−>c f r e q = t−>f r e q s [ i t . c−>item ] ;
outputPushAndWrite ( i t . c−>item , c f r e q ) ;
s ing l ePRecurse ( i t ) ;
i t . i n c r ( ) ;

}
t ree−>de l e t eS ing l ePath ( t , spdepth ) ;

}
for ( RVIter i t = tree−>f reqOrder . rbeg in ( ) ;

i t != tree−>f reqOrder . rend ( ) ; i t++)
{

i f ( t−>f r e q s [∗ i t ] < minsupp ) continue ;
this−>c f r e q = t−>f r e q s [∗ i t ] ;
outputPushAndWrite (∗ i t , c f r e q ) ;
outputPop ( ) ;
outputPush (∗ i t ) ;
FPtree∗ c f p t = new FPtree ( ) ;
c f p t = tree−>pro j e c tTree ( t ,∗ i t ) ;
mineFI ( c f p t ) ;
outputPop ( ) ;
t ree−>dea l l o cTree ( c f p t ) ;

}
}

}

outputPushAndWrite. Sth sunèqeia, gia na apomon¸soume to upìloipo dèntro ¸ste na ekte-lèsoume to mining, �diagr�foume� to aplì monop�ti ap� to FP-tree me thn deleteSinglePathth BuildFPtree. H diagraf  ìmw de sunep�getai diagraf  twn kìmbwn tou aploÔ monopa-tioÔ apì to dèntro all� mhdenismì twn support tou apì ton map freqs tou FP-tree. Autìg�netai gia na parame�noun men sto dèntro kai na summet�sqoun sthn kataskeu  twn conditio-

nal FP-trees twn upìloipwn antikeimènwn tou dèntrou all� na mhn ege�roun thn anadromik diadikas�a giat� tìte ja prokÔyoun dipl� apotelèsmata. 'Etsi, gia k�je antike�meno th sei-



48 Ulopo�hshr� suqnìthta, xekin¸nta apì to ligìtero suqnì, pou èqei support megalÔtero   �so tou
minsupp th b�sh, kataskeu�zetai to conditional FP-tree me th mèjodo projectTree (K¸-dika 4.13) th BuildFPtree h opo�a ousiastik� prob�llei to FP-tree w pro èna antike�menokai h mèjodo mineFI kale�tai anadromik�.K¸dika 4.13 Mèjodo kataskeu  conditional FP-tree.
FPtree∗ BuildFPtree : : p ro j e c tTree ( FPtree∗ f u l l , i t em t curr i tem ) {

FPtree∗ p r o j t r e e = new FPtree ( ) ;
i n i tFPt r e e ( p r o j t r e e ) ;
deque<i tem t> t rans ;
// f o r a l l node s t h a t c o n t a i n c u r r i t e m

for ( NIter i t = f u l l −>headerTable [ curr i tem ] . begin ( ) ;
i t != f u l l −>headerTable [ curr i tem ] . end ( ) ; i t++ ) {

FPnode∗ cnode = ∗ i t ;
t rans . c l e a r ( ) ;
count t c = cnode−>count ;
// c a t c h pa th s t h a t c o r r e s p o n d the c o n d i t i o n a l p a t t e r n ba s e o f c u r r i t e m

FPnode∗ nnode = cnode−>parent ;
while ( nnode!= f u l l −>root ) {

t rans . push f ront ( nnode−>item ) ;
nnode = nnode−>parent ;

}
// add t h e s e t o th e c o n d i t i o n a l fp− t r e e

addTransToTree ( trans , p ro j t r e e , c ) ;
}
// prune i n f r e q u e n t i t em s

pruneTree ( p ro j t r e e , true ) ;
i f ( ! p r o j t r e e−>root−>ch i l d r en . empty ( ) )

return p r o j t r e e ;
else {

dea l l o cTree ( p r o j t r e e ) ;
return NULL;

}
}



49
KEF�ALAIO 5

Melèth Ep�dosh tou algor�jmou
H jewrhtik  melèth tou merge dÔo dèntrwn suqn¸n antikeimènwn anèdeixe ta pleonekt mat�th se sqèsh me thn klasik  kataskeu  tou FP-tree gia thn ènwsh dÔo b�sewn me dosolhy�e.H ulopo�hs  tou, d�nei th dunatìthta gia peiramatik  epibeba�wsh th jewr�a. Sto kef�laiopou akolouje� parousi�zetai h melèth ep�dosh th proteinìmenh mejìdou ènwsh dÔo FP-

trees. Perigr�fetai analutik� h peiramatik  diadikas�a kai ta apotelèsmata pou proèkuyanen¸ sto tèlo parajètontai ta sumper�smata th ergas�a kaj¸ kai prot�sei gia pijanèepekt�sei.5.1 Ta dedomènaGia thn dienèrgeia twn peiram�twn kataskeu�sthkan sunjetik� dedomèna pou akoloujoÔn thn
Zipfian katanom . H katanom  aut  bas�zetai ston empeirikì Nìmo tou Zipf [16℄ pou prot�jhkepr¸ta apì ton Amerikanì glwssolìgo kai filìlogo George Kingsley Zipf kai dhl¸nei [9℄ ìti:h suqnìthta Pi me thn opo�a apant�tai h i-ost  suqnìterh lèxh se m�a gl¸ssae�nai sqedìn antistrìfw an�logh th t�xh -i th lèxh sto p�naka suqnot twn,

Pi ∝ 1/iz, ìpou h par�metro z e�nai kont� sth mon�da.O nìmo tou Zipf shma�nei praktik� ìti l�ge lèxei qrhsimopoioÔntai polÔ suqn� en¸ pollèe�nai oi lèxei pou h suqnìtht� tou e�nai mikr .Orismì 5.1 (Zipfian distribution [6℄). 'Estw p diaforetikè timè (1,. . . ,p) oi opo�e ako-loujoÔn Zipfian katanom  me par�metro z. Tìte h pijanìthta th tim  i e�nai 1/ ciz, ìpou
c =

∑p
i=1 1/ iz gia thn kanonikopo�hsh th katanom . H Zipfian katanom  lègetai suqn� kaikatanom  Z en¸ h par�metro z pa�rnei sun jw timè kont� sth mon�da.



50 Melèth Ep�dosh tou algor�jmouO lìgo gia ton opo�o epilèqjhke h sugkekrimènh katanom , e�nai giat� apant�tai polÔsuqn� se pragmatik� dedomèna kai epomènw diasfal�zei thn axiopist�a twn peiramatik¸n apo-telesm�twn.Ta dedomèna pou kataskeu�sthkan akoloujoÔn Zipfian katanom  me par�metro z = 0.5 kai
z = 1 kai me mègejo lexilog�ou p = 5000. Sto Sq ma 5.1 fa�netai h katanom  twn emfan�sewntwn antikeimènwn tou lexilog�ou gia k�je m�a apì ti dÔo paramètrou. Oi b�sei apoteloÔntaiapì 105, 2.5 · 105 kai 106 dosolhy�e. Epomènw, kataskeu�zontai sunolik� èxi diaforetikèb�sei me dosolhy�e.

10
0

10
1

10
2

10
3

10
4

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

rank

fr
eq

ue
nc

y 
pr

ob
ab

ili
ty

Zipfian distribution

z = 0.5
z = 1

Sq ma 5.1: Zipfian katanom  twn peiramatik¸n dedomènwn.Parat rhsh 5.1. Apì to di�gramma tou sq mato 5.1 prokÔptei ìti gia z = 0.5 ta antike�-mena me meg�lo rank èqoun megalÔterh pijanìthta emf�nish ap� ìti sthn ant�stoiqh per�ptwshgia z = 1. Epomènw, gia qamhlì support, to pl jo twn suqn¸n antikeimènwn th b�sh me
z = 0.5 ja e�nai megalÔtero ap� o,ti gia z = 1.5.2 Mejodolog�aGia k�je m�a apì ti èxi b�sei N dosolhyi¸n akolouj ke h ex  diadikas�a:B ma 1o: Ektele�tai o algìrijmo FP-growth me katwflikì support s[%] ap� ìpou prokÔ-ptei to sÔnolo twn suqn¸n protÔpwn th b�sh en¸ tautìqrona katagr�fetai o qrìnodi�rkeia th diadikas�a trebuild.



5.3 Apotelèsmata 51B ma 2o: H b�sh qwr�zetai se dÔo �sa mèrh, dhmiourg¸nta dÔo nèe b�sei me pl jo do-solhyi¸n N1 = N2 = N/2.B ma 3o: Efarmìzetai h FP-growth se k�je m�a apì ti dÔo b�sei me el�qista support

s1[%] kai s2[%] ant�stoiqa, gia ta opo�a sÔmfwna me to Pìrisma 3.1 tou Kefala�ou 3 japrèpei na isqÔei:
s1 + s2

2
= s (5.1)Ta FP-trees pou kataskeu�zontai apojhkeÔontai ston d�sko.B ma 4o: Ektele�tai o algìrijmo tou merge anakt¸nta ta apojhkeumèna dèntra, efarmì-zetai h FP-growth sto telikì dèntro, ap� ìpou prokÔptoun ta suqn� prìtupa gia thnènwsh twn dÔo b�sewn, kai katagr�fetai o qrìno di�rkeia th diadikas�a tmerge.B ma 5o: Sugkr�nontai ta apotelèsmata th FP-growth gia thn arqik  b�sh me aut� pouprokÔptoun apì thn FP-growth sto merged FP-tree, gia na elegqje� h orjìthta toualgor�jmou, kai oi qrìnoi trebuild kai tmerge gia na apotimhje� h ep�dos  tou.B ma 6o: Ta b mata 3�5 epanalamb�nontai gia di�fora support s1 kai s2 tètoia ¸ste naisqÔei h (5.1) .B ma 7o: Ta b mata 1�5 epanalamb�nontai gia diaforetikì support s.Epeid  ta arqe�a twn b�sewn  tan apì 5 èw 51 MB gia th dia�res  tou anaptÔxame ènaaplì prìgramma se Perl en¸ h sÔgkrish twn arqe�wn apotelesm�twn th FP-growth ègine meth mèjodo cmp tou UNIX.Ta peir�mata dienerg jhkan se platfìrma Windows XP SP2 kai perib�llon cygwin 1.5.21-1me epexergast  Intel(R) Pentium(R) D CPU 3.00GHz kai 1,00 GB RAM.5.3 ApotelèsmataO èlegqo twn arqe�wn apotelesm�twn th FP-growth èdeixe ìti, se k�je per�ptwsh, ta su-qn� prìtupa pou prokÔptoun apì to merge twn FP-trees e�nai akrib¸ ta �dia me aut� pouprokÔptoun gia to ex� arq  kataskeuasmèno FP-tree, apodeiknÔonta ètsi thn orjìthta toualgor�jmou. Sta diagr�mmata pou akoloujoÔn parousi�zetai h ep�dosh tou se sqèsh me thnapìluth diafor� diff metaxÔ twn supports twn dÔo upob�sewn kai se antiparabol  me thnklasik  kataskeu  tou FP-tree.



52 Melèth Ep�dosh tou algor�jmou5.3.1 Genik  Perigraf Mègejo b�sh 100.000 dosolhy�eSto Sq ma 5.2 fa�netai h ep�dosh th mejìdou gia 105 dosolhy�e kai par�metro katanom 
z = 1. ParathroÔme ìti kai sti dÔo peript¸sei to merge e�nai pio gr goro apì thn klasik 
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(ii)Sq ma 5.2: Ep�dosh th mejìdou gia 105 dosolhy�e, z = 1.



5.3 Apotelèsmata 53diadikas�a kataskeu  tou FP-tree. Idia�tera ìtan h apìluth diafor� metaxÔ twn supports twndÔo upob�sewn e�nai mikr , h mèjodo e�nai mèqri kai 5 forè pio gr gorh. Genik�, parathroÔmeìti ìso megal¸nei h diafor� twn supports o qrìno pou apaite�tai gia to merge aux�netai �qwr�bèbaia na xepern�ei potè to rebuild. Autì ofe�letai sto gegonì ìti ìso megalÔterh e�nai hdiafor� metaxÔ twn supports, tìso diafèrei kai to pl jo twn antikeimènwn pou up�rqoun stadÔo dèntra. Sugkekrimèna, sthn epimèrou b�sh me to mikrìtero support, ta antike�mena pouup�rqoun sto FP-tree th e�nai perissìtera, me apotèlesma na apaite�tai ektetamènh enhmèrwshtou deÔterou FP-tree prin thn pr�xh th ènwsh twn dèntrwn. H enhmèrwsh antistoiqe� seep�skeyh th ant�stoiqh b�sh, dhlad  se pr�xh I/O, pou kat� tekm rio e�nai qronobìra.Epomènw, to megalÔtero kìsto gia to merge e�nai, ìpw anamenìtan, h enhmèrwsh twn dÔodèntrwn kaj¸ oi pr�xei metasqhmatismoÔ kai ènwsh mporoÔn na g�noun p�ra polÔ gr gora.Sto pr¸to apì ta dÔo diagr�mmata tou Sq mato 5.3, ta opo�a antistoiqoÔn se b�sei mepar�metro katanom  z = 0.5, parathre�tai to ex . Gia diff= 0 o qrìno tou merge e�naimegalÔtero ap� ìti gia merik� diff6= 0. Autì shma�nei apl�, ìti kat� ton qwrismì th b�sh,ta suqn� antike�mena den katanem jhkan omoiìmorfa sti dÔo epimèrou b�sei. Dhlad , ènasuqnì antike�meno th b�sh emfan�zetai ti perissìtere forè sth m�a epimèrou b�sh kail�go sthn �llh, en¸ gia èna �llo isqÔei to ant�jeto. Epomènw, ta dÔo dèntra èqoun poll�diaforetik� antike�mena kai kat� epèktash apaitoÔn pollè enhmer¸sei. Akrib¸ lìgw aut th anomoiomorf�a, ìtan ta support twn upob�sewn e�nai diaforetik�, tuqa�nei ta dèntra naèqoun perissìtera koin� antike�mena. Wstìso, se ìle ti peript¸sei, tuqa�e   mh, to mergesuneq�zei na e�nai pio gr goro.Sto di�gramma tou Sq mato 5.3(ii), ìpou to support th olik  b�sh e�nai 3%, to mergeg�netai polÔ pio gr gora. Ki autì giat� to el�qisto support pou mpore� na èqei h m�a apìti dÔo epimèrou b�sei ¸ste na isqÔei h (1.1) den e�nai tìso mikrì ìso sthn prohgoÔmenhper�ptwsh, ki ètsi an kai h mègisth apìstash diff e�nai h �dia   kai megalÔterh, oi enhmer¸seipou apaitoÔntai den e�nai tìse pollè. H ep�dosh tou algor�jmou ed¸ e�nai entupwsiak , ìqitìso gia thn t�xh th diafor� th apì to rebuild ìso gia thn stajerìtht� th.
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(ii)Sq ma 5.3: Ep�dosh th mejìdou gia 105 dosolhy�e, z = 0.5.



5.3 Apotelèsmata 55Mègejo b�sh 250.000 dosolhy�eTa ant�stoiqa diagr�mmata gia 250.000 dosolhy�e parousi�zontai sta Sq mata 5.4, 5.5. Kaied¸ ta sumper�smata de diafèroun. H mình ep�drash th aÔxhsh tou megèjou th b�sh
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(ii)Sq ma 5.4: Ep�dosh th mejìdou gia 2.5 · 105 dosolhy�e, z = 1.e�nai sthn aÔxhsh tou apaitoÔmenou qrìnou kai gia tou dÔo trìpou kataskeu  tou FP-
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tree. Kai se autè ti peript¸sei to merge den xepern�ei to rebuild, an kai mpore� naft�sei arket� kont� tou (Sq ma 5.5(i)). Prèpei na shmei¸soume idia�tera thn per�ptwsh tou
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(ii)Sq ma 5.5: Ep�dosh th mejìdou gia 2.5 · 105 dosolhy�e, z = 0.5.Sq mato 5.5(ii), ìpou ìtan ta support twn upob�sewn e�nai �dia, o qrìno pou apaite�tai gia to
merge te�nei sto mhdèn, upodhl¸nonta ìti den apait jhkan kajìlou enhmer¸sei kai pijan¸



5.3 Apotelèsmata 57oÔte metasqhmatismo�. An kai aut  h per�ptwsh den e�nai o kanìna, h emf�nis  th apodeiknÔeiìti, se idanikè sunj ke, o algìrijmo e�nai p�ra polÔ apotelesmatikì.
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(ii)Sq ma 5.6: Ep�dosh th mejìdou gia 106 dosolhy�e, z = 1.



58 Melèth Ep�dosh tou algor�jmouMègejo b�sh 1.000.000 dosolhy�eParìti to mègejo th b�sh èqei g�nei m�a t�xh megalÔtero apì autì twn b�sewn pou pa-rousiasi�sthkan parap�nw, h ep�dosh tou algor�jmou sugkritik� me to rebuild de moi�zei naephre�zetai. Gia k�je per�ptwsh, isqÔoun ant�stoiqe parathr sei me autè pou èqoun g�nei
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(ii)Sq ma 5.7: Ep�dosh th mejìdou gia 106 dosolhy�e, z = 0.5.



5.3 Apotelèsmata 59gia ti mikrìtere b�sei. Ta apotelèsmata twn peiram�twn fa�nontai sta Sq mata 5.6� 5.7.Kai p�li o proteinìmeno algìrijmo merge apodeiknÔetai idia�tera apotelesmatikì, en¸ staSq mata 5.7(i)�(ii), kai gia thn per�ptwsh th isìthta twn supports twn epimèrou b�sewn, oqrìno gia to merge twn FP-trees te�nei sto mhdèn.
5.3.2 Ep�drash th metabol  tou supportSta diagr�mmata twn Sqhm�twn 5.8, 5.9, 5.10 parousi�zetai h ep�dosh tou algor�jmou mergese sqèsh me to rebuild gia dÔo diaforetik� support. H genik  parat rhsh e�nai ìti, ìtan to
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Sq ma 5.8: Ep�drash tou support gia 105 dosolhy�e, z = 1.
support th b�sh aux�netai, o algìrijmo apod�dei kalÔtera akìma kai gia meg�lh apìluthdiafor� metaxÔ twn supports twn epimèrou b�sewn. Antijètw, gia mikrìtero support hep�dosh tou algor�jmou pèftei apìtoma me thn aÔxhsh tou diff. Autì sumba�nei giat�, mei¸nontato support, h qamhlìterh tim  pou mpore� na p�rei to s1 (  to s2) ¸ste na isqÔei h (1.1),kine�tai se arket� qamhl� ep�peda (gia ta peir�mat� ma, kont� sto 0.25%). 'Etsi, e�nai poll�ta antike�mena pou eis�gontai sto èna FP-tree kai den eis�gontai sto �llo, ta opo�a sto telikìdèntro de ja e�nai suqn�. Wstìso, h enhmèrwsh tou deÔterou FP-tree prèpei na g�nei gia naelegqjoÔn oi suqnìthtè tou. H enhmèrwsh aut  kost�zei uponomeÔonta thn ep�dosh toualgor�jmou.
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Sq ma 5.9: Ep�drash tou support gia 2.5 · 105 dosolhy�e, z = 0.5.
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Sq ma 5.10: Ep�drash tou support gia 106 dosolhy�e, z = 1.5.3.3 Ep�drash th metabol  tou zSta diagr�mmata twn Sqhm�twn 5.11, 5.12, 5.13 parousi�zetai h ep�dosh tou algor�jmou
merge se sqèsh me to rebuild gia ti dÔo paramètrou katanom  z = 0.5 kai z = 1. Parath-roÔme ìti gia ìla ta megèjh b�sh kai gia to �dio support, o algìrijmo e�nai pio apodotikì



5.3 Apotelèsmata 61ìtan z = 0.5. Epiplèon, ìso h diafor� metaxÔ twn support twn epimèrou b�sewn aux�netai, h
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Sq ma 5.11: Ep�drash th metabol  tou z sth b�sh me 105 dosolhy�e.ep�dos  tou gia z = 1 mei¸netai p�ra polÔ, plhsi�zonta arket� to rebuild en¸ antijètw, gia
z = 0.5, parousi�zetai polÔ pio stajer . H sumperifor� aut  ofe�letai sto gegonì ìti giato mikrìtero z h diaspor� twn suqn¸n emfan�sewn e�nai megalÔterh (Parat rhsh 5.1). 'Etsi,
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Sq ma 5.12: Ep�drash th metabol  tou z sth b�sh me 2.5 · 105 dosolhy�e.akìma ki ìtan h diafor� twn support twn epimèrou b�sewn ft�nei sto ìrio, h pijanìthta ta



62 Melèth Ep�dosh tou algor�jmoudÔo FP-trees na èqoun arket� koin� antike�mena e�nai megalÔterh me apotèlesma na mh qrei�zon-tai qronobìre enhmer¸sei apì th b�sh. Prèpei, bèbaia, na shmei¸soume kai p�li thn uperoq tou merge ènanti tou rebuild.

0 0.5 1 1.5 2 2.5 3 3.5 4
15

20

25

30

35

40

45

50

55

60
support 3%

diff [%]

t(
re

bu
ild

)−
t(

m
er

ge
) 

[s
]

z = 1
z = 0.5

Sq ma 5.13: Ep�drash th metabol  tou z sth b�sh me 106 dosolhy�e.5.3.4 Ep�drash tou megèjou th b�shTa diagr�mmata pou akoloujoÔn apokalÔptoun thn ep�drash tou megèjou th b�sh sthnep�dosh tou algor�jmou. E�nai emfanè, tìso apì to di�gramma tou Sq mato 5.14 ìso kai apìautì tou Sq mato 5.15, ìti gia perissìtere dosolhy�e h mèjodo tou merge d�nei kalÔteraapotelèsmata. H ex ghsh e�nai h ex : to qronikì kìsto kataskeu  tou FP-tree mèsw thklasik  mejìdou e�nai eujèw an�logo tou megèjou th b�sh. 'Etsi, gia th megalÔterh apìti b�sei twn peiram�twn, o qrìno pou apaite�tai e�nai  dh meg�lo. Antijètw, to mergeden exart�tai mìno apì to mègejo twn epimèrou b�sewn, kaj¸ h ep�skeyh   ìqi se autèkajor�zetai apì ti enhmer¸sei pou tuqìn e�nai apara�thte. Sunep¸, gia ti peript¸sei sqe-tik� mikr  diafor� twn support, to kìsto twn enhmer¸sewn e�nai mikrì, oi metasqhmatismo�oÔtw   �llw den diarkoÔn polÔ, ki ètsi h sÔgkrish me to rebuild de�qnei meg�lh diafor�stou qrìnou.
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Sq ma 5.14: Ep�drash tou megèjou th b�sh gia z = 1 kai support= 3%.

0 0.5 1 1.5 2 2.5 3
0

10

20

30

40

50

60

diff [%]

t(
re

bu
ild

)−
t(

m
er

ge
) 

[s
]

z = 0.5, s = 3%

100,000 transactions
250,000 transactions
1,000,000 transactions

Sq ma 5.15: Ep�drash tou megèjou th b�sh gia z = 0.5 kai support= 3%.



64 Melèth Ep�dosh tou algor�jmou5.4 Sumper�smataApì thn melèth twn apotelesm�twn th peiramatik  diadikas�a prokÔptoun ta parak�twsumper�smata sqetik� me thn ep�dosh tou algor�jmou.
¤ H proteinìmenh mèjodo merge dÔo FP-trees pou antistoiqoÔn se dÔo b�sei me dosolh-y�e p�nw sta �dia antike�mena e�nai p�ntote pio gr gorh apì thn klasik  kataskeu  tou

FP-tree gia thn ènwsh twn b�sewn. Se idanik  per�ptwsh m�lista, ìpou den apaitoÔntaienhmer¸sei   metasqhmatismo�, h ep�dosh tou e�nai entupwsiak .
¤ To megalÔtero kìsto prokÔptei ìtan g�nontai enhmer¸sei twn FP-trees apì ti ant�-stoiqe b�sei dosolhyi¸n. Gi� autì, ìso megalÔterh e�nai h diafor� metaxÔ twn supporttwn dÔo b�sewn, tìso uponomeÔetai h ep�dosh tou algor�jmou.
¤ O algìrijmo sumperifèretai kalÔtera gia meg�lh diaspor� twn suqn¸n emfan�sewnantikeimènwn sth b�sh.
¤ Tèlo, h ep�dos  tou se sqèsh me thn klasik  kataskeu  tou FP-tree e�nai kat� b�shkalÔterh gia megalÔtero pl jo dosolhyi¸n.Kat� sunèpeia, h proteinìmenh mèjodo mpore� na apotelèsei èna qr simo ergale�o gia thnexìruxh suqn¸n protÔpwn kai antapokr�netai sti apait sei kai tou stìqou pou jèsamesthn arq  th ergas�a.5.5 Prot�sei gia peraitèrw èreuna
• Sthn ergas�a aut  asqolhj kame me thn an�ptuxh m�a mejìdou epanaqrhsimopo�hsh twn

FP-trees pou èqoun prokÔyei apì prohgoÔmene efarmogè th FP-growth. M�a pijan epèktash ja  tan na melethje� èna trìpo epanaqrhsimopo�hsh kai twn apotelesm�twnth FP-growth pou se sunduasmì me to merge ja d�nei akìma kalÔtera apotelèsmata.
• H ulopo�hsh tou FP-tree ègine me th qr sh maps th C++ STL gia th belt�wsh tou kì-stou anaz thsh sto dèntro. Ja mporoÔse na g�nei beltistopo�hs  th qrhsimopoi¸ntaènan kat�llhla kataskeuasmèno hash table ¸ste h anaz thsh gia ti enhmer¸sei kai tidiagrafè na g�netai akìma grhgorìtera. Ex�llou, to megalÔtero kìsto tou algor�j-mou entop�zetai sti pijanè enhmer¸sei tou dèntrou. Epomènw, m�a tètoia kateÔjunshja mporoÔse na belti¸sei peraitèrw thn ep�dos  tou.
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