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TOM TAT

Khai thac tap phd bién 1a bai toan co ban khi khai thac dit liéu. Mot trong nhiing
van dé 16n cua khai thac tap phd bién 1a thoi gian thuc thi cia thuat toan khai thac
quéa dai, chi phi cho h¢ théng phan cung 16n. Bé giai quyét van dé ndy, luan van da
tim hiéu, nghién ciru mot phuong phap khai thac song song tap pho bién dya trén
mang Systolic v6i muc tiéu hudng dén 1a dé giam thoi gian tinh toan. Uu diém
chinh cua thuat toan nay 14 c6 thé chay song song nhiéu ludng dir liéu cing mot lic
trén mot may tinh. Qua dé, chi phi thiét ké phan cimg va thoi gian khai thac dir liéu
duoc giam di dang ké. Pé danh gia thuat toan, toi da thi nghiém trén cac co so
dir liéu giao dich chuan danh cho khai thac tap phd bién. Hiéu qua cudc thuat
toan duoc chimg minh bing cach so sanh thoi gian khai thac so v6i cac thuét

toan song song khéc.



ABSTRACT

Frequent itemsets mining is one of the most important concepts in data mining. One
of the major problems in frequent itemset mining is the long execution time of
extraction algorithm, the high cost of hardware systems. To solve this problem, the
thesis has researched a method to parallel frequent itemset mining based on Systolic
array. The target of this method is to reduce the execute time of mining. The main
advantage of this algorithm is able to run in parallel multiple data streams
simultaneously on one computer. Therefore, the cost of hardware system and data
extraction time are reduced significantly. To evaluate the algorithm, experimentations
are done on the database transaction set for mining frequent itemset. The algorithm

efficiency is proven by comparing extraction time to other parallel algorithms.
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MO DAU

Thé gi6i dang & trong thoi dai ma thong tin c6 gia tri rat 16n. Trong kinh doanh
ai ¢6 nhiéu théng tin hon nguoi d6 s& 1am chu thi trudng, trong nghién ctru ai cang
nhiéu thong tin thi nguoi d6 cang c6 nhiéu co hoi thanh cong hon. Véi sy phat trién
va ung dung cta cong nghé thong tin vao nhiéu linh vuc, dic biét 1 Internet thi
luong thong tin d6 cang ngay cang tré nén khong 16. Dé thu thap nhiing thong tin co
ich tir nhitng ngudn dir liéu khong 16 can nhiing k¥ thuat, cong cu méi dé chuyén
d6i nguodn dir liéu nay thanh tri thirc ¢6 ich. Mt khac, trong mdi truong canh tranh
hién nay thi ngudi ta can thong tin voi tbe d6 nhanh dé gitip viéc ra quyét dinh duoc
hiéu qua hon. Viéc sir dung cac ky thuat khai thac dit liéu dé thu thap va trich xuét
nhing thong tin hitu ich tiém an trong cac co sé dit liéu 16n 1a qua trinh phat hién tri
thirc trong co so dir liéu. Khai thac dit liéu hién nay 1a linh vyc mang tinh cap thiét
ctia nén cong nghé thong tin. Nhiéu to chirc, cong ty 16n trén thé gidi dd ap dung
khai thac dir liéu vao cac hoat dong ctia minh va thu duogc nhiéu loi ich.

Céc budc khai thac dit liéu (KTDL) dugc chia 1am nhiéu giai doan va sir dung
nhidu k§ thuit nhu: phan 16p (classification), gom cum (clustering), tong hop
(summarization), khai thac tap pho bién (frequent itemset) dé phat hién luat két hop
(association rules)... Trong d6 khai thac tp phd bién 1a mot van dé kinh dién trong
KTDL. N6 1a mét qua trinh dé tim kiém céc tap phd bién dugc 4n trong mot khdi
luong 16n dir licu dé téom gon hodc mo hinh hoa co s¢ dir liéu, tir d6 phat hién ra céc
luat két hop.

Nhiéu thuat toan di dugc nghién ciru va phat trién dé gitp cho viéc khai thac tap
phd bién tré nén hiéu qua nhu: Apriori, FP-Tree, FP-Growth, Eclat... Cac thuit
toan nay déu giup hd trg tang téc do xtr Iy CSDL, giam thoi gian va chi phi KTDL.
Mot s6 thuat toan duoc cai dit dé xur 1y song song CSDL trén nhiéu hé thong may
tinh nén thoi gian khai thac tdp phd bién dugc giam di dang ké. Mic du vay, van
con ton tai nhiéu van dé nhu: cac két qua thu duoc qua nhiéu 1am cho thoi gian chay
cua thuat toan qua 16n, dic biét 1a & cac CSDL c6 chiéu cao 16n. Cach hiru ich va

thich hop dé giai quyét van dé nay la sir dung k¥ thuat song song va phan tan. Khai



thac song song dit liéu giup ting dang ké kha ning phan tich dit liéu vi sitc manh
tinh toan dugc tang 1én. Tuy nhién, né ciing gip phai mot sd thach thire nhu can
lwong giao tiép 16n, yéu cau vé thiét bi phan cimg cao, can phai ddng bo hoa va can
dbi cac so lidu. Do do, can tim ra thuat toan hiéu qua dé tan dung ti da nang suat
1am viéc cua cac thiét bi phan ctng gitp giam chi phi va ting hiéu suat KTDL.

Vi vay, luan van chon dé tai vé thuat toan “Khai thac song song tap phé bién
dua trén mang Systolic” dé tim hiéu, nghién clru nham xay dyng mot thuat toan
khai thac song song tap phd bién tan dung duogc ti da sirc manh cta phan cing méy

tinh va tiét kiém chi phi giao tiép giita cac hé thong song song.

Muc tiéu dé tai:

Tim hiéu, nghién ctru phuong phéap khai thac song song tip phd bién bang cach
xtr ly dong thoi nhidu ludng dir lidu ciing mot lac dé thoi gian tinh todn co thé o
murc chap nhan duoc. St dung kién trac mang Systolic (Systolic array) dé co thé
diéu khién mot cach déu dan va tan dung duoc kha ning song song cua tit ca cac
phan tir tham gia xtr 1y dir liéu. Qua d6, c6 thé giam thiéu chi phi vé co so ha tang
ctia thiét bi phan cting va ning cao hiéu qua khai thac, thoi gian can thiét ¢¢ KTDL
cling s€ giam di.

Cai dat chuong trinh khai thac CSDL giao dich dua trén thuit toan da tim hiéu
dé so sanh voi cac thudt toan song song di dugc phat trién trude d6 nham tim ra wu,

nhuoc diém cua thuat toan dugc nghién ctru.

Noi dung nghién ctru:

e Tim hiéu cac khai niém vé KTDL, khai thac tap phd bién va phat hién luat két
hop.

e Thu thap, nghién ctu cac CSDL giao dich va cac khai niém, k¥ thuat lién quan.

e Céc thuat toan khai thac song song tap pho bién d va dang duoc phat trién.

e Phuong phap khai thac song song sir dung mang Systolic va wu, nhuoc diém cua

thuat toan.



e Xay dung chuong trinh dé kiém chting va so sénh thuat todn véi cac thuat toan
song song khac.

B6 cuc luén vin:

Chuong 1: Co s6 1y thuyét

Chuong 2: M6t sé phuong phap khai thac tap phd bién

Chuong 3: Thuat toan khai thac song song tap pho bién dya trén mang Systolic
Chuong 4: Xay dung chuong trinh thir nghi¢m

e Tim kiém va thu thap dix liéu

e (Cai dat chuong trinh thyc nghiém

e K&t qua va danh gia



CHUONG 1. CO SO LY THUYET
1.1. Tong quan vé khai thac dir liéu
1.1.1. Muc tiéu ciaa khai thac dir liéu

Khai thac dir liéu 1a mdt khai niém ra doi vao nhiing nam cudi cua thap ky 80,
n6 1a qué trinh tim kiém, khdm pha dudi nhiéu goc do khac nhau nham phét hién
cac mbi lién hé, quan h¢ gitia cac dir liu, doi tuong bén trong CSDL dé rut trich va
tim ra duoc cidc mau, cac md hinh hay thong tin méi, tri thirc tiém an co trong
CSDL chii yéu phuc vu cho mé ta va dy doan. Py 14 giai doan quan trong nhat
trong qua trinh phat hién tri thire tir CSDL, hd trg cho viée ra quyét dinh, diéu hanh
trong khoa hoc va kinh doanh.

Khai thac dit liéu 1a tién trinh kham pha tri thtrc tiém an trong cac CSDL, cu thé
hon, d6 1a tién trinh loc, san sinh nhitng tri thirc hodc cac mau tiém an, nhitng thong
tin hitu ich tr cdc CSDL 16n.

Yéu té thanh cong trong moi hoat dong kinh doanh ngay nay la viéc biét su
dung thong tin c¢6 hidu qua, c6 nghia 1a tir cac dit liéu c6 san phai tim ra nhiing
thong tin tiém an ma truéc d6 chua dugce phat hién, tim ra nhiing xu hudng phat
trién va nhitng yéu t6 tac dong 1én chung. Thyuc hién coéng viéc nay chinh la qué
trinh phat hién tri thitc trong CSDL ma trong d6 cac ky thuat cho phép ta lay duogc
cac tri thirc chinh 1a k¥ thuat KTDL.

Néu quan niém tri thirc 13 mbi quan hé cta cdc mau gitra cac phan tir dir liéu thi
qua trinh phét hién tri thirc chi toan b qua trinh trich xudt tri thirc tir CSDL, trong
d6 trai qua nhiéu giai doan khac nhau nhu: Tim hiéu va phat hién van dé, thu thap
va tién xur Iy dir li¢u, phat hi¢n tri thire, minh hoa, danh gia tri thirec dugc phat hién

va dua két qua vao thuc té.

1.1.2. Qua trinh phat hién tri thirc tir co' s& dir li€u
Phat hién tri thirc tir CSDL 14 qua trinh sir dung nhiéu phuong phap va cong cu

tin hoc nhung van 1a qué trinh ma trong d6 con ngudi lam trung tim. Do d6, nd



khong phai 13 mot hé théng phan tich ty dong ma 1a mot hé thdng bao gém nhiéu
hoat dong tuong tac thuong xuyén giita con ngudi véi CSDL duoc hd trg boi nhicu

hé théng, cong cu [2].
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Hinh 1.1. Qua trinh phat hién tri thirc ttr CSDL [3]

Hinh 1.1 cho thdy qu4 trinh phat hién tri thirc tir CSDL. Bat dau cua qua trinh 13
kho dir liéu tho va két thic véi tri thire duge chiét xuét ra. Vé 1y thuyét thi c6 vé don
gian nhung thyc sy day 1a mot qué trinh rat khé khan, gip phai nhiéu vuéng mac
nhu: quan 1y cac tap dit li¢u, 1ap di 1dp lai toan bd qua trinh...

e Gom dit lidu: Tap hop dir liéu 13 budc dau tién trong qua trinh KTDL. Pay 1a
bude duoc khai thac trong mot co s dix liéu, mot kho dir liéu va tham chi céc dir
liéu tir cac ngudn ang dung Web.

e Lua chon dir liéu: O giai doan nay dit liéu duoc lya chon hoic phan chia theo
mot s6 tidu chuan nao do, vi du chon tit ca nhitng ngudi ¢6 tudi doi tir 25-35 va
¢6 trinh d6 dai hoc.

e Lam sach, tién xu ly va chuan bj truéc dir liéu: Giai doan nay 1a giai doan rat
quan trong trong quéa trinh KTDL nhung thuong bi danh gia thdp. Mot sb 19i
thuong mac phai trong khi gom dix liéu 1a tinh khdng du chat chg, logic. Vi vay,

dir liéu thuong chira cac gia tri vo nghia va khong c6 kha ning két ndi dir liéu.



Vi du: tudi cua ngudi = 200 (qué 16n so véi thuc té). Giai doan nay s& tién hanh
xt ly nhitng dang dir liéu khdng chat ché noi trén. Nhirng dir liéu dang nay duoc
xem nhu thong tin du thira, khdng cé gia tri. Boi vay, ddy 1a mot qua trinh rat
quan trong vi dit liéu nay néu khong duoc “lam sach-tién xir ly-chuan bi truéc”
thi s& gay nén nhiing két qua sai léch nghiém trong.

Chuyén doi dit liéu: Trong giai doan nay, dir liéu dua ra co thé sir dung va diéu
khién dugc boi viéc to chic lai n6. Dit liéu da dugc chuyén ddi phd hop véi muc
dich khai thac.

Phat hién va trich mau dir liéu: Pay 1a budc mang tinh tu duy trong KTDL. O
giai doan nay nhiéu thuat toan khac nhau da duoc sir dung dé trich ra cac mau tir
dir liéu. Thuat toan thuong dung 1a nguyén tic phan loai, nguyén tic két hop
hoic cac mé hinh dit ligu tuan tu...

Panh gia két qua: Day 1a giai doan cudi trong qua trinh KTDL. O giai doan nay,
cac mau dit liéu dugc chiét xuat ra boi phan KTDL. Khéng phai bat cir mau di
liéu nao ciing déu hiru ich, doi khi nd con bi sai léch. Vi vay, can phai vu tién
nhitng tiéu chuan danh gia dé chiét xuat ra cac tri thuc.

Trong qua trinh KTDL véi sau giai dona trén, trong d6 giai doan thr nam |2 giai

doan dugc quan tdm nhi€u nhat, rat nhiéu cac nghién ctru, thuat todn dugc gidi thi¢u

va phat trién nham t6i wu hoa qua trinh KTDL duoc thuc hién & giai doan nay.

1.1.3. Kién triic cia mot hé thong khai thac dir liéu

KTDL 14 qué trinh rat trich thong tin b ich tir nhitng kho dit liéu 16n. KTDL 1a

qua trinh chinh trong khai thac tri thue tir CSDL.

Kién tric ctia mot hé KTDL c¢6 céac thanh phﬁn nhu hinh 1.2:
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Hinh 1.2. Kham pha tri thirc trong CSDL dién hinh

CSDL, kho dir liéu hodc luu trir thong tin khac: Pay 1a mot hay cac tap CSDL,
cac trang tinh hay cdc dang khac cua thong tin duoc luu trit. Cac ky thuat lam sach
dir liéu va tich hop dit liéu co thé dugc thuc hién.

May chii CSDL: May chu c¢6 trach nhiém lay nhitng dit liéu thich hop duya trén
nhitng yéu cau kham pha cta nguoi dung.

Co s6 tri thirc: Day 1a mién tri thirc dung dé tim kiém hay danh gia do quan
trong ctia cac mau két qua thu duogc. Tri thirc ndy ¢ thé bao gdm mot su phan cip
khéi ni¢ém dung dé to chirc cac thudc tinh hay céac gia tri thudc tinh & cac muc triru
tuong khac nhau.

May khai thac dir liéu: 1a mot hé thong KTDL can phai ¢c6 mot tdp cic mod dun
chtrc nang dé thuc hién cong viéc, chéng han nhu két hop, phan 16p, gom cum.

M6 dun danh gid mau: BO phan tuong tac véi cac mdé dun KTDL dé tap trung
vao viéc duyét tim cac miu hiru ich. N6 c6 thé dung cac ngudng vé do pho bién dé
loc mau da kham phd duoc. Ciing c¢6 thé méd dun danh gia mau duoc tich hop vao

mod dun KTDL, tuy theo cach cai dat cua phuong phap KTDL dugc dung.



Giao dién do hoa cho nguoi dimg: Bo phan nay cho phép nguoi dung giao tiép
v6i hé théng KTDL. Thong qua giao dién nay nguoi dung tuong tac véi hé thong
béng cach dac ta mot yéu cau khai thac hay mot nhi¢ém vy, cung cép thong tin trg
gilp cho viéc tim kiém va thuc hién khai thac thim do trén cac két qua khai thac
trung gian. Ngoai ra bd phan nay con cho phép nguoi ding xem cac luoc dd CSDL,
lugc dd kho dit lidu, cac danh gia mau va hién thi cdc mau trong cac khudn dang

khac nhau.

1.1.4. Cac phuwong phap khai thac dir li¢u
C6 rat nhiéu cac phuong phap KTDL, mdi phuong phap c6 dic diém riéng vé
biéu dién mo hinh, ddnh gia mo hinh va cach tim kiém, phi hop v6i mot 16p cac bai
todn vdi cac dang dir li¢u va mién dir liéu nhét dinh. Duéi day la mdt $6 phuong
phép pho bién thudng duge ding:
e Phuong phéap quy nap.
e Cay quyét dinh va luat.
e Phét hién luat két hop.
e Céc phuong phap phan 16p va hdi phi tuyén tinh.
e Gom cum.
e Céc phuong phap dua trén mau.
e KTDL van ban.
e Mang noron.
e Thuat toan di truyeén.
e M0 hinh phu thudc dua trén d thi xé4c suat.
e M0 hinh hoc quan hé.

Céc thuat toan KTDL ty dong van moi chi & giai doan phat trién ban dau. Nguoi
ta van chua dua ra dugc mot tiéu chuan nao trong viéc quyét dinh st dung phuong
phap nao va trong trudng hop nao thi c6 hiéu qua.

Dé so sanh cac k§y thuat can phai c6 mot tap 16n cac quy tic va cac phuwong phap

thue nghiém tét. Thuong thi quy tic nay khong duge sir dung khi danh gia cac k¥



thuat méi nhat. Vi vy ma nhitng yéu cau cai thién do chinh xac khong phai lac

nao ctling thuc hién dugc.

1.1.5. Ung dung ciia khai thac dir liéu

KTDL la mdt linh vuc lién quan to1 nhiéu nganh hoc khac nhu: HE CSDL, théng
ké, truc quan hoa,v.v. (hinh 1.3). Hon nita, tuy vao cach tiép can duoc st dung,
KTDL con c6 thé ap dung mét sé k§ thuat nhu mang noron, 1y thuyét tap thé, tap

mo, biéu dién tri thirc, v.v.

CSDL May mﬂoc, tri tué Thuit todn Tai Chl\ nh ngéan
nhan tao hang
Théng ké » Khai thac dir liéu [« Y te
. . Cac nganh khoa
Thuong mai Giao duc hoc khic

Hinh 1.3. Mot s6 linh vuc lién quan dén khai thac dit liéu

Phat hién tri thuc va KTDL dugc coi 1a trung tdm cua nhiéu nganh khoa hoc, né
lién quan dén rat nhiéu nganh, nhiéu linh vyc khac nhau nhu tai chinh, ngan hang,
thuong mai, y té, giao duc, théng ké, may moc, tri tu¢ nhan tao, CSDL, thuat toan
hoc, tinh toan song song, thu nhan tri thirc trong cac hé chuyén gia, quan sat dir liéu.

Linh vyc hoc may va nhan dang mdu 1a gidng nhau trong KTDL nghién ciru cac
Iy thuyét va thudt toan cta hé thdng trich ra cac miu va mé hinh dir liéu. KTDL tap

trung vao vi¢c mo rdng cac ly thuyet va thudt toan cho cac van dé ve tim ra cac mau
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dic biét, ddy dugc coi 1a nhitng mau hitu ich hodc tri thitc quan trong tap dir lidu
16n.

bac biét, phat hién tri thirc va KTDL rat gﬁn giii véi linh vuc théng ké, su dung
céc phuong phap thong ké dé mo hinh hod dir lidu va phét hién cac mau, luat,... kho
dir liéu va cac cong cu xir 1y truc tuyén tip trung vao phén tich dir liéu da chiéu, t6t
hon ngon ngit truy van CSDL trong tinh toan va phan tich théng ké da chiéu ciing
lién quan chit ché dén KTDL.

Dic trung cua hé thong KTDL 1a nho vao cic phuong phap thuat toan va ky
thudt tir nhitng Iinh vuc khac nhau, nham muc dich cudi cung la trich ra tri thic tur
dir liéu trong CSDL khéng 10.

KTDL hién dang dugc ap dung mdt cach rdng rai trong nhiéu linh vuc kinh
doanh va thu dugc nhiing 1¢i ich to 16n. Mot sb linh vuc duoc ap dung rong rai nhu:
e Phan tich dix liéu va hd tro ra quyét dinh.

e Didu tri trong y hoc: méi lién hé gitra triéu ching, chuan doan va phuong phap
diéu tri (ché do dinh dudng, duoc pham).

e Phan Iép vin ban, tom tit vin ban va phan 16p cac trang Web.

e Tin sinh hoc: Tim kiém, dbi sanh céc hé gen va thong tin di truyén, mdi lién he
gitta mot s6 hé gen va mot s6 bénh di truyeén.

e Nhan dang.

e Tai chinh va thi truong ching khoan: Phéan tich tinh hinh tai chinh va dy doan
gia co phiéu.

e Bao hiém.

e Giao duc.

1.1.6. Mot s6 khé khin trong viéc khai thac dir liéu

Co s¢ dir liéu I6n: Cac tap dit liéu can xt 1y trong KTDL thuong c6 kich thudce
cuc ky 10n vé ca sd luong cac ban ghi va s lugng cac thudc tinh. Trong thuc té,
kich thudc cua cac tap dir liu trong KTDL thuong & muc tera-byte. Véi kich thude

nhu thé, thoi gian xir 1y thudng cuc ky dai. Mic du kich thuée bd nhé trong cua
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may tinh d3 gia ting dang ké trong thoi gian gan day, viée gia ting nay ciing khong
thé dap tng kip voi viéc ting kich thudce di liéu. Vi vay, viéc van dung cac k¥ thuat
xéc suat, 14y méu, dém, song song...vao cac giai thut dé tao ra cac phién ban phu
hop véi yéu cau ctia KTDL trd nén ngdy cang quan trong.

Dit liéu thiéu va nhiéu: Mtc d6 nhiéu cao trong dit liéu diéu nay din dén viéc du
doan thiéu chinh xéc.

Van dé “qud phit hop”: Khi thuat toan khai thac tim kiém véi cac tham sé tot
nhat cho mot mo hinh dic biét va mot gi61 han cua tap dir li€éu. M6 hinh d6 co thé
“Qua phu hop” trén tap dir liéu d6 nhung lai thi hanh khong chinh xéc trén tap dir
ligu kiém tra.

Sw thay doi ciia div liéu va tri thire: Dit liéu 1a khong tinh, dit liéu thay d6i nhanh
chong c6 thé dan dén nhiing tri thirc da khai thac trude day tré nén khong con phu
hop tham chi 1a vo gia tri.

Pdnh gid cdc mau dir liéu tim dwoe: Nhiéu mau phat hién khong thuc sy hitu ich
vo1 nguoi sit dung va thach thic véi cac he¢ KTDL.

Lam viéc voi cac dir licu quan hé phirc tap: Do cac hé co s& dit liéu quan hé
dugc str dung rong rai nén van dé lam tdt v6i cac hé co so dit lidu nay la van dé can
quan tdm d6i véi cac hé KTDL.

Khai thic théng tin trong cdc hé co sé dir liéu hon hop va hé thong thong tin
toan cau: V&i sy ra doi ciia mang may tinh, dit liéu c6 thé duoc thu thap tir nhiéu
nguén khac nhau voi dinh dang khéac nhau véi ) luong rat 16n. Viéc phat hién tri
thire tir cac dang dit 1iéu hdn hop nay 1a mot thach thire ddi voi KTDL.

Vi luong thong tin can khai thac ngay cang 16n va phirc tap, cac thuat toan khai
thac tuan ty di khong dép ung dugc nhu cau khai thac thong tin ngdy cang ting.
Céc giai phap tinh toan song song c6 thé xir Iy lvgng 16n tinh toan trén cac dir lidu

khong 16, vi vay tinh toan song song la cong cu tot dé KTDL.
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1.2. Tong quan veé khai thac dir liéu song song

Hau hét cac thuat toan KTDL déu doi hoi s luong tinh toan 16n, chiing can cé
kha nang mé rong duogc dé xu Iy luong dir li¢u 16n hon va phuc tap hon. Mt sb
CSDL lién quan toi Internet nén da sin c6 tinh phan tan. Cac hé thong tinh toan
song song vai cac bo da xir Iy tbe do cao, ghép cac hé sin co voi nhidu cach khac
nhau bang cac thiét bj két ndi dd dwoc nghién ciru va phat trién ¢¢ KTDL. Phan nay
s& trinh bay vé cdu trac hé théng song song, cac loai hé théng song song va mot sb

chién lugc KTDL song song.

1.2.1. Ciu tric hé thong song song
1.2.1.1. Dinh nghia xir ly song song

Xtr Iy song song 14 qua trinh xtr Iy gdm nhiéu tién trinh dugc kich hoat dong thoi
va cung giai quyét mot bai toan. N6i chung, xir Iy song song duogc thuc hién trén

nhimng hé théng da bo xir 1y.

1.2.1.2. Phén biét xir 1y song song va xir 1y tuan ty

Trong tinh todn tuan tu véi mot bo xir 1y thi tai mdi thoi diém chi duoc thuc hién
mot phép toan.

Trong tinh toan song song thi nhiéu bo xir Iy cing két hop véi nhau dé giai
quyét cing mot bai toan cho nén giam duogc thoi gian xir Iy vi mdi thoi diém c6 thé

thuc hién ddng thoi nhiéu phép toan.

1.2.1.3. Muc dich cia xir ly song song
La thyc hién tinh todn nhanh trén co s sir dung nhiéu bo xir Iy dong thoi. Cing
v6i toe do xtr Iy nhanh, viée xir 1y song song ciing sé& giai duoc nhirng bai toan phurc
tap yéu cau khoi luong tinh toan 16n.
1.2.1.4. Ba yéu td chinh din dén viéc xdy dung cac hé thong xir Iy song song
Tbc @6 xtr 1y cua cac b xu 1y theo kiéu Von Neumann dd dén tién téi gidi han,

khong thé cai tién thém duoc, do vay din téi doi hoi phai thuc hién xir 1y song song.
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Hién nay gia thanh cua bo xir Iy (CPU) giam manh, tao diéu kién dé xay dung
nhing hé théng c6 nhiéu bo xir 1y véi gia thanh hop 1y.

Sy phat trién ctia cong nghé mach tich hop (VLSI-very large scale integration)
cho phép tao ra nhiing hé théng c6 hang tri¢u transistor trén mét chip.

Hé thong tinh song song: La mot tap cac b xtr Iy (thuong cing mot loai) két
ndi v6i nhau theo mot kién triic nao d6 dé cé thé hop tac v6i nhau trong hoat dong
va trao d6i dit liéu dugc véi nhau.

Vin dé xir Iy song song: Lién quan truc tiép dén kién tric may tinh, phan mém
hé théng (h¢ diéu hanh), thuat todn va ngoén ngit 1ap trinh, v.v...

Do phtc tap ciia xtr Iy song song sé& 16n hon xir 1y tuan ty rat nhiéu, va tip trung

chu y€u & phuong dién trao doi dit liéu va dong bd cac tién trinh.

1.2.2. Phan loai cac Kién tric song song

Mot trong nhitng phan loai kién trac may tinh song song duoc biét dén nhiéu
nhét 1a phan loai ctia Flynn, dugc st dung tir nam 1966. Michael Flynn dya vao dac
tinh vé sd lugng bo x1r 1y, sb chuong trinh thyc hién, cAu trac bo nhé, v.v... dé phan
may tinh thanh bdn loai dya trén su biéu hién cua cip khai niém: dong 1énh va dong
dit liéu, mdi loai nam trong moét trong hai trang thai don hodc da [2] dugc thé hién

trong Bang 1.1:
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Bang 1.1. M ta phan loai kién truc caa Flynn

Dong lénh Dong dir li¢u ,
; : Loai kién tric

(instruction stream) | (data stream)
Trang thai don ] ] ]

) Trang thai don (single) | SISD Single Instruction Single Data
(single)
Trang thai don Trang thai da SIMD Single Instruction Multiple
(single) (multiple) Data
Trang thai da _ . MISD Multiple Instruction Single

_ Trang thai don (single)

(multiple) Data
Trang thai da Trang thai da MIMD Multiple Instruction Multiple
(multiple) (multiple) Data

1.2.2.1.Kién tric don dong 1énh don ludng dir liéu (SISD)

May tinh SISD chi ¢6 mot CPU, & mdi thoi diém thyc hién mot ludng 1énh va
chi doc, ghi mot muc dir li€u. TAt ca céc may tinh SISD chi c6 mot thanh ghi
(register) duoc goi 1a bo dém chuong trinh, dugc st dung dé nap dia chi cua 1énh
tiép theo va két qua 1a thuc hién theo mdt thtr tu x4c dinh cta cac cau I¢nh. Kién

trac may SISD ¢6 mo6 hinh hoat dong theo Hinh 1.4:

Tin hieu

Pon v A -2
dieu khien R BXT.

dieu khién

r 3

Y

Luong Luong

Luong lénh két qua dir lieu

A

Bo nhé

Hinh 1.4. M5 hinh kién trac may SISD

1.2.2.2.Kién tric don dong 1¢nh da ludng dir liéu (SIMD)
May tinh SIMD c6 mét don vi diéu khién dé diéu khién nhiéu don vi xir 1y thuc

hién theo mot luéng cac cau 1énh. CPU phat sinh tin hi¢u diéu khién t6i tat ca cac
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phan xir 1y, nhitng bo xt 1y nay cing thuwe hién mét phép todn trén cic muc dir liéu

khac nhau, nghia 1a mdi bo xir 1y c6 ludng dir lidu riéng. Kién traic may SIMD c6
mo hinh hoat dong theo Hinh 1.5:

Pon vi diéu khién (CU)

_ Tin hiéu
T}lll 111‘?1;1 | diéu khién
dieu khién | v v
Phan tw Phan tir Phan ti
xur ly 1 xur Iy 2 Xu lv n

Hinh 1.5. M5 hinh kién tric may SIMD

1.2.2.3.Kién tric da dong 1énh don dir liéu (MISD)
May tinh loai MISD c6 thé thuc hién nhiéu chwong trinh (nhiéu 1énh) trén cing

mot muc dir li€u (ngugc voi may tinh loai SIMD). Kién tric may MISD c6 md hinh
hoat dong mo ta theo Hinh 1.6:

Luéng lénh 1 L
CU 1 > Phan o <
xir ly 1
cU 2 Luéng lenh 2 Phan tr |« .
< v 2 Luong
- dir lieu

Ludng lénh n
CUn

»| Phan tir (e—
xu ly n

Hinh 1.6. M6 hinh kién trac may MISD

Kién trdc kiéu nay cd thé chia thanh hai nhom:

e CAac may tinh yéu cau mdi don vi xir Iy (PU) nhan nhitng lénh khac nhau dé
thuc hién trén cung mot muc dir liéu.



16

e Cac may tinh cd céc ludng dir lidu dugc chuyén tuan tu theo ddy cac CPU
lién tiép-goi 1a kién tric hinh dng-xir ly theo vector thdng qua mot ddy céc
bude, trong d6 mdi budc thuc hién mét chire niang va sau d6 chuyén két

qua cho CPU thuc hién budc tiép theo.

1.2.2.4.Kién tric da dong 1énh da ludng di liéu (MIMD)

May tinh loai MIMD goi 1a da bd xtr 1y, trong d6 mdi bo xir Iy co thé thuc hién
nhirg ludng 1énh (chuong trinh) khic nhau trén cac ludng dir liéu riéng. Hau hét
cac hé thong MIMD déu c6 bd nhé riéng va ciing c6 thé truy cdp vao bd nhé chung
khi can, do vay giam thiéu dugc thoi gian trao ddi dir liéu giira cac bd xir Iy trong hé
théng. DAy 1a loai kién tric phirc tap nhit, nhung né 13 mé hinh hd trg xir Iy song
song cao nhét va da c6 nhiéu may tinh dugc thiét ké theo kién trac nay, vi du: BBN
Butterfly, Alliant FX, iSPC cua Intel... Kién traic may MIMD c6 mé hinh hoat dong
theo Hinh 1.7:

Luong dir

Ludng lénh 1 . licu 1
CU 1 > Plﬂ1a11} o |«
xu 1y 1 .
Luong do
CU 2 Luong lénh 2 . Pl}ﬁll (0 | ligu 2
xu ly 2

Ludng dur
Liéun

Ludne lénh n L
CUn = »| Phan twr

xir v n

Hinh 1.7. M6 hinh kién tric may MIMD
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1.2.3. Cac chién lwogc khai thac dir liéu song song

Khai thac dir liéu song song doi hoi phan chia cong viée dé cac bo xir Iy c¢6 thé
thuc hién phém cong viéc cua minh, nham dat két qua cudi cung mot cach nhanh
nhat. Van dé 1a & chd phan chia cong viéc nhu thé nao, ta c6 thé phan chia viéc tinh
toan, ciing c6 thé phan chia viéc truy cdp toi dir liéu, va giam thiéu sy truyén thong
giita cac bo xir 1y trong khi thyc hién. Trong cac tmg dung KTDL, ta can giam thiéu
nguén tai nguyén dugc dung dé sinh cac khai niém c6 vé co gia tr1 dia phuong, dua
trén lwong han ché dir liéu c6 sin tai mdi bd xtr 1y, nhung khéng cé gia tri toan
phan. C6 ba chién lugc dé song song hoa céac thuat toan KTDL, d6 la:

Tim kiém ddc ldp: Mdi bd xix 1y duogc truy cép téi toan bo tap dit li€u, nhung chi

tap trung vao mot phan khong gian tim kiém, bat dau tir mot diém duoc chon ngiu
nhién.

Cach nay phu hop véi cac bai toan ma két qua can tim 1a mot giai phap tdi uu,
tuy nhién n6 doi hoi mdi bo xur 1y phai truy cap toan bo tap dir liéu, khién téc do bi
cham lai.

Song song héa mét thudt todn khai thac dir liéu tuan tu: Tap céac khai niém dugc

phan chia gifta cac bo xir Iy, mbi bo xtr Iy kiém tra toan bd tap dir liéu dé kiém tra
xem céac khai niém cuc bd ctia n6 ¢6 dung trén pham vi toan cuc khong. Do viée tao
khai niém méi thuong doi hoi phai biét cac khai niém nho hon hay don gian hon
nao 1a dung, cac bo xir 1y phai thuong xuyén trao doi thong tin vé cac khai niém cua
ching. Mot cach khac 1a tap dir li¢u dugc phan chia theo cac cdt, mdi bo xur Iy tim
ra cac khai niém trén cac cdt ma ching gitr.

Theo cach nay ciing can thuong xuyén trao doi thong tin dé xac dinh xem cac
khai niém cuc bo nao cé thé ghép lai thanh khai niém dung trén toan cuc.

Ldp lai mét thudt todn khai thac dit lidu tudn ti: Mdi bd xtr Iy 1am viée trén mot

phan cua tap dir liéu (theo hang), va thuc hién thuat toan tuan tu. Do chi c6 mot
phan thong tin, n6 tao nén cac khai niém ding cuc by, nhung c6 thé khong ding
trén toan cuc - cac khai ni¢m xap xi. Cac bg x1r 1y trao doi cac khai niém xap xi nay,

hodc cac so li¢u vé chung, dé kiém tra xem ching c6 ding trén toan cuc khong. Khi
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lam nhu vay mdi bo xtr Iy hoc dwgc vé nhitng phan dit liéu ma chung khéng nhin
thay.

Céach nay c6 hai vu diém dang cht ¥: tip dir liéu duoc phan chia gitip cho chi
phi truy cép duoc chia déu cho cac bo xir 1y, va dir ligu can duoc trao do6i gilra cac
pha thudng nhé hon rat nhiéu so v6i ban than cac khai niém, vi thé khong tén nhiéu
chi phi truyén dit liéu.

Dé thuén lgi cho viéc khai thac va quan 1y théng tin trong CSDL, cac CSDL
thuong duoc sip xép lai sao cho phu hop. Nhét 1 trong cac CSDL giao dich duogc
sit dung nhiéu trong KTDL, viéc sap xép lai dit liéu nham t6i vu hoéa CSDL dé thuat
toan dat hiéu qua cao hon 1a rat quan trong. Phan tiép theo sé& trinh bay cac khai
niém co ban vé co sé dir liéu giao dich, tip phd bién, cac tinh chét cua tap phd

bién...

1.3. Mt s6 khai niém veé co sé dir liéu giao dich va tiap pho bién
1.3.1. Co s¢ dir liéu giao dich
Co so dir liéu giao dich (database transaction) la don vi tuong tac cua
mot CSDL hodc cac hé tuong tyr, mdi giao dich duge xir Iy mdt cach nhét quan va
tin cdy ma khong phu thudc vao céac giao dich khac.
Mot bang cua CSDL giao dich gom:
e Céc cdt 1a cac thude tinh hay con goi la cac muc dir liéu.
e (Cac hang la cac giao tac dugc thuc hi¢n.
Vi du vé bang dit liéu caa mot CSDL giao dich:
Cho mdt CSDL mau véi sb luong giao dich 1a 6 Tap muc {A, C, D, T, W}


https://vi.wikipedia.org/wiki/H%E1%BB%87_qu%E1%BA%A3n_tr%E1%BB%8B_c%C6%A1_s%E1%BB%9F_d%E1%BB%AF_li%E1%BB%87u
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Bang 1.2. Co s¢ dir liéu mau
Ma giao dich Noi dung giao dich

1 A C T W
2 C,D,W
3 A C T W
4 A C,D,W
5

6

A,C,D, T,W
C,D,T

1.3.2. Khai niém vé tip pho bién

Luat két hop dugc gidi thiéu dau tién vao nam 1993, duoc su dung dé xac dinh
cac mdi quan hé gifta cac tap thudc tinh trong CSDL. Viéc xac dinh cac quan hé nay
khong duoc dua vao cac dic tinh dir liéu vén c6 cua ching (nhu cac phu thudc
ham), ma nén dua vao sy xuat hién cing lic caa cac thudc tinh dir licu.

Bai toan khai thac luat két hop trén mot CSDL duoc chia thanh hai giai doan.
Giai doan thtr nhét 13 tim tat ca cac tip muc dit liéu c6 do pho bién thoa ngudng toi
thiéu cho trude, goi 1a cac tip phd bién. Giai doan tht hai 13 tim ra nhiing luat két
hop tir nhimng tap pho bién thoa do tin cdy t6i thiéu cho trudc. Hau hét cac nghién
clru déu tap trung giai quyét bai toan tim tip pho bién vi bai todn tim luat két hop
kha don gian.

Bai toan phat hién tip phd bién cé thé dwgce phat biéu nhw sau:

Cho mdt tap cac muc I, mét CSDL giao dich D, d6 phd bién t6i thiéu minsup,
ngudng tin cay minconf. Tim tat ca cac luat két hop X =Y trén CSDL D sao cho:
sup(X = Y) > minsup va conf(X = Y) > minconf. Bai toan khai thac luat két hop co
thé duoc chia ra 1am 2 bai toan con duoc phat biéu trong thuat toan sau:

- Pau vao: |, D, minsup, minconf
- Pau ra: Cac luan két hop thoa min minsup va minconf

Phuong thuec:
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e Tim tt ca cac tap phé bién tir CSDL D tirc la tim tat ca cc tap muc c6 do
hd trg 16n hon hodc bang minsup.

e Sinh ra cac luat tir cac tap phé bién sao cho do tin cay cua luat 16n hon
hozc bang minconf.

Budc 1: Tim céc tap muc pho bién.

Budc 2: Sinh céc luat két hop tir tap muc phé bién tim duoc & bude 1.

Tap pho bién 1a co so dé tao cac luat két hop. Bai toan khai thac tap phd bién
(frequent itemset) 13 bai todn rat quan trong trong linh vuc KTDL. Bai toan khai
thac tap pho bién 13 bai toan tim tat ca tip muc (itemset) S c6 do phd bién (support)
thoa man do pho bién tdi thiéu minSup:

Sup(s) = minSup
Pinh nghia d§ pho bién:
Cho CSDL bao gom:
e Tap cac muc I, tap céc giao dich D va tap muc X C |
e Do phd bién caa X trong D - ky hiéu 12 sup(X) - dugc dinh nghia 1a sb giao dich

ma X xuat hién trong D.

Vi du: Vi CSDL mau trong Bang 1.2, ta c6: Tap muc I = {A, C, D, T, W} va
tap giao dich D gdm co 6 giao dich: {ACTW, CDW, ACTW, ACDW, ACDTW,
CDT}

Do pho bién cua tap muc X1 = {A} 1a sb giao dich trong D c6 chita {A}, do d6
sup(X,) = 4. Tuong tu, X, = {A, T} => d6 phd bién cua 13 sup(X,) = 3

Pinh nghia tip pho bién:

Tap X S I duoc goi 1a tdp phd bién néu sup(X) > minSup, v6i minSup 1a gia tri
do nguoi dung chi dinh.

Vi du: Ciing véi CSDL mau trong Bang 1.2, véi minSup = 3 (50%) thi tap X, =
{A, T} 1a tap pho bién vi co sup (X,) = 3 > minSup.
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Tuong tu, véi X3 = {A, C, T} thi sup (X3) = 3 > minSup va X; ciing 1a tip phd
bién. Nguoc lai, v6i X, = {C, D, T} thi sup (X,) = 2 < minSup, do d6 X, khong
phai 13 tap pho bién.

1.3.3. Céc tinh chit ciia tip pho bién
Tinh chit 1:

D6 phd bién cua tap con 16n hon tip cha.

Cho hai tap phd bién X, Y v6i X c Y thi sup(X) > sup(Y)
Tinh chit 2:

Moi tép con ctia mét tap phd bién déu 1a tap pho bién.

X 14 tap phd bién va Y < X thi sup(Y) > sup(X) > minSup, vi vdy Y ciing la
tap pho bién.
Tinh chit 3:

Moi tap cha ctia mot tap khong pho bién thi ciing khong pho bién.

X 1a tap Khong phd bién va Y o X thi sup(Y) < sup(X) < minSup, vi vdy Y ciing
khong phai 13 tap pho bién.

1.3.4. Mot s6 phwong phap biéu dién co sé dir li¢u trong khai thac dir li¢u

Trong cac CSDL quan hé thong thuong sé& luu trir dit liéu theo chiéu ngang. Tirc
1a cac bang dir liéu hai chiéu s& gdm N dong tuong Gng voi cac giao dich, va M cot
turong tng véi cac muc. Viée bd tri theo chiéu ngang gitp cho viée xac dinh cac
muc thudc vé mot giao dich don gian nhanh chong. Tuy nhién khi can xac dinh mot
muc cu thé thudc vao nhiing giao dich nao thi cach b tri theo chiéu ngang lai gy
ra khé khin, khi d6 ta phai duyét tit ca cac giao dich c6 trong CSDL va ghi nhan

nhitng giao dich c6 chira muc cuy thé do.
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1.3.4.1. Biéu dién co sé dir liéu theo chiéu ngang

Hau hét cac CSDL giao dich dugc thiét ké theo chiéu ngang. Trong do, tat ca
cac dir liéu duoge sdp xép theo hang khi ¢ giao dich xay ra. Mot bang ciia CSDL
duoc biéu dién dudi dang chudi cac trang c6 chira mot hodc nhiéu dong.

CSDL theo chiéu ngang co nhiéu thuan loi cho viée luu trit di liéu véi sd luong
hang va cot duoc dinh trude. Trong mé hinh CSDL theo chiéu ngang, thay vi ting
cudng kha ning luu trit cia mdi thanh phan trong hé théng, nhiéu thanh phan duoc
ting thém cho hé théng. Vi vy kha ning mo rong va quan 1y bd nhé cia CSDL
theo chiéu ngang 14 rét t6t.

Vi du: Cho CSDL mau nhu bang 1.2.

CSDL méu trong Bang 1.2 duoc sap xép theo chiéu ngang nhu sau:

Bang 1.3. Bang dit liéu sip xép theo chiéu ngang

Ma muc (items)
Ma cac giao dich (TIDs)

A C D T W
T1 1 1 0 1 1
T2 0 1 1 0 1
T3 1 1 0 1 1
T4 1 1 1 0 1
T5 1 1 1 1 1
T6 0 1 1 1 0
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1.3.4.2. Biéu dién co s¢ dir liéu theo chiéu doc
Vi cac td chure dir lidu theo chiéu doc, mét CSDL g@)m mot danh sach cac muc.

Mobi muc xac dinh mdt danh sach cac dinh danh cua giao dich c6 chira muyc do, ky

hiéu tid-List. Nhitng wu diém ctia cach t6 chirc theo chiéu doc:

e Néu tid-List da duoc sip theo thu tu ting dan thi d hd tro cua k-itemset tng
vién co thé da duoc tinh toan boi phép ldy giao cua cac tid-List caa hai (k-1)-
subset bat ky, véi cach t6 chac nay, thuat toan khong can phai duy tri cau tric
dir liéu phutc tap, khong nhu cdy bam va ciing khong phai sinh ra tat ca cac k-
subset ciia cac giao dich hoac thuc hién cac thao tac tim kiém trén cay bam.

e C4c tid-List chira tat ca c4c thdng tin lién quan vé mot tap muc, vi vay, khi tinh
d6 hd trg cho mot tap muc khéng can phai quét toan bo CSDL. Vi tit ca cac
thong tin vé mot 16p twong duong 1a duoc nhoém ciing nhau nén co thé sinh ra
c4c tap muc pho bién truéce khi chuyén sang 16p tiép theo.

Trong CSDL mau ¢ Bang 1.2, mudn biét myc A nam trong nhitng giao dich nao
thi ta phai duyét hét tat ca cdc muc xem giao dich nao chtra A thi liét ké ra, két qua
cac giao dich chtra A 1a tap {1, 3, 4, 5} chira mot muc 14 rat tén kém. Trong lac d6
viéc xac dinh nhiing giao dich c¢6 chira mot muc cu thé lai 1a cong viéc thuong
xuyén dé tinh do pho bién cua mot tip muyc. Pé ting toc do khai thac tim tap phod
bién, chiing ta c6 thé str dung cach sip xép dir liéu theo chiéu doc. Nghia 1a bang di
lidu ¢ su dao chiéu, cac dong bién thanh cac cot va nguoc lai:

Vi dy: CSDL mau trong Bang 1.2 duoc sip xép theo chiéu doc nhu sau:

Bang 1.4. Bang dir liéu sap xép theo chiéu doc

Ma muc (items) Ma cac giao dich (TIDs)
C 1 2 3 4 5 6
W 1 2 3 4 5
A 1 3 4 5
D 2 4 5 6
T 1 3 5 6
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Luc nay viéc xac dinh xem muc A c6 do phé bién bao nhiéu trong CSDL sép
xép theo chiéu doc tré nén don gian bang cach xac dinh dong trong bang tuong tmg
voi ma muc A, két qua 1a tap giao dich {1, 3,4, 5} vasup(A) =4

Tuy nhién cach sip xép dit liéu theo chiéu doc s& gy kho khin trong viée quan
Iy bd nhd vi bang dir liéu gia ting kich thudc theo chiéu ngang thay vi theo chiéu
doc.

Ca 2 cach sip xép dir liéu theo chiéu ngang va chiéu doc déu c6 diém manh va
diém yéu riéng. Do d6, tlly theo yéu cau thyc té ma ngudi ta c6 cach sap xép dir lidu

phu hop véi muc dich stir dung riéng.

“Két lugn chwong 1:

Trong chuong 1, ludn van da trinh bay vé: muc tiéu, kién trac, cac phuong phap
KTDL ciing nhu tmg dung ctia KTDL vao thyc té. Cac cdu trac hé thong song song,
phan loai cac kién trac song song va cac chién lvgc KTDL song song ciing duoc dé
cap trong chuong nay.

Trong chuong nay ciing néu ra mot sé dinh nghia, tinh chat lién quan dén khai
thac tdp phd bién dé tim luat két hop nhu khai niém d6 phd bién, d6 tin cay, tdp phd
bién, luat két hop. Trong chuong tiép theo, luan van s€ trinh bay mot s6 thuat toan
co ban khai thac tap phd bién va cac nhan xét, danh gia wu nhugc diém cia cac

thuat toan nay.
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CHUONG 2. MOT SO PHUONG PHAP KHAI THAC
TAP PHO BIEN

2.1. Thuat toan Apriori
2.1.1. Y twéng thuit toan

Phuong phép sinh tng vién dé tim tip phd bién duoc Agrawal va cac dong su dé
xudt tir ndm 1993 véi thudt toan Apriori. Y tudng cua thudt toan Apriori dua trén
két luan: néu mét tdp muc la phé bién thi tdt ca tdp con cia né ciing phai phé bién
(tinh chadt 2—tdp phé bién). Do vay khong thé co trudng hop mot tap phd bién cé tap
con 1a khong pho bién hay néi cach khac tap phd bién nhiéu muc hon chi cé thé
dugc tao ra tu cac tap phé bién it muc hon. Va dé 1a cach hoat dong cua thuat toan
Apriori:

e Bit dau tir cac tap phé bién chi cd mot muc.

e Tao ra cac tap pho bién c6 k muc tir nhiing tap phd bién c6 (k-1) muc.

2.1.2. Noi dung thuit toan:
Thudt toan Apriori co ngi dung nhw sau:

Lk: Tap hop cua cac tp phd bién k (k-itemset). Mdi phan tir ciia tap hop nay co
hai truong: tip muc va do pho bién.

Ck: Tap hop cua cac tap tng vién k. Mdi phén tir ctia tip hop ndy c6 hai trudng:

tap muc va do pho bién.

L = {t&p hop 1 muc};

For (k = 2; H«1¢ ?; k++)

Begin
Ck= apriori-gen (LKJ); // Tao ung vién mdi.
For (all giao tac t € D) // duyét CSDL
Begin
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Ct = Subset(Ck, t); //cdc tdp muc ung vién cé trong
//giao téc t

Forall ing vién c € Ct do

C. count ++;
end

Lk = {c € Ck | c.count 2 minsup}

end

Answer = U Lk; // Tra vé tdp hop chua cdc tdp phdé bién
Dién gidi thudt todn:
e Budc dau tién cua thuat toan don gian chi tinh cac myc xuét hién dé xac dinh tap
hop cua cac tap phd bién c6 1 muc.
e Lap budck:

+ Tap hop Lk-l duogc st dung dé tao nén tap Gmg vién Ck: str dung ham apriori-
gen duoc miéu ta 1a ham lay L, (td@p hop ciia cdc tdp phé bién k-1 muc) 1a dau vao
va tra vé Ck 1a tap hop cua tat ca cac tap chira k muc phat sinh tir tp hop Lk_l bang
cach hop cac tap k-1 muc trong tap hop Lk_l. Cht y mot irng vién thude Ck thi tt ca
cac tap con cua ung vién do6 phai c6 mat trong Lk-l (theo tinh chdt 2 cia tdp pho
bién)

+ Budc ké tiép, duyét CSDL dé tinh do pho bién cua cac (mg vién trong tap hop
Ck. Tur do, tinh dugc tap hop Lk.

+ Néu L =@ thi dimg lai.

e Hop cua céc L chinh la cac tap phé bién can tim.
Vi du minh hoa: Xét CSDL mau trong Bang 1.2 véi minSup = 50% * 6 = 3
Buwéc 1: Duyét CSDL dé tim L, 1a cac tap phd bién c¢6 1 muyc c6 d6 pho bién > 3:
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Bang 2.1. Céc tap phd bién c6 1 muc

Database (D) L1
TID Noi dung Muc bo phé bién
1 ACT W A 4
2 C,D,W — C 6
3 ACT W D 4
4 A C,D,W T 4
5 A,C,D, T,W w 5

Budc 2: tinh tdp ung vién C2 dua trén Ll bang phép hop. Sau d6 duyét CSDL tinh
d6 phd bién cua cac tmg vién thudc Cz’ loai bo nhitng Gng vién c6 do phd bién bé

hon minSup, dé tao thanh L2 1a cac tap phd bién c6 2 muc.

Bang 2.2. C4c tap phd bién c6 2 myc

C L2

Muc bo phé bién Muc b6 phé bién
AC 4 AC 4
AD 2 AT 3
AT 3 AW 4
AW 4 —) CT 4
CT 4 CD 4
CD 4 Cw 5
CT 2 DW 3
CwW 5 TW 3
DW 3

T™W 3

Budc 3: Tuong ty budce 2 tao C3 va L3 tur Lz' Chu y khi tao C3 thi loai bdé nhiing

g vién c6 tap con 2 myc khong nam trong L2. Tu L2 dé tao C3 c6 thé bang cach tir
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tap hop tat ca muc co trong L2, 161 1an luot kiém tra céac tap muc 3 thudce tinh trong

tap hop do theo chu y ¢ dong trén.

Bang 2.3. Céc tap phd bién c6 3 muc

Cs Ls

Muc | D06 phé bién Muc bo phé bién
ACT 3 ACT 3
ACW 4 — ACW 4
ATW 3 ATW 3
CDW 3 CDW 3
CTW 3 CTW 3

Buwéc 4: Tao C4 va L4 tur L3

Bang 2.4. Céc tap phd bién c6 4 muc
Ca L4
Muc b6 phé bién :> Muc b6 phé bién
ACTW 3 ACTW 3

Buwéc 5: Tao C5 va L5th: L4. Taco C5 = Q.

Nhu vay thuat toan dirng lai & budce 5 vi L5 =0

Két qua: voi minSup = 50% thi:

Tap hop cac tip phd bién LuLuL UL ={A C D T, W AC AT AW,

CD, CT, CW, DW, TW, ACT, ACW, ATW, CDW, CTW, ACTW}
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2.1.3. Nhan xét thuat toan Apriori

Thuéat toan Apriori véi n 1a do dai 16n nhét cta tap duoc sinh ra. Vay thuat toan
s€ thuc hién duy¢t toan bd cac giao tic n+1 lan. Nhu vay, néu bo qua thoi gian so
sanh tim sy xuit hién ctia mot muc trong mot giao tac thi do phuc tap cua thuat toan
Apriori la:

0(A) >0(nxL)

Trong do L la kich thuoc cua CSDL con n la do dai can dat dwoc ciia cac muc.

Han ché chinh cua thuét toan Apriori la:

Chi phi cho sb luong khong 16 cac tap tng vién. Vi du: néu c6 10* tap 1-muc
phé bién thi thuit toan Apriori can phai sinh ra hon 107 cac tng vién 2-muc va thuc
hién kiém tra su xudt hién ctia ching. Hon nita dé khdm pha dugc mot sb tap phd
bién c6 kich thudc (d6 dai) 1a 1, thuat toan phai kiém tra (21 — 2) cac tip phd bién
tiém ning.

Doi hoi lap lai nhiéu lan duyét CSDL dé kiém tra rat 16n sb luong tap tng vién.
S6 1an duyét CSDL cua thudt toan Apriori bang d6 dai cta tap phd bién dai nhat tim
dugc. Trong trudng hop tap phd bién dai hon va CSDL rét 16n, c6 nhiéu ban ghi,
didu nay 1a khong kha thi. Thuét toan Apriori chi thich hop cho cac CSDL thua
(spare), v6i cac CSDL day (dense) thi thuat toan kém hiéu qua hon rat nhiéu.

Pé xac dinh d6 phd bién cta cac tip ung vién, thudt toan Apriori phai quét lai
toan bd giao dich trong CSDL, do d6 sé tiéu ton rat nhiéu thoi gian, dac biét khi )
muc 16n. Ngoai ra, khi do pho bién tdi thiéu minsup bi thay doi thi thuét toan phai
thuce hién lai tir du nén rat mat thoi gian. Nhu vay, nhin chung cac phwong phap
sinh (mg vién dé tim tap phd bién déu khong hiéu qua vi phai doc CSDL nhiéu lan
va phai phat sinh va kiém tra mot luong 16n cac ting vién.

Trong s6 cac thuét toan khai thac tap phé bién, cac thuat toan duoc cai dit dua
trén thuat toan Apriori dugc sir dung phd bién béi vi thyc thi ching don gian va d&
dang. Thuat toan dugc xdy dung nham phat hién cac luat két hop gitra cac ddi tuong

v6i do pho bién va do tin cdy toi thiéu.
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2.2. Thuat toan Eclat
2.2.1. Y twéng thuit toan.

Thuat toan Eclat dung phuong phap dé nhom cac tip muc phd bién c6 lién quan
v6i nhau bang cach sir dung luge d6 phan chia 16p twong dwong. Mbi 16p twong
duong chtra tdp cac muc tng Vién quan hé tuong duong vadi nhau. Bén canh do,
thuat toan ciing sir dung k¥ thuat t6 chirc CSDL theo chiéu doc dé nhém cac giao
dich ¢6 lién quan véi nhau [3].

Phdn I6p twong dwong: Goi Ly, 13 tap cac itemset phd bién. Khong mét tinh tong

quat, gia sir L, dugc sap xép theo thir tu tir dién. Ta c6 thé phan hoach cac tip muc
trong L, thanh cac 16p twong duwong nhu sau: Néu cac phan tir trong L c6 k-1
thanh vién dau tién giéng nhau thi chung thudc cing mét 16p.

Ky hiéu: Lop twong duong chira a 1a Sa = [a].

Trong pham vi mot 16p, ta sinh k-itemset Gmg vién bang cach két ndi tat ca
(2) = 15:1018:| = 1)/2 cap tién 16 1a dinh danh cia l6p. Trong do: |Si| 1a 6 phan ti
cta 16p c6 dinh danh 1a i. Cac k-itemset ing Vién dugc sinh ra tir cac 16p khac nhau
s€ doc 1ap vdi nhau.

T6 chirc dir liéu: Thuat toan td chac CSDL theo chiéu doc. Véi cach td chuc

nay, mot CSDL g@)m danh sach cac muc va mdi muc xac dinh mot danh sach cac

dinh danh cua giao dich cé chira muc d6, ki hiéu 1a tid-List. Uu diém cua cach to

chitc CSDL theo chiéu doc nhu sau:

- Néu tid-List dugc sip xép theo thir tur ting dan thi d6 phd bién cua k-tdp muc (k-
itemset) Gmg vién c6 thé di duoc tinh toan boi phép ldy giao cac tid-List cia
2(k-1)-tap muc hd tro (subset) bat ky.

- Céc danh sach cta dinh danh cua giao dich tid-List chtra tAt ca céc thong tin lién
quan vé mot tap muc. Vi vay khi tinh d6 hd trg ctia mot tap muc khong can quét

toan bo CSDL.
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2.2.2. N§¢i dung thuat toan Eclat
Begin
/* Giai doan khoi tao*/
1) Duyét qua céac phé&n hoach CSDL cuc bd
2) Tinh toadn sb6 dém hd trg cuc bd cho tit ca cac 2-itemset
3) Xay dung sb dém hé tro tdng thé cho cdc tdp muc chta
trong L,.
/*Giai doan bién déi*/
4) Phan hoach L, thanh céac 16p tuong duong
5) Lép lich L,trén tép céc bd xu ly
6) Té chiic phan hoach dit liéu cuc bd theo chiéu doc
7) Truyén cac tid-List cé 1lién quan tdi céc bd xu 1y khac
8) L, cuc bdé = nhdn cac tid-List tu céac bd xu ly khéac
/*Giai doan ddng thoi*/
9) for parallel mbéi 1lép tuong E, trong L, cuc bd
Compute_Frequent (E,)
/*Giai doan rut gon*/
10) Tap hop cac két qua dua ra ludt két hop
end.

Giai thich thuat toan

1) Giai doan khoi tao

Giai doan khoi tao bao gém viéc tinh toan tat ca cac 2-itemset phé bién trong
CSDL can khai thac. Ta khong can tinh sb dém hd tro cua cc 1-itemset vi viée x4c
dinh sd dém hd tro cua 2-itemset ¢6 thé dat duoc chi trong mot lan duyét CSDL. bé
tinh toan cho céc 2-itemset, trén mdi bd xur 1y sir dung mot mang cuc bd va tién
hanh chi s hoa cac muc trong CSDL theo ca hai chiéu. Mit khac, mdi bd xir 1y tinh
s6 dém hd tro cuc bd cho cic 2-itemset va thuc hién phép lay tong rat gon (sum-
reduction) cia tit ca cac bo xir Iy dé xdy dung cac sé dém hd tro tong thé. Két thuc
giai doan khdi tao, tat ca cac bo xur 1y déu c6 nhitng s6 dém hd tro tong thé cia tat

ca cac 2-itemset pho bién L, trong CSDL.
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2) Giai doan bién déi gom 2 buée

Bwéc 1: Pau tién L2 dugc phan hoach thanh cac 16p twong dwong. Sau d6 cac
16p twong duong nay duoc gan cho cac bd xir Iy sao cho can bang nhau.

Buwéc 2: CSDL da duoc bién doi tir dinh dang theo chiéu ngang thanh chiéu doc
va dugc phan phéi lai. Do do, trong bd nhé cuc bd cua mdi bd xur ly, cac tid-List
clia tat ca cac 2-itemset trong mot 16p twong dwong bat ky dugc né gan cho no.

Lap lich phan 16p twong duwong

Pau tién, ta phan hoach L2 thanh cac 16p twong dwong bang cach st dung tién t6
chung nhu mé ta & trén. Tiép theo, phan chia cho mdi bd xir Iy mot 16p tuong
duong. Mdi 16p twong duong duoc gan mot trong sd dua vao sb cac phan tir trong
mot 16p. Vi phai khao sat tit ca cac cip trong bude lap tiép theo, nén ta gan trong sb
(%) cho 1 16p vé6i m 1a s6 phan tir clia 16p tuong duong twong tng.

Sap xép cac 10p dua theo cac trong s6 va lan luot gan cho bo xur 1y d nap it
nhit, nghia 1a bo xir Iy d6 c6 trong sb toan phan cua cac 16p nhé nhat. Néu udce
lugng tdt duoc sb cac tap muc phé bién ma c6 thé nhan duge tir mot 16p tuong
duong thi c6 thé str dung udc lugng nay lam mot trong s6. Trong pham vi mot 16p,
cling c6 thé 1ay do hd tro trung binh cia cac tap muc 1am trong sd.

Bién ddi CSDL theo chiéu doc

Sau khi phan hoach céc 16p twong duong can bang giita cac bo xir 1y, ta bién ddi
CSDL cuc b tir dinh dang theo chiéu ngang theo chiéu doc. Piéu nay c6 thé thuc
hién dugc trong 2 budc:

Budc 1: Mbi bd xir Iy duyét CSDL cyc bd ciia nd va xay dung cac tid-List
cuc bd cho tit ca cac 2-itemset.

Buwéc 2: Mbi bo xir Iy can x4y dung cac tid-List toan cuc cho cac tdp muc trong
cac lop tuong duong cua nd. Do do, nd phai guri céc tid -List nay cho cac bd xu ly

khac va nhan cac tid-List tir cac bo xur Iy khac giri dén.
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3) Giai doan dong thoi

Co s¢ dir liéu da dugc phan bd lai, vi vay cac tid-List cua tat ca cac 2-itemset
trong cac 16p tuong duong cuc bd cua nd 13 da thudng tra trén dia cuc bo. Mdi bo
xu 1y cé thé tinh toan tit ca cac tap muc phé bién mot cah doc 1ap. N6 doc tryc tiép
tr bd nh& cuc bod céc tid-List caa cac 2-itemset, sau d6 sinh tat ca céc tap muc phé)
bién c6 thé trude khi chuyén sang budc tiép theo, budc nay bao gdm viéc quét phan
hoach CSDL cuc bd di duoc bién déi mét 1an.

Trong pham vi mdi 16p twong dwong, can khao sat tat ca cac cap 2-itemset va
thuc hién ldy giao cac tid-List twong tng. Néu sb cac phan tir cua tid-List két qua
16n hon hodc bang d hd tro tdi thiéu thi tip muc méi duoc bd sung vao L3. Sau do,
tiép tuc phan hoach L3 thanh céac 16p twong duong dua trén cac tién t6 chung do dai

béng 2. Qua trinh nay dugc 13p lai tha tuc dugce thuc hién nhu sau:

Begin Compute_ Frequent(Ek-1)
for tit ca cac itemset 11 va 12 trong Ek-1
it ((I1-tidList n I2tidList) = minsup)
B4 sung (11 U 12) vao Lk;
Phén hoach Lk thanh cac lsp tuong duong;
For parallel méi 1é6p tuong duong Ek trong Lk

Compute_Frequent(Ek);
End Compute_Frequent

4) Giai doan rut gon

Tai thoi diém cudi cta giai doan dong thoi, ching ta trich rat cac két qua tir
mdi bo xtr 1y va dua ra két qua. Qua trinh thyc hién cac budc truyén thong khac
nhau cua thuét toan.
e Giai doan khoi tao: Khi di thu dugc cac s6 dém hd trg cua tat ca cac 2-itemset,

ta can thuc hién mot phép lay tong rit gon dé tinh sé dém tong thé.
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e Giai doan bién d6i: Mdi bo xir Iy quét phan hoach CSDL cuc b cua nd lan tha
hai va xay dung cac tid-List theo chiéu doc di vai tat ca cac 2-itemset pho bién
L,.

Qua trinh bién d6i dugc hoan thanh qua 2 budc sau:

Buére 1: Bién doi tid-List cuc bg.

Trudc tién, ta chia L, thanh hai nhom. Cac tap muc thudc cac 16p twong duong
ma duoc gan cho bd xu Iy cuc bo, ki hi¢u 1a G, cac tdp muc con lai thudc cac 16p
twong duong khac, ki hiéu 1a R. V&i mdi bo xir 1y P;, bd nhd danh ra mot ving nho

¢6 kich thudec:

Z global_count(g) + Z partial_count(r, P;)

gEG TER

Vi g € G, r € R la tap cac myc

partialcount(rp)): Sb dém hd tro cuc bo cta tip muc r trén bd xt 1i P

Tiép theo, mdi bo xtr 1i thuc hién viéc bién d6i va ghi tid-List ctia cac phan tir G
vao cac khoang tréng thich hop. Cac phén tir ciia R duoc dé trong.

Buére 2: Truyén tid-List

Mot khi viée bién ddi CSDL cuc bd hoan thanh, ta cin phai nhan cac tid-List
clia tit ca cac 2-itemset trong G tir cac b xu 1y khac truyén dén va truyén cac tid-
List ciia R dén cac bo xtr Iy khac. Cac tid-List dén duoc sao chép vao cac khoang
trbng thich hop. Vi cac phan giao dich 1 phan biét ting déu, cac tid-List ctia cac tap
muc trong G da dugc viét ra ngoai dia, con trong R thi bi loai bo. bé truyén cac tid-
List cuc bd qua kénh bg nhd, ching ta st dung loi thé cua viéc truyén thong diép
nhanh & mirc ngudi st dung. Mdi bo xir 1y xac dinh kich thude bd dém (2MB) cho
mot vung truyén, mot vung nhan va dung chung mot dinh danh. Viéc truyén thong
dugc tién hanh theo cach khoa ludn phién céac giai doan ghi doc. Trong giai doan
ghi, mdi bd xir Iy ghi cac tid-List ctia cac tdp muc trong P vao ving truyén cta nd
cho dén khi dat dén gi6i han khong gian bd dém. Tai thoi diém nay, n6 di vao giai
doan doc, no 1an luot quét ving nhan ciia mdi bo xir Iy va dit cac tid-List nay cua G

vao cac khoang tréng thich hop. Khi ving doc di dugc quét xong, nd di vao giai
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doan ghi. Qua trinh nay dugc lap lai cho dén khi nhan duoc tt ca cac tid-List bd
phan. Tai thoi diém cudi cua giai doan nay, CSDL duoc dinh dang theo chiéu doc.

Thuat toan Eclat duogc téng két & hinh 2.1.

BoxilyP0  BoxwlyPl Bo xurly P2

e “\\ - B - .
Co s¢ dir i¢u da duoc phan hoach

| | |

Lap lich cac 1op turong duong
Trao doi tid-List cuc bo

P "--¥-* ™ y "_‘L"‘ ™ - "‘L"" &
Co so dir liéu duoc sao chép mot cach chon lva

| | |

DEM SONG SONG

| Trao doi két qua cuoi cung

Hinh 2.1. Thuat toan Eclat [3]

Sau d6, mdi bo xir Iy di vao giai doan dong thoi va tinh toan cac tdp muc phd
bién nhu mé ta & trén. Viée phép rut gon cudi cung dugc thuc hién twong ty nhu

phép rit gon trong giai doan khai tao.

2.2.3. Nhan xét thuat toan Eclat
Thuat toan Eclat dung phwong phap nhom tip phd bién c6 lién quan véi nhau
bang cach sir dung luoc dd phéan chia 16p twong duong, véi mdi 16p twong duwong

chira cac tap muc tng vién quan h¢ tuong duong véi nhau. Phuong phap nay su
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dung k¥ thuat t6 chitc CSDL theo chiéu doc dé nhom cac giao dich ¢ lién quan véi
nhau. Giai thuit nay quét CSDL it hon, giam thiéu chi phi vao va ra. Thudt toan c6
vu diém 14 tinh toan nhanh d¢ phé bién thong qua tap giao dich tid-List.

Han ché cha yéu cia thuat toan nay la ching can phai sinh ra va phan bd lai cac
tid-List. Hon nita, vi mot tap muc phd bién c6 kich thude 16n, cac phan chung chu
yéu cia céac tid-List nay duoc ldy giao ldp lai nhiéu 1an ddi véi tit ca cac tap con
ctia n6. Dé giam bét tinh trang ndy, mot cach thiét 1ap tdi vu khac 1a chi kiém tra
nhiing thay doi trong tid-List thay cho viéc luu giit cac tid -List toan cuc thong qua

cac vong lip sao cho nd giam dang ké khdi luong dir liéu duoc tinh toan.

2.3. Thuat toan FP-Growth
2.3.1. Y twdng thuit toan

Thuét toan Apriori tim tap phd bién thuc hién bang cach rut gon kich thudc cac
tap Ung Vién nho k§ thuat tia. Tuy nhién trong tinh hudng sé lwrong cac muc nhiéu,
d6 pho bién t6i thiéu thap, thuat toan Apriori gip phai 2 chi phi 16n nhu da néu &
phﬁn nhan x¢&t thuat toan Apriori, do la:

- Chi phi cho s6 lugng khong 16 cac tap tng Vién.

- Poi hoi lap lai nhidu 1an duyét CSDL dé kiém tra rat 16n s6 luong tap Gng vién.
Trong bai bao [11] cac tac gia J.H.J.Pei va Y.Jin da gidi thi¢u thuat toan FP-

growth nham khac phuc nhugc diém néu trén. Thudt toan tim cac tdp phd bién bang

phuong phap khac khong sinh cac Gng vién. Thuét toan FP-growth dugc phat trién
theo 3 k¥ thuat chinh:

- MO rong cau trac cdy FP-tree dung dé nén dit liéu thich hop, chi c6 cac myc do
dai 1(1-item) & trong cdy va cac nit cua cdy duoc sip dat dé cac nat xuat hién
thuong xuyén hon c6 thé d& dang chia sé v&i cac nat xuat hién it hon. CSDL 16n
duoc nén chat téi cdu trac dir liéu nhoé hon (FP-tree) tranh dugc chi phi 1ap lai
viéc duyét CSDL.

- Phuong phép khai thac phat trién (growth) timg doan duya trén FP-tree dugc thuc

hién. Bit dau tur tap phé bién d6 dai 1, FP-growth chi xem xét co s& muc phu
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thudc cia n6 nhu la CSDL con, bao gém cac tap muc phé bién cung xuét hién
v6i cac mau hau té (suffix pattern), xy dung FP-tree tuong tmg v6i nd va thuc
hién khai thac dé quy trén cdy nay. Khai thac theo cach nay c6 thé tranh chi phi
cho viéc sinh ra so lugng 16n cac tap (mg vién.

- Ky thuat tim kiém duoc dung & day 13 chia dé tri nhim phan rd nhiém vu khai
thac thanh tdp nhiém vu nho hon véi gidi han cac muc trong cac CSDL nham

thu gon khong gian tim kiém.

2.3.2. CAu tric ciy FP — Tree
CAu trac FP-Tree (Frequent Pattern tree) dugc gidi thiéu lan dau tién boi cac tac

gia J.Han, J.Pei va Y.Yin da khéc phuc dugc nhugce diém cua thuat toan Apriori la

phai phét sinh va kiém tra mot lugng 16n cac g vién.

Cau trac FP-tree duoc dung dé t6 chuc lai CSDL cho thuan loi hon trong qua
trinh tim tap phd bién, ddng thoi cac thong tin dugc nén trong cay FP-tree vai ti 18
tuong ddi cao. Nhiing thuén loi do la:

Nhitng muc khong du do phé bién dugc loai ngay tir ddu, vi vy viéc tim tdp phd
bién chi thao tac trén mot s6 lugng muc nhé hon nhiéu so vai toan bd cac muc.

Nhiéu giao dich s& dugc nén chung trong ciy FP-tree va viéc ndy gitip giam bét
kha nhiéu thao tac trong qua trinh xac dinh do phé bién cua tap muc.

Céu triic FP-tree cho phép thuc hién tim kiém theo chiéu sau va ap dung mo
hinh chia d¢é trji kha hiéu qua.

Cay FP-tree 1a cu truc cay voi mot sb dac diém sau:

e CO6 mot nut cha duoc danh nhin NULL, nhitng nGt con ndi véi nit cha 1a nhitng
thanh phan chung caa nhiéu giao dich duoc nén lai véi nhau (item prefix
subtree), bén canh ciing c6 mot mang cac muc don phd bién (frequent-item
header table).

e M&i nut trong item prefix subtree c6 ba truong dit liéu: ma muc, sb tich liy va
con tro lién két. Ma muyc twong tng muc ma nat nay dai dién, sé tich liy 1a sé

giao dich c6 chtra chung phan muc nay, con tro lién két dung dé lién két 2 nat
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dai dién chung mét m@ muc & hai item prefix subtree khac nhau. Gia tri con tro
lien két mang gia tri rdng khi 12 nat cudi cung trong chudi lién két.

MJi phan tir trong mot mang cac muc don phd bién gom 2 truong: ma muc va
con tro lién két dén dau nat cua chudi lién két cac nit cung dai dién chung cho

mot muc.

2.3.3. Phép chiéu trén cay FP-tree:

Sau khi xay dyng cau triic FP-tree cho toan bo CSDL chi gdm nhirng muc don

thoa d6 phd bién t6i thiéu minSup, ching ta phai duyét cay dé tim ra nhiing tap phd

bién théa minSup. Hiéu qua ciia qua trinh khai thac phu thudc nhiéu vao phuong

phap duyét. Phuong phép duyét phai thoa nhitng yéu cau:

Pam bao két qua tap pho bién 1a day di.

Két qua céc tap pho bién khong bi tring lap.

Nhitng tap phd bién tao ra thoa ngudng minSup.

Dé duyét cay FP-tree, ta ¢ thé sir dung mot trong hai phép chiéu dudi day:
Phép chiéu tir dwdi lén:

Dua trén tha tu caa f-list, chon muc hat gidng bat dau tir muc c6 do phé bién
nhé nhat thoa minSup cho dén muyc c6 d6 phd bién 16n nhat.

Trén cay FP-tree, duyét tir nhitng nit chira muc hat gidng tién dan dén nit géc
dé xay dung f-list cuc bo va FP-tree cuc bd caia muyc hat giéng.

Néu duyét hét muc trong f-list thi quay lui mét budc va thyuc hién tiép.

Phép chiéu tir trén xuong:

Dua trén thi tu cua f-list, chon muc hat gidng bat dau tir muc c6 d6 phé bién 16n
nhit cho dén muc c6 do phd bién nho nhat thoa minSup.

Trén cay FP-tree, duyét tir nGt chira muc hat gidng tién dan xuéng nat 14 cua cay
va xay dung f-list cuc bo cua muc hat giéng. Ghi nhan vi tri cua nat con truc tiép
cua nhitng ndt chira muc hat gidng trong f-list cuc bd.

Néu f-list cuc bo khdng con muc nao thi quay lui mot budce va thuc hién tiép.
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2.3.4. Noi dung thuat toan FP-Growth:
Thuat toan FP-Growth ¢ thé dwgc mo ta nhwr sau:
Pau vao: CSDL cdc giao dich va dg phé bién t6i thiéu minSup

Pau ra: Tdp cdc tdp phé bién FI théa @6 phé bién toi thiéu minSup

Begin
Bubéc 1: TreeQ = createFPtree (CSDL, minSup)
Budc 2: FP-growth (Treeg, null, minSup) Ham FP-growth (FP-
tree, prefix, minSup). Cac budc thuc hién:
Buéc 1l: Néu FP-tree chi cé mét dudng don P thi chi cén
tao ra nhiting tap phd bién két hop gitta prefix va cac td
hop cua nhiing muc trong P va d6 phd bién bang voéi gia
tri tich 18y nhé nhidt cGa nhitng ntt tham gia vao tb
hop. Sau khi phat sinh xong thi két thtc ham.
Budc 2: Nguoc lai, 1lan luot xét tung phdn tir a trong f-
list cua FP-tree va phat sinh tap phd bién (prefix Ua )
c6 d6 phd bién bdng sup(a).
Budc 2.1: Duyét cidy FP-tree tur chudi cac nat dai dién
cho muc a, bd&t ddu bing con trd lién két cua phén tu a
trong f-list va huéng 1én nut gbc. Sau khi duyét xong
ta c6 dugc CSDL cdc giao dich chiéu trén tap muc
(prefix Ua), ky hiéu la CSDL {prefix Va}
Budc 2.2: Tree {prefix Ua} = createFPtree (CSDL {prefix
Ua}, minSup)
Budc 2.3: Néu Tree {prefix Ua} # ¢ thi goi ham:
FP-growth (Tree {prefix Ua}, (prefix va),

minSup)
End

Vi dy: Thuc hién thuat todn FP-growth dé tim cac tap pho bién trong CSDL mau

o Bang 1.2 véi do phé bién 1a minSup = 2. Sau khi tao dugc Treeo, goi ham:

FP-growth (Treeo, null, minSup)
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C | 6
W | 5
A | 4
D | 4
T | 4

Hinh 2.2. Cay Tree0

Vi Treeo khong phai duong don, nén xét muc (T) trong f-list va phat sinh tap phd

bién (T:4). Sau do chiéu trén TreeO dé tao ra CSDL . X
Chiéu trén tap muc (T:4)

Co s0 dir li€u cuc bd cua cac giao dich c6 chira tap muc {T}

Bang 2.5. Noi dung CSDL
{1}

Noi dung con lai cia cac giao dich c6 chira

4 tri tich 1i
tap muc {T} Gia tri tich luy

C,W, A
C,W, AD
C, D
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Tao cay FP-tree cuc by twong trng véi CSDL{T} :

W

Hinh 2.3. Tree _ cuc bd twong ung véi CSDL
{1} {1}

Vi Tree {T};E @ nén goi dé quy chiéu sau ham FP-growth (Tree ay (T), minSup)

Vi Tree{T} khong phai duong don, nén xét muc (D) trong f-list va phat sinh tap
phé bién (TD: 2).

Chiéu trén tdp muc (TD:2):

Co s¢ dir li€u cuc bd cua cac giao dich chtra tap muc {T, D}

Tao cay FP-tree cuc by tuwong trng véi CSDL{TD} :

Hinh 2.4. Tree ___ cuc bd tuong tmg vi CSDL
{TD} {TD}

Vi Tree{TD};é @ nén goi dé quy ham FP-growth (Tree oy’ (TD) ,minSup)

Vi Tree 14 duong don nén phit sinh tap phd bién (TDC : 2).
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Quay tré lai voi Tree{T} xét tiép muyc (A) trong f-list cua Tree{T} va phat sinh tép
phd bién (TA:3).
Chiéu trén tdp muc (TA:3):

Co s¢ dir liéu cuc bo cua cac giao dich c6 chira tap muc {T, A}

Bang 2.6. Noi dung CSDL
{TA}

Noi dung con lai ciia cac giao dich c6 chira tip muc {T, A} Gia trj tich lay

C,W 3

Tao cay FP-tree cuc by tuwong trng véi CSDL{TA} :

W | 3 o

Hinh 2.5. Tree _ _cuc bd tuwong tmg vi CSDL
{TA} {TA}

Goi ham dé quy FP-growth (Tree (TAY ,( TA) ,minSup) va phat sinh dugc cac tap
phé bién (TAC: 3) ; (TAW:3) ; (TACW:3).

Quay tro lai véi Tree{T} xét tiép muc (W) trong f-list cua Tree{T} va phat sinh tap
phé bién (TW:3).

Chiéu trén tdp muc (TW:3):

Co s¢ dir li€u cuc bd cua cac giao dich co6 chura tap muc {T, W}
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Bang 2.7. Noi dung CSDL
{Tw}

Noi dung con lai cia cac giao dich c6 chira Gi4 tri tich liy
tap muc {T, W} i

C 3

Tao cay FP-tree cuc by tuwong trng véi CSDL{TW} :

Hinh 2.6. Tree cuc b twong tng véi CSDL
{TW} {TW}

Goi ham d¢ quy FP-growth (Tree {TW},(TW) ,minSup) va phat sinh dugc cac tap

pho bién (TWC:3).

Quay tro lai véi Tree{T} xét tiép muc (C) trong f-list ctia Tree{T} va phat sinh tap

phé bién (TC :4).
Chiéu trén tdp muc (TC:4):

CSDL =@ dindén Tree =0
{TC} {Tcy

Quay tré lai voi Tree0 xét tiép muc (D) trong f-list ctia Tree0 va phat sinh tap phd
bién (D:4).
Chiéu trén tip muc (D:4):

Ta c6 co s¢ dir li€u cuc bd cua cac giao dich co6 chira tap muc {D}
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Bang 2.8. Noi dung CSDL
{D}

Noi dung con laj cuiia cac giao dich co chira Gi tri tich liiy
tap muc { D }
C, W, A 2
C, W 1
C 1

Tao cay FP-tree cuc bd twong ing voi CSDL{D} :

W 3| .

Hinh 2.7. Tree___ cuc bo tuong g véi CSDL
{D} {D}

Goi ham dé quy FP-growth (Tree (0} ,(D) ,minSup) va phat sinh dugc cac tap

phd bién: (DA:2); (DW:3); (DC:4); (DAW:2); (DAC:2); (DWC:3); (DAWC:2).

Quay trd lai voi Tree0 xét tiép muc (A) trong f-list ciia TreeO va phat sinh tap

pho bién (A:4).
Chiéu trén tip muc (4:4)

Ta c6 co s¢ dir li€u cuc bd cua cac giao dich co chura tap muc {A}
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Bang 2.9. Noi dung CSDL
{A}

N@i dung con lai cia cac giao dich c6 chira tip muc {A} Gia tri tich liy

C,W 4

Tao cay FP-tree cuc by twong trng véi CSDL{A} :

W | 4 | &

Hinh 2.8. Tree_ _cuc bo tuong g véi CSDL
{A} {A}

Goi ham dé quy FP-growth (Tree oy (A), minSup) va phat sinh dugc cac tap
pho bién: (AW : 4) ; (AC :4) ; (AWC : 4)

Quay tr¢ lai voi Treeo xét tiép muc (W) trong f-list cia Treeo va phat sinh tap
phd bién (W:5).

Chiéu trén tdp muc (W:5):

Ta c6 co s¢ dir li€u cuc bd cua cac giao dich co6 chura tap muc {W}

Bang 2.10. N6i dung CSDL
{w}

Noi dung con lai cia cac giao dich c6 chira
tap muc {W} Gia tri tich lay

C 5
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Tao cay FP-tree cuc by twong trng véi CSDL{W} :

Hinh 2.9. Tree_ cuc bd tuong ung voi CSDL
{wW} {w}

Goi ham dé quy FP-growth (Tree o ,( W) ,minSup) va phat sinh duoc tap phd
bién: (WC: 5).
Quay tr¢ lai véi Treeo xét tiép muc (C) trong f-list ctia Tree0 va phat sinh tap pho

bién (C:6).
Chiéu trén tdp muc (C:6)

Co s¢ dir li€u cuc bd cua cac giao dich co6 chura tap muc {C}: CSDL o =0
CAu tric cdy FP-tree cuc b twong tmg voi CSDL{C}: Tree{c} =0

Két qua tap phd bién thu dugc khi thuc hién thuat toan FP-growth:
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Bang 2.11. Két qua tap phd bién thoa ngudng minSup = 2

STT | Tapphobién | Do pho bién (so giao dich) | Do phd bién (%)
1. T 4 66.67%
2. T,D 2 33.33%
3. T.D,C 2 33.33%
4. T,A 3 50.00%
5. T,AW 3 50.00%
6. T,AC 3 50.00%
7. T,AW,C 3 50.00%
8. T, W 3 50.00%
9. T.W,C 3 50.00%
10. T,.C 4 66.67%
11. D 4 66.67%
12. D, A 2 33.33%
13. D, W 3 50.00%
14. D, W, A 2 33.33%
15. D, C 4 66.67%
16. D, A C 2 33.33%
17. D,W, C 3 50.00%
18. D,AW,C 2 33.33%
19. A 4 66.67%

20. A, W 4 66.67%
21. A C 4 66.67%
22. A C W 4 66.67%
23. W 5 83.33%
24, W, C 5 83.33%
25. C 6 100.00%
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Pé khai thac song song tap pho bién sir dung thuat toan FP-Growth, c6 thé thuc
hién nhu cac budc dudi day:
Thuat toan khai thac tap phd bién song song thuc hién 2 nhiém vu chinh:

e Xay dung song song FP-Tree

Giai doan dau cua thuat toan xay dung cac FP-Tree dong thoi trén mdi bo xu
ly. Chung ta chia D co s& dit liéu giao dich cho P bo xtr ly sao cho chac chan mai
bo xtr Iy 6 N/P giao dich. Vi N va P lan luot Ia tong sé giao dich trong CSDL “D”
va sd céc bo xur ly. Cong viéc phan hoach CSDL “D” cho P dugc thuc hién ngau
nhién. Khi két thic phan hoach dit lidu, cdng viéc tiép theo 1a xac dinh 1-itemset
phd bién trude khi xay dung FP-Tree cuc bd. Mdi bo xir Iy tinh toan sé dém phd
bién ctia méi muc bang céch quét phan hoach CSDL cuc b. Sau d6, cac muc ¢ dd
pho bién nho hon d6 phd bién tdi thiéu duoc loai bo.

Giai doan tiép theo l1a xay dyung cac FP-Tree cuc bo, mdi bo xu ly quét CSDL
cuc bo cua no, sau d6 chén cac tap muc phd bién vao cay FP-Tree. Cong viéc xay
duc cay FP-Tree boi mdi bo xir Iy vai CSDL cuc bd cua né giong nhu trong thuat
toan tuan tu.

e Khai thac song song va sinh tdp phé bién

Trong giai doan dau, ching ta xét toan bo cac FP-Tree va tao ra cac mau diéu
Kién co so0.

Giai doan tiép theo, ching ta tap hop cac miu diéu kién co so tir cac by xir ly
dé xay dung FP-Tree diéu kién co s cho mdi muc phd bién.

Khi thuc hién sinh cadc FP-Tree diéu kién, md hinh “Chua-cuc bd” duoc st
dung. Khi bo xu Iy Chu chuyén cac muc can khai béo cho céc bo xir 1y cuc bo. Céc
bo xir Iy cuc bo sinh cac FP-Tree diéu kién cho cac muc d6. Sau khi hoan thanh, n6
giri ma thong bao dén bo xtr Iy Chu dé yéu cau muc ké tiép. Chi phi cho viéc truyén
thong nay twong ddi thap vi mdi bo xir ly chi chuyén 1 ma thdng bao.

Biang cach xay dung lan lugt cac mau diéu kién co s va cac cay diéu kién

FP-Tree bai mdi bo xar ly. Khi nhanh cia mot cay FP-Tree diéu kién dugc xay
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dung, c6 thé thu dugc tap cac muc c6 kha nang phd bién. M6 hinh song song duoc
ap dung la mo hinh “Chu-cuc bo”.

Va&i mé hinh nay, khi b6 xir ly cuc bo lam xong nhiém vu, né dugc nhan ngay
nhiém vu khéac, Piéu nay gitp cho b xt ly ludn trong trang thai hoat dong trong
qua trinh khai thac. Sau khi giai doan khai thac két thic, tit ca cac két qua duoc

chuyén vé bo xt ly chii dé tong hop va danh gia.

2.3.5. Nhan xét thuat toan FP-Growth

Thuat toan FP-Growth giai quyét dugc cac han ché cta thuat toan Apriori nhu
khong sinh sb luong 16n tip ng vién, chi phai quét CSDL hai lan. Thuit toan ciing
rit gon hop 1y cac thong tin can thiét boi cac muc khong phd bién di bi loai ngay tir
dau.

Thuat toan FP-Growth xir Iy luong 16n CSDL rat hiéu qua va c6 téc do thuc thi
ty 18 rat hiéu qua so voi lugng giao dich 16, sy 1ap lai nhiéu 1an hay lip lai nhiéu
1an cuc b céc giao dich s€ duoc két hop lai tao thanh cac nhanh cua FP-tree.

Thuat toan FP-Growth kha hiéu qua vi sir dung cau tric cay FP-tree. Tuy nhién
Vi FP-Growth 1am viéc trén tat ca cac tap phé bién nén van chim hon mét s6 thuat

toan khac su dung cay FP-tree.



50

*Két ludn chwong 2:

Trong chuong ndy di trinh bay mét sb thut toan khai thac tip phd bién kinh
dién nhu thuat todn Apriori, Eclat, FP-Growth. Qua d6, cac wu, nhugc diém cua
tung thudt toan cling dugc néu ra. Tuy nhién, cic thuat todn song song dua trén xay
dung cac hé thong may tinh 16n, dugc thiét ké phan tan thi can chi phi dong bd va
giao tiép dit liéu 16n ciing nhu tén kém vé chi phi xdy dung phan ctng. Vi vay dé
tiét kiém chi phi dau vao/ dau ra ciing nhu chi phi giao tiép, thiét ké hé thdng,
chuong tiép theo ctia luan van di siu tim hiéu, nghién ctru vé mot phuong phap khai
thac tap phd bién mai, c6 thé t6i wu hoa viéc sir dung phan clng cia mot may tinh
riéng 1¢ dé khai thac song song dit liéu d6 1a phuong phéap khai thac song song tap

phd bién dua trén mang Systolic.
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CHUONG 3. THUAT TOAN KHAI THAC SONG
SONG TAP PHO BIEN DUA TREN MANG
SYSTOLIC

Nhiéu thuat todn song song va phan tan da dugc dé xuat dé khai thac cac tap pho
bién trong CSDL giao dich [15-17]. Hau hét cac thé hé dau tién cua thuit toan khai
thac mau song song va phan tan dugc nghién ctru dua trén thuat toan Apropri. Tat
ca nhitng thuat toan déu c6 nhimg diém han ché gidng Apriori 1 phai duyét CSDL
nhiéu lan, s6 lugng tip Gng vién 16n.

Thuat todn FP-growth dugc phat trién dua trén k¥ thudt Apriori, thudt toan xay
dung mot s6 FP-tree cuc bd trong moi truong bod nhd phan tdn. Mot sb luong 16n
cac nghién ctru vé k¥ thuat khai thac FP-tree theo md hinh khai thac song song va
phan tan di duoc dua ra ¢ trong cac chién lugc khai thac song song va phan tan luat
két hop [11]. Nhitng cong trinh nay phan ving dit liéu thanh nhiéu phan va sau d6
xay dung FP-tree riéng cho timg phan song song [11]. Mat khac, c6 mot sb thuat
toan khac xay dung cay FP-tree cho toan bo CSDL, bang k¥ thuat tao ciy song
song.

Mot thuat toan song song hiéu qua khai thac tap pho bién dya trén nén tang song
song khong chia sé dd dugc trinh bay trong bai bao vé thuit toan Closet+, mot chién
lwgc dé khai thac tp phd bién dong. Bang cach phan ving hiéu qua danh sach céac
phan tir pho bién trén bo xir 1y, thuat toan PFP-tree c¢6 gang giam tdi thiéu chi phi
két ndi va chi phi dong bo hoa. LFP-Tree 1a mot thuat toan khai thac phan tan va
song song khac dya trén ciu trac FP-tree. Thuét todn phan chia céc tdp phan tir can
khai thac theo chiéu rong va chiéu siu cua cdy. Thoi gian két ndi trong LFP-tree da
giam bét bang cach giit cac phan tir c6 kha nang phé bién trong cic nit may tinh
cuc bd cua nd, vi vay LFP-tree gidam dugc chut thoi gian tinh todn so véi1 PFP-tree.
Ngoai ra, nd ¢o toc do tét hon so v6i PFP-tree khi sb lugng bo vi xir 1y tang 1én.

Thuat toan song song Eclat dung phuong phap nhom tap phd bién ¢ lién quan

v6i nhau bang cach sir dung luge d6 phan chia 16p twong duong, voi mdi 16p tuong
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duong chura cac tdp muc ung vién quan hé twong duong voi nhau. Phuong phap nay
sir dung k¥ thuat t6 chitc CSDL theo chiéu doc dé nhém cac giao dich c6 lién quan
v6i nhau. Giai thuat nay quét CSDL it hon, giam thiéu chi phi vao va ra. Hon nira,
su doc 1ap gitra cac bo xir 1y 1am giam chi phi truyén thong va dong bo.

Mac du cac phuong phap FP-tree cuc bg hodc toan cuc c6 thé duoc xdy dung ma
chi ton it chi phi giao tiép giita cac bd vi xir 1y, nhung hau nhu tat ca cac phuong
phap tiép can déu ton qua nhiéu chi phi giao tiép, trong qua trinh KTDL. Tét ca cac
phuong phap khai thac song song duoc phat trién trudc day ciing c6 mot van dé
chung 13 “lam thé ndo chung ta co thé chia cac bo dir liéu giira cac may tinh va khai
thac doc 1ap ma khong can phai chia sé thong tin va két qua”.

Mang Systolic duoc sir dung dé giai quyét van dé nay. Str dung k¥ thuat mang
Systolic cho phép khai thac tap phd bién song song ma khéng can phai chia sé
thong tin va két qua, dong thoi khong lam qua tai dir liéu dau vao/ dau ra (Input/
Output). Ngoai ra v6i viée sir dung méang systolic, ¢6 thé thyc hién khai thac song
song trén cling mot may tinh tuy thudc vao kha ning manh yéu cia phan ctng, tin
dung dugc strc manh cua bd xir 1y dd hoa (GPU) va vi bg xtr Iy cua may tinh (CPU).
Qua d6, giam thiéu duogc thdi gian giao tiép ciing nhu chi phi thiét 1ap hé thong

song song.

3.1. Bai toan khai thac song song tip pho bién dwa trén mang
Systolic
3.1.1. CAu triic mang Systolic

Nam 1978 Kung va Leiserson dé xuat mot loai kién trac dugc goi 13 mang
Systolic cho nhiing tinh toan dic biét. Trong kién tric mdy tinh song song, mot
mang Systolic 14 mot mang dong nhét ctia céac lién két trong b vi xir 1y-CPU duge
goi la “bo xur 1y”.

Mot mang Systolic 1a su sip xép timg vi xir 1y trong mot mang, dong chay dir
liéu dong bd chay qua timg bd xir 1y trong mang, thong thuong cac dong dir licu

khac nhau chay theo huéng khac nhau. Mdi bo xir 1y tai mdi budce iy dir liéu tir
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nhirng bd xtr 1y ké no, xtr 1y nd, va két qua dugc di ra theo huéng nguoc lai. Pay 1a
mot dang dac bi¢t cua tinh todn song song. BO xur ly tinh toan dir 1i€u va luu trit nd
doc lap. Trong loai song song ndy, khong gidng nhu nhiéu hinh thic song song
song khac, khong bi mat tbc do vi thoi gian két ndi giita cac bo xir 1y.

Hinh 3.1 cho thiy vi du ciia mét bo xir Iy trong mang Systolic. Bo xur Iy nay ¢6 2

dau vao “a” va “b”’ va 1 bd nhd “m” dé luu dir liéu. Sau d6 mdi lan tinh toan, bd xur

ly tra vé 2 gia tri dau ra x va y. Cong thuc tinh toan duoc xac dinh cho bo xir 1y.

b

.

%

Hinh 3.1. Mot bo xtr 1y trong mang Systolic [4]
3.1.2. Muc dich sir dung va hi€u qua ctia mang Systolic

Mot loi ich 16n ctia mang Systolic 13 tat ca cac dir liéu toan hang va timg phan
cta két qua duoc luu trir (di qua) bén trong cac mang vi xir Iy. Cu trac mang
Systolic khéng can phai truy cap vao cac bus bén ngoai, bd nhé trong ddi voi timg
hoat dong nhu 1 trudng hop véi cac may tudn tr Von Neumann hodc Harvard. N6
cling khong bi anh hudng bai cac gidi han tuan ty vé hiéu suét song song, vi cac di
liéu dau vao duogc ngdm xir 1y bdi cac node duoc lap trinh lién két v6i nhau va
khong co cac bude tuan ty trong viée quan 1y cac ludng dit liéu cao song song.

Do d6 mang Systolic rat thich hop dé ap dung vao cac linh vuc tri thong minh
nhan tao, xur Iy anh, nhan dang mau, may tinh 4o va cac nhiém vu khéac. B xur ly
mang Systolic cling c6 thé ap dung rat tot & linh vuc may hoc béng cach thuc hién tu
ciu hinh mang ludi neural trong phan cimg.

Hiéu qua ciia mang Systolic phu thudc rat nhiéu vao cac dic tinh vao/ ra cua dir

liéu. N6 s€ rat hiéu qua doi vdoi nhitng bai toan ma so liéu doc/ ghi thyuc hién voi
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nhip d6 cao, déu déu va lién tuc nhu cac bai toan xir Iy anh, qui hoach tuyén tinh,

V.V.

3.1.3. M ta chi tiét mang Systolic
Trong mang Systolic, mdi thanh phan xtr Iy dugc xem nhu mdt té bao (mot 6
trong mang) bao gdm:
e Mot sb thanh ghi.
e Mot bo cong.
e Céc mach diéu khién.
e Don vi logic-s6 hoc ALU.
Céac 6 1an can c6 thé trao d6i dix liéu v6i nhau.
Dua vao mang Systolic ngudi ta xay dung kién trac bd xur Iy bang mang Systolic

(SAP) [1].

v Dt liéu vao |
Systolic ) Tin hiéu Controller Host
Array Processor
4 Két qua [

Hinh 3.2. Kién trac bd xtr Iy mang Systolic

Trong kién triic SAP néu trén: bd diéu khién lam nhiém vu giao dién cho BXL
chinh va gtri cac tin hi¢u diéu khién qué trinh vao/ra dit liéu cho SA.

Hoat dong ctia hé thong theo timg nhip va lip lai mot cach déu dan dé tan dung
dugc kha nang song song cila tat ca cac phan tir xir 1y.

Mang Systolic c6 thé to chirc theo nhiéu cdu hinh khac nhau. Hinh 3.3 mo ta

mdt s cau hinh pho bién cia mang Systolic.
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(b)
Hinh 3.3. M6t s cdu hinh phd bién cia mang Systolic: (a) mang tuyén tinh, (b) mang hinh

tam giac, (c) mang hai chiéu hinh vuéng

Vi du: Xét bai toan nhan 2 matrancd 2 X 2:A*B =C
[a11 a12] x [bll b12] _ [C11 C12]
Az1 Q3 b,, by, C21 Co2
Hién nhién C;; = ¥ ay, X by;j(k = 1,2)

€11 = Qg1 X byg + agp X by C12 = Q11 X byy +ag; X by,

C21 = Qpq X byg + ay; X by C22 = Qpq X b1y + Ay X by

Chung ta c6 thé thiét ké mang Systolic ¢6 9 thanh phan xur 1y dé thuc hién nhan

hai ma tran trén nhu sau:
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Nhap theo hang
dx
dz) I
I
aj| a2 \
S
bll \w.5 - D
\\ 2 \\ 3
\\ \\
by by o G e
4 \\5 N6 N0
Nhap theo cot b, __s Y R "Ny
22 ¥ T U< ol
7 & M9 N
~
N G s
Ci2 N

Hinh 3.4. Kién triic SA dé thuc hién nhan hai ma tran

M6 td cdc bude thwe hién nhan 2 ma trn trong kién triic mang Systolic:
Nhip 1:

Nhap a,;, b;;va0 6 s6 1 vatinh ay; * by;.

Nhap b,,Vva0 6 s6 4 va a,,va0 6 s 2.

Nhip 2:

Truyén by, tir 6 56 1 sang 6 sb 2.

Truyén a,, tir 6 1 sang 6 4 va tinh a,; * b,;.

Truyén by, tir 6 1 sang & 2 va tinh = by ;.

Truyén by, tir 6 4 sang & 5 va a,, tir 6 2 sang 6 5 va tinh a,, * b;.
Tinh ¢y = aq3 * by + aqy * byy.

Nhan tiép b, vao 6 4 va a,; vao 6 s6 2.

Nhip 3:

Truyén ¢y, tir & 56 5 sang 6 s6 9

Truyén a,, * by, tr 6 2 sang 6 6

Truyén by, tir 6 5sang 6 6

Nhap a,, vao 6 3 va nhap b,, vao 6 7

Nhip 4:
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e Truyén a,, tir 6 s6 3 sang 6 s6 6

e Tinha,, * by,

e Truyéna,, * by, tir62sang 6 6

e Cong don két qua dugc chuyén tir 6 2 S8 Cho ¢y = @y * byg + apy * byy

e Chuyén c;, tir 6 9 ra va gan cho c;,

3.2. Thuit toan khai thac tap pho bién sir dung mang Systolic
3.2.1. M3 héa dir liéu bang ma tran bit
Pé thuc hién tinh toan trén may tinh, dir li¢u can dugc mi hoa thanh ma nhi
phan ma cu thé & day cac tap dir liéu duoc ma hoa thanh mot ma tran bit véi gia tri
tuong rng.
Vi du: Xét CSDL trong Bang 3.1:
Bang 3.1. CSDL c6 cé4c phan tir dugc ky hiéu theo chir cai

Tid Itemset Tap pho bién

Minsup = 2

1 a,cfp a,c,f

2 d,e, f,m d,ef

3 a,b,df a,b,df

4 a, ceh ac,e

5 c,d e fk c,def

6 b,c,def b,c,def

7 b,d,e,f b,d,e,f

8 e, f e,f

Tap cac item dugc str dung trong co s dir licunay la I = {a, b, ¢, d, e, f, h, k, m,
p}. Trong bo dit lidu nay, X = {b, e, f} 1a tdp phan tir phd bién voi sup=2 bai vi nd
la tdp con cua 2 giao dich 6 va 7.

Dé don gian hon, cho tap X = bef. “bef” khong phai 1a mot tap dong boi vi ton
tai mot tip cha “bdef” trong bd dir liéu c6 cing d6 phd bién. Tuy nhién “bdef” 1a
mot tap dong boi vi chi c6 mot tap cha cia nd “bedef” c6 dd phd bién 1a 1.

Véi tap dir liéu D va mot ngudng minsup, van dé ciia viéc khai thac tap pho bién

la tim tat ca tap phd bién tuong Uing vdi ngudng minsup, tuong ty voi van dé cua



58

viéc khai thac tdp phd bién dong 13 tim tdp phd bién dong tuong tng v4i ngudng
minsup.

Chung ta c6 thé biéu dién mot bo dit liéu thanh mot ma tran bit [1] v6i m hang
va n cot sao cho mdi hang twong g véi mot giao dich cia tap dit lidu va mdi cot
trong (mg v6i mot phan tir trong tip “I”. Mbi hang cua tap di liéu 1a mot chudi “n
bit”, néu mot hang dir liéu c6 chira phan tir “i” thi bit thir “i” ctia chudi twong tmg 1a
1 va nguoc lai 1a 0. Do d6 bo dir liéu dugc nén thanh mgt ma tran bit.

Vi du: Ma tran bit tuong Uimg véi dir liéu cua Bang 3.1 1a Hinh 3.5

a b cde f h k m p rowoum
1Jol1Jlolol1]ololo|1]4
0Jlol1l1]1l0]0|1]0] 1
1{ol1]ol1]0o]olo0]o0] 1
0]1]0]1]0]1]0]0]0] 4
0jol1]1]1]1]0]1]o0]0]5
0 111]111]0]/0]0]0]5
0]1]o]1]1]1]0]0]o0]0] a
0Jololol1]1]olololol2
35[3[4]5] 6] 7]1]1]1]1
colSum

Hinh 3.5. Ma tran bit cta tap dir liéu

Hai mang ctia ma tran bit: colSum 13 mot mang n-phan tr chi ra cho biét do phd
bién cta ting phan tir va rowSum 13 mot mang c6 m phan tir chi ra sd luong cac
phan tir trong mdi hang. Chung ta c6 thé luot b6t cot ciia ma tran bit theo minsup,
loai b tat ca cac cot tuong ing voi colsum c6 gia tri nhé hon minsup.

Cot thur 3 cua bang 3.1 cho théy dit liéu duoc cit bot dua trén ngudng minsup =
2. Hinh 3.6 1a m6t ma tran bit da dugc rat gon sau khi loai bo céc cdt twong tng véi

colSum c¢6 gia tri nhé hon minsup = 2
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a b c d e f ' woum
11010071 4
ololo 111 4
1(1(01]0]1 4
11011 0] 1 0 4
001 |1 |1]1 5

O 1|11 1]1 5
0|10 |1 |1]1 4
010001711 )
3134 |5]|6|7

colSum

Hinh 3.6. Ma tran bit rat gon v4i minsup = 2

Dé xac dinh xem mdt tap phan tir X 1a phd bién hay khong, ching ta xay dung
ColAndVector ciia no bang cach thuc hién toan tir “And” trén cac ¢t tuong ung voi
tat ca cac phan tir cia X. Néu téng cua cac gia tri trong mdt ColAndVector khong
nho hon minsup thi tap phan tir cia ColAndVector dé 1a pho bién.

Vi du: ColAndVector (ab) chi c6 mot bit voi gid tri 1 (bit thir 3) va do do ab 1a
khéng pho bién.

Dé chi ra tap phd bién X 1a déng tir ma tran bit, ching ta nén xiy dung
ColAndVector ctia X va toan hang “And” trén ColAndVector vdi cot cua timg phan
tir khong ton tai trong X. Néu két qua cudi cung ciia toan hang AND 1a bang v&i
colAndVector cua X thi X khong dong.

Vi du: Trong Hinh 3.6, colAndVector (bef) = 00000110 va colAndVector (bdef)
= 00000110 va vi thé “bef” khong phai la tap dong.
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3.2.2. Xay dung ciu tric mang Systolic dé khai thac tap pho bién
Dé st dung mang Systolic nhu 13 moi trudng dé phat trién thuat toan khai thac
song song tap pho bién, du tién can xac dinh gia tri dau vao, dau ra va bd nhé trong
mdi bd xur 1. Vi muc dich nay, dau tién can xdy dung mot mang Systolic ¢ kha
nang xay dung tat ca cac tdp phd bién ctia mot bo dir liéu va vector bit twong ng
ctia n6 dé cho biét 1a n6 ¢6 phai la tap phd bién hay khong.
Y tuéng chinh la:
e Xac dinh nhitng phan tir pho bién trong tap dit lidu, néu c6 ton tai “n” phan tir
pho bién trong tap dir liéu, s& ¢6 2™ — 1 tap phan tir c6 kha nang pho bién.
e K&t quala co 1 d&n 2™ — 1 chudi nhi phan cua tap phan t, va mdi phan tir
tuong ung véi véi 1 bit cua trong tirng chudi.
Dé thyc hién y tudng nay, mang Systolic mot chidu duogc thiét ké véi cac bo xir

1y nhu Hinh 3.7.

A ¢—

Fl m

l

b

Hinh 3.7. Chirc ning cia mot bo xir 1y trong mang Systolic 1 chiéu [4]

Thong tin va ludt cua tung bo xur ly trong mang Systolic nhu sau:

e MJi bo xur Iy ¢6 mot bo nhd (X) luu trix vector bit cia mot phan ti.

e vector bit twong tng véi mdi bo xtr Iy c6 mot bo nhg (m) luu trix tén cta mot
phan tir.

e MJi bo xu Iy ¢ mot bo nhé (2) luu trir mot bit. Néu c6 ton tai phan tir cua bo xir
Iy twong &ng trong tap phan ti thi z = 1, nguoc lai z = 0.
MGi bé xir Iy ¢6 dau vao (y) gom 3 phan:

e y(IS) la mot tap phan tu.
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e y(array) la ang cua tap phan tu.
e y(sw) dé xac dinh xem tién trinh xir 1y d hoan thanh hay khong.

Mbi b xik Iy ¢6 2 dau ra *“a” va “b”.

Pau tién, gia s chung ta c6 mot mang mot chidu véi n bd xur Iy (n 13 s6 luong
cac phan ttr phd bién trong cac bo dit liéu) sao cho dau ra “a” cua bd xir Iy “i” 1a
dau vao “y” ctia bo xir 1y “i+1” (cho mdi 0 < i <n).

Dau vao ban dau cho bd xtr Iy dau tién trong timg tién trinh 13 y. Véi:
e yUS)=0
e y(array) la mot vector nbitco giatri=1
e y(sw)=1

Vi du: Xét CSDL ¢ Bang 3.1.

Néu minsup 1a 2 thi két qua 13 cot colSum cua hinh 3.5. Do d6 tap cic phan tir
phé bién 1a {a, b, ¢, d, e, f} tuong ing ma tran bit Hinh 3.6.

Vi mdi bd xur 1y ctia mang Systolic Iuu trit cac bit dai dién cho mot phan ti, vi
vay can chuyén bo dir li¢u sang chiéu doc. Cac bd dit liéu theo chiéu doc cé thé
duoc tao ra boi chuyén d6i ma tran bit trong Gng. Trong Hinh 3.8 cho thdy ma tran

bit chuyén d6i twong ing Hinh 3.6

rowSum
al1(0(T1T|1T 10101010 3
b{Oo{O0O[T1T]0]0]|1T]|11]0 5
cl|l1T010]1 1 1 010 3]
d{/o({1 (1|01 |1T]|11]0 4
elO] 1T 10 1T 11111 6
f11 (11T {0 1T]1]|1]1 5
colSum 31113143 |11]12]1

Hinh 3.8. Ma trdn bit chuyén ddi tir tip phan tir twong Gmg véi hinh 3.5
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M&i dong ciia ma tran bit chuyén d6i twong tmg voi mot vector bit ciia mot phan
tor va duoc luu trong bo xtr 1y cua mang Systolic.

Y tuwéng khai thac 1a xdy dung tit ca cac tip phan tir co thé cd va vector bit
tuong (mg ctia nd, va kiém tra do phd bién cuia né bang cach dém sb luong cac bit
c6 gia tri “1” trong vector bit twong tmg. Vi mdi cdt clia ma tran bit chuyén ddi
tuong (mg voi mot hang cua céac tap dit liéu, nén néu sd bit co gia tri 1 trong vector
bit twong tmg cua tdp phan tir 1on hon minsup thi tap d6 s& 13 mot tap phd bién. Mau
nay va vector bit twong tmg cta né di chuyén giira cac bo xir 1y va c6 mot bién kiém
tra qué trinh tao mau dugc két thuc qua timg budc.

Qud trinh tinh todn ciia méi bé xir Iy trong qua tirng buwéc dwoc dwa trén
cdc quy tic sau:
Voi y(sw) = 1:
e Néu z = 1:

y(array) = ((x) AND (y(array))
y(IS) = y(IS)um

-y(sw) =1
-z=0
—a=y
- b= *
e Néu z = O:
-y(sw) =0
-z =1
~—a=vy
- p==*
Vi y(sw) = 0:

e Néu z = 1:
- y(array) = ((X) AND (y(array))
y(S) = y(IS) = y(IS)um
y(sw) =0
~—a=y
- b= =*
e Néu z = O:
—a=y
- b= =*
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Qua trinh tinh to4n ndy tao ra tit ca cac sb tir 1 dén 2™ — 1 trong cac bd xu ly

clia mang Systolic ma mdi bit ctia s6 dugc luu trit trong mot bo xtr 1y clia méang.

3.3. Phuong phap khai thac song song dua trén mang Systolic
3.3.1. Phuwong phap tiép cin chia dé trj
Phuong phap tiép can chia dé trj dugc st dung dé cai thién phuong phap song
song. Trong cach tiép can nay tap dir liéu dugc phan chia dua trén cac tap phd bién
tdi thiéu. Noi chung, céac tap khai thac ctia mdi bo dit liéu duge chia thanh céac loai
khac nhau dua trén cac phén tor. Vi muc tiéu nay, trudc ti€n cac phén tur trong mdi
giao dich dugc sap xépvé cing mot cap do va sau d6 phan loai ra nhiing tap phd
bién theo cip do nhu sau:
e Nhitng tap c6 chira nhitng phan tir dau tién (ciing cap) sé la thanh vién caa nhém
tha 1.
e Nhitng tap cd chira cac phan tir thir hai va khong cd chira phan tir dau tién sé 1a
thanh vién cua nhom thir 2.
e Tap c6 chtra cac phan tir thir ba va khdng phan tir dau tién va thir hai s& 1a thanh
vién cia nhom tha ba va van van.
Vi du: Xét cac ma tran bit cuia hinh 3.7. Ma tran bit nay c6 6 phén tr ma duoc
sap xép theo thir tu alphabets (& ddy tht tu sip xép chung 13 dua vao alphabets).
Mau rit trich cia ma tran bit nay dugc chia thanh 6 loai khac nhau nhu sau:

(1) Nhitng mau chtra a.

(2) Nhitng mau chtra b va khong chua a.

(3) Nhitng mau chtra ¢ va khong chiraa va b

(4) Nhitng mau chtra d va khong chtaavab vac
(5) Nhitng mau chtra e va khong chira a va b va c,d

(6) Nhitng mau chura f.
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Hudng tiép can nay dugc sir dung trong khai thac tdp pho bién song song dé
giam thoi gian thuc thi. Vi muc tiéu ndy, mdi nhém dugc chia thanh mang systolic
va sit dung mang dé xay dung miu cia tirmg nhom. Vi vdy, phuong phép ting mirc

dd song song.

3.3.2. Mang Systolic 2 chiéu
Dua trén hudng tiép can chia dé tri, mot mang Systolic vdi n-1 bo xtr 1y dugc su
dung dé khai thac loai thir nhat cua tap dit liéu (tip phd bién co chira a).

Hinh 3.9 cho thiy c4u tric ctia mang nay.

b . d ”4—F1—|'1|ﬂ|1|'1|[J|1'JI|L]|{J'|

0 0 0 0 1 ({a)1)

Voo

Hinh 3.9. Khdi tao ban dau ciia mang systolic dé khai thac tap phan tir c6 chira “a”

Trong mang nay, cu tric giébng nhu mang trong phan 4 dugc st dung nhung dau
vao bao gdm phan tir “a” va mang khong c6 bd xu 1y twong tng véi phan tir “a”.

Gia tri dau vao di chuyén trong mang va bo xir 1y gidng nhu mang duoc mé ta &
trén. CO n - 1 mang cho n - 1 phan tir (tit ca nhung trir phan tir cudi cung) cua tap

dir lidu.
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Hinh 3.10. Mang systolic hai chiéu khai thac tap dir liéu phd bién [4]

Bo xir Iy ¢6 kha ning lién tuc tinh todan mdi 1an hoan thanh timg dong cua mang
trong khi dir liéu dau vao tién dén phia bén trai “1” ciia mang systolic. Hon nira néu
sd bit “1” trong y (array) nho hon d6 phd bién tién trinh cua y s& dimg lai. Vi vay co
thé sap xép cac phan tir theo do pho bién ctia né va xac sut dimg tién trinh ting
lén & cac hang cao hon, nhiéu bo xtr Iy hon hon va do d6 thuat toan cua s& dugc

cai thién.

3.4. Thuat toan khai thac dua trén mang Systolic

Théng qua cach tiép can chia dé tri, thuat toan song song SABMA (Systolic
Array Based Mining Algorithm) duoc trinh bay, khai thac céc tap phé bién cua bo
dir liéu hiéu qua. SABMA dung 1 mang Systolic 2 chiéu c6 n-1 dong, véi mdi dong

“k” (V1< k <n-—1)chia“nk”boxtrly.
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Thuat toan KTDL dua trén mang Systolic (SABMA) dugc mo ta nhu sau:
Begin
Sw: boolean;
Is: String;
bitVector: array[1l..m] of boolean;
End
Procedure SABMA
Input
integer // sé luong hang cua tap di 1liéu
integer // sé luong tdp phd bién
tems: array[l...n] of integer // tdp hop tat ca cac

m:
n:
i
tdp phd bién

y: array[1l...n-1] of InputStruct // diu vao cdc dong
trong mang systolic

minsup: integer // d6 phd bién tbi thiéu

bitMat: array[l...n][1...m] of Boolean

Output

File: textFile // file chtta cdc tdp phd bién tim duoc

trong dataset

Var

i: integer;
Begin

t:-=1;

while(cé it nhdt 1 bit z = 0) then
Begin

for 1:=1 to n-1 do

Begin

y[i]-1S:= intostr(items[i] + "");

y[i]-bitVector := bitmat[item[i]];

y[i].sw = 1;

dua y[i] dén bd xir 1y dadu tién cua dong tha “i”
trong mang systolic

if (cé tén tai gid tri trong output “a” cua bd xu

ly o vi tri ([logi™]+ 1)

then

if (item 1a tép phd bién) then output (File, a.IS)
End
t:= t+1;

End
End
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Dién gidi thudt todn:

Tham s ddu vao cua thuit toan ndy bao gém:

e “m” lasé dong cua tap dix liéu (1a s6 cta cot ma tran bit chuyén doi).
e “n” lasb phan tir phd bién (1a s6 hang cua ma tran bit chuyén doi).

e “y” ladir liéu dau vao cua mdi hang cia mang Systolic.

e minsup do nguoi dung chi dinh 1a d6 pho bién téi thiéu.

e DbitMat 12 ma tran bit chuyén doi tur tap dix liéu.

Trong phan chinh (trong khdi chinh “while’ cta thuit toan), cac thuit toan xéac
dinh dau vao cho cac hang khac nhau cua méang Systolic, lap di lap lai, sau d6 goi
chung dén cac bo xir 1y thi nhat. Trong mdi vong cua vong lip, cac thuit toan cling
kiém tra output cta cac bo xir Iy cudi cing dé xut cac gi tri thanh file.

Trong mdi vong lap for bén trong, dau tién gia tri dau vao y dugc khoi tao véi
cac phan tir co gia tri tuong ung.

Vi du: Xét CSDL da duge ma hoa bang ma tran bit & hinh 3.8. C6 6 phan tir {a,
b, c, d, e, f} trong tap dir li¢u.

=>n=6va co5 vong lap cho 5 dong.
Khéi tao ban dau ctia mang Systolic trong truong hop ndy nhu dudi ddy. Hinh

3.9 1a cho thdy gia tri dAu vao ctiia mang Systolic khi dwgc khdi tao 1an dau.

a b C d e f
0 0 0 0 1 ({{AY

[T 177 ]

Hinh 3.9. Khdi tao ban dau cuia mang Systolic [4]

Trong hinh 3.9 chi chi ra tén ting phan tir, vi tri ctia né trong bo xir 1y va vector
bit chuyén ddi twong Gmg cta nod.
Trong lan lap dau tién, y[1] duoc khai tao véi gia tri:

Qua trinh luu trit trong mang dugc mo ta trong hinh trong hinh 3.10 — 3.12
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Vi vectorbit duoc khoi tao & vector bit cua tap @ nén c6 gia tri cua tat ca cac 6
1a 1. Bit z d4u tién ciing duwoc danh dau = 1 dé tiét kiém vong lap xu ly.

PAu tién 2 vectorbit duoc AND véi nhau dé cho ra vectorbit méi.

y[1] .1S=*a’, y[i] bitVector =10110000 ( dong tuwong tng cua cia phan tir a trong

ma tran bit), va y[1].sw =1 cho dong dau tién.

1—"'1—hq—‘i—d*—“"‘—|1|1|||“|‘|'l|l|]|_ Ml

0 0 0 0 0 (1£1.1) 0

T T 1711 [

1-—"'1—hq—‘4—d*—|1|1|1|n|1|]|]|1I—." Fle
0 0 i 0 (£}, 1 il

- | . e B P N P S

0 n 0 {1£,0)

-—
-—
—

P

Ca—
*

e e B N T N D I e A VS L P [ P
y 0 (1£),0) 0 0

TT T T 71

P N R e e ™ %—T-
0 (1£1.0) 0 ﬂ 1 0
' oreob

<[ (11 Jofrfafafr [ ledblelcle]die]ele

(1£1,0) 0 0 0 0 1
S A

* - * Ld

Hinh 3.10. Lan di chuyén dau tién ctia mang Systolic [4]
Hinh 3.10- chi ra tdp phan tir {f} 1 phd bién vi s bit 1(ddu ra) cua y(array) 1a 7

va 16n hon minsup (minsup = 2).
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Tuong ty, qua trinh chuan bi gia tri dau vao twong tng cho dong ké tiép duoc
lap lai. Sau d6 khoi tao dau vao, y[1] di chuyén tir bo xir Iy 1 dén bo xir Iy khac trén
hang dau tién ciia mang Systolic.

*1 + 1), thuat toan kiém tra d6 phd

Khi gia tri dau vao nay dén bo xtr Iy sé ([log,
bién cua cac tap phd bién, va néu né 1a phé bién, né s& duoc xuit ra file.

O lan lap thir 2 cua vong lip for, y[3] duoc khoi tao (‘c’,10011100,1) va di
chuyén trén hang thir 3 cia mang Systolic.
2+1

Khi n6 dén sé bo xir ly ([log,”™] + 1) = 2, twong &ng vai tap dit liéu (ce) s& duoc
kiém tra c6 pho bién hay khong, va ‘ce’ s& duoc xuit ra file & dau ra la tap pho bién.

Hinh 3.11 cho thiy lan di chuyén thir 2 cia mang Systolic.

b

U U P ) P T P Tl |l]L]1]l]L]1]1]|]
0 0 0 0 B {1.1)
| T A A
P L L T e— (T[T T[T T (T[T [T ]}t
[i] 0 0 0 [{]Xu)] 1
I '
o I oL PR I Pl IO I I I O I A e B P L S
i 0 0 [i] {fe)0) 1 1
F T T I T
.._-‘.._"q_;...—[n|1|u|1|1|||||t| | e
0 0 0 (le).0) n 1 !
) e Pl ToT a0 [T T3 T T 11 11— “led Fled @le| fle
0 0 ({e].0) i 0 1 1
Il DT
e Jo[1 o111 1]1] b |l e f ol | f e
0 {Iel0) (o] [o 0 1

1 ’

117
NN N AN N R AR AN -

Hinh 3.11. Lan di chuyén tht hai cia mang Systolic [4]

1
F

C6 thé nhin thay rang sau lan di chuyén dau tién cac by xir Iy cua mang xay

dung dang nhi phan ciia 2 va sau lan di chuyén th@r hai n6 xay dung cic dang nhi
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phan ctia 3. Can chu ¥ rang, qua trinh di chuyén dién ra lién tuc, ngay sau khi lan di
chuyén dau tién vao bd xtr Iy dau tién xong, s& di chuyén ngay 1ap tic vao bo xir 1y
thir 2, va dir liéu tiép theo lai di chuyén vao bo xir 1y dau tién, cir nhu thé tiép tuc.
Hinh 3.12 cho thay qua trinh di chuyén ctia y vao mang Systolic trong lan thir
3. V6i z = ”1” thuat toan tiép tuc thuc hién phép toan AND 2 vectorbit v6i nhau dé
c6 duoc vectorbit mai. Sau do vectorbit nay dugc di chuyén tiép dén hét hang dé
kiém tra xem c6 con bit z = 1 nita hay khong. S6 lugng transaction duoc danh déu
1a 1 xudt hién & vector bit ndy sé 1a do ho tro cia tap {e,f} ndy. Qua hinh v& c6 thé

tay do hd tro cua {e,f} =5 > minsup. Vay {e,f} 1a tap phd bién.

— e el e e AT [ [T 11 1]

0 1 1 (k1)

Vo

b
0
Pled Sl et Cle— [T 1101 [T [1]1 ]

0 0 0 0 1 (1£1,1) 0

Voo !

o
(=l

+—— =
+—| =

da

-«—

— e Pled el dle[oTa oo [T [T 1 | le
0 0 0 0 ({e.f],1) 0 0
L e N R R e B M A e L S

=
=

(le.£},0)

T T - T T

«—JojifofJofJrfiJrjifj—alelblilcleldlglele]fle

|

Hinh 3.12. Lan di chuyén thir 3 ctia mang Systolic [4]

[

Dua trén quy luat mang Systolic, sau khi hoan tat dong thir 3 caa mang Systolic,

z bit cua bo xir ly d, e va f sé tuong ng 1a 0, 1 va 1.
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Gia tri z hang nay chuan bj dau vao cho tap phan tir ké tiép s& 1a phan tir ¢ (cef).
Vong lap bén ngoai (while) dam bao quét tit ca tap phan tir trong mdi dong cua
mang Systolic.

Qua trinh dugc ldp di lap lai cho dén khi bit “z” dugc di chuyén dén vi tri
2™ — 1 thi thuat toan duoc két thuc. Viéc thuc hién song song qua trinh xur 1y trén
mang systolic vira gitip khong gy triung lap dir lidu va ting tdc do khai thac 1én rat
nhiéu.

Nhin vao hinh trén, ta thdy rang sau tién trinh dau, bit “1” bén trai ciia mang
khong thay d6i. Vi chi c6 log**! (cho mdi k) bit bén phai cia k dugc sir dung vi
vay mot counter dugc su dung dé ngung sy dich chuyén sau khi két thuc di chuyén

vao bd xur 1y bén trai 1a “1” ctia mang Systolic.
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CHUONG 4. XAY DUNG CHUONG TRINH THU

NGHIEM
4.1. Moi truomg cai dat

Thir nghiém thuat toan khai thac tip phd bién dwa trén mang Systolic (SABMA)
duoc tién hanh trén co sé so sanh thoi gian thuc hién so véi thuat toan song song
FP-Growth.

Thuét toan duoc cai dat trén may tinh xach tay c6 cau hinh bo vi xir Iy (CPU)
Intel core i5 3210M — 2.50GHz, Ram DDRIII 8.0GB, 6 ctmg SSD 480GB, card d6
hoa (VGA) Nvidia-Gefore 650GT 2GB. Cac thuat toan duoc cai dit bang ngdn ngir
C# trén moi truong .Net 4.5 va st dung hé diéu hanh Windows 8.1, 64-bit.

Céac thuat toan duoc tién hanh trén cac CSDL giao dich dugc téng hop tor UCI

Machine Learning Repositary (https:/archive.ics.uci.edu/ml/datasets.html) gom

Accident, Chess, Connect. Dudi day 1a bang tom tat cac dic diém ctia CSDL dugc
su dung:

Bang 4.1. Co s¢ dit liéu thir nghiém

So lwgng giao S6 luwome muc
Tap dir liéu Kich thuée dich rong my
. (items)
(Transactions)
Accident 33.8Mb 340183 468
Chess 0.35Mb 3196 75
Connect 8.82Mb 67557 129

4.2. Két qua ciia thuit toan

Chuong trinh thir nghiém cé thé thuc hién song song dong thoi trén nhiéu nhan
cua CPU va GPU. Tung bd xtr li trong mang Systolic dugc dua vao cac nhan cua
may tinh dong thoi va lién tuc dugc duyét qua mang theo cac diéu kién duge mo ta
¢ chuong 3.

Trong chuong trinh thtr nghiém, thuat todan SABMA dugc cai dat dé chay trén
GPU, sb lwong nhan xir Iy song song cua mdy tinh dwgc sir dung dé thir nghiém 1a

384 bo vi xir Iy trén GPU. Nho vio cau triic ciia mang Systolic, thuat toan c6 kha
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nang khai thac trén GPU xir 1y dong thoi trén nhiéu nhan. O ciu hinh may tinh dugc
st dung dé thuc nghiém, s6 ludng xtr 1y song song trong truong hop nay co6 thé 1én
dén t6i da 184 input dau vao dong thoi. Trong khi do6, thuat toan Eclat va FP-
Growth vi khong c6 cau triic dang mang systolic nén khong thé tan dung dugce sirc
manh cta GPU da ludng dé khai thac.

Thuat toan SABMA c6 thoi gian thyc hién ngén hon so véi thuat toan FP-
Growth va Eclat. Vo1 viée tan dung dugc tdi da phén cung trong vi¢c xu 1y song
song trén bd vi xtr Iy (CPU) hodc card dd hoa (GPU) thuat toan giup tiét kiém dugc
chi phi thiét ké hé théng song song dé khai thac dit liéu. Gidi han cta thuat toan phu
thudc vao sd luong nhan xtr 1y trén may tinh. V&i ciu hinh may cang manh thi thoi
gian xir Iy trén moi may ctia thuat toan SABMA cang nhanh.

Céc hinh & duéi thé hién thoi gian thyc hién ctua thuat toan SABMA, Eclat va
FP-Growth trén cac CSDL Accident, Chess, Connect véi cac do phd bién tdi thiéu
khac nhau. Thoi gian thuc hién dugc tinh tir khi céc thuat todn nhan tham s6 dau
vao dén khi nhan dugc két qua. Cac biéu dd cho théy thoi gian thuc thi cia thuat

toAn SABMA nhanh hon thuat todn FP-Growth va Eclat.
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4.3. Nhan xét

Ca 3 thuat toan déu cho két qua dau ra 13 tat ca cac tip phd bién voi do chinh
xac 100%. Vi kich thudc khong gidng nhau cia cac CSDL duge sir dung dé thir
nghiém nén chuong trinh khong xac dinh do phd bién tbi thiéu bang mot gia tri
chinh x4c. Thay vao d6, d6 phd bién duoc xac dinh bang ti 18 phan tram s lugng
giao dich.

Vi thuat todn dugc thuc thi theo phuong phap vét can (tim két qua bang cach
xem xét tit ca cac phuong phap c6 thé) nén sb phuong an can kiém tra qua 16n. Uu
diém cua phuong phap nay 13 luén bao dam tim ra két qua chinh xac va doi hoi it bo
nhd. Tuy nhién, ddi voi cac CSDL cang 16n thi thoi gian thuc thi cta thuit toan
cang dai. Pé giam thoi gian thuc thi thuat toan, trong chuong trinh thir nghiém da
tién hanh kiém tra mot s diéu kién dung dé t6i wu hoa cho thuit toan nhu kiém tra
dir liéu dau vao trong khi duyét qua mang Systolic néu y < minSup thi di liéu d6 1a

khong pho bién.
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KET LUAN VA HUONG PHAT TRIEN

Két ludn
Luén van di dat dugc mot s6 két qua cu thé nhu sau:

e Luan vin da trinh bay tong quan vé KTDL dé phat hién tri thirc, muc tiéu,
qua trinh, cac phuong phap khai thac dir liéu. Trinh bay cic (ng dung, kho
khan va thach thac trong viéc KTDL.

e Tim hiéu vé c4c van dé trong khai thac tap pho bién dé tim luat két hop.
Trinh bay phan tich, danh gia chi tiét vé khai niém, wu, nhugc diém mot s6
thuat toan khai thac tap pho bién da duogc phét trién.

e Duya trén cac phén tich, danh gia vé uu, nhuoc diém cua céac thuat toan khai
thac song song tap phd bién, luan vin da nghién ctu vé mot phuong phap
khai thac song song tap pho bién chi st dung mot may tinh thay vi khai
thac song song trén hé thong I6n nham téi uu hoa kha ning st dung phan
ctng trong khai thac tap phd bién. Thuat toan khai thac song song tap phé
bién dua trén mang Systolic da duoc tim hiéu, trinh bay va thir nghiém trén
cac CSDL giao dich.

e Xay dung va cai dit chuong trinh thir nghiém khai thac song song tap pho
bién dua trén thuat toan song song SABMA dé ung dung cho bai toan khai
thac tap phd bién. Ngoai ra, luan van con cai dat thém thuat toan FP-
Growth, Eclat dé so sanh d6i chiéu. Két qua cho thay, thuat toan SABMA
hiéu qua hon vé mit thoi gian thuc thi thuat toan. Pé dat duoc hiéu qua
nhu vay, thuat toan SABMA di tan dung duoc kha niang cua phan cing
may tinh dé thuc hién khai thac song song tap phd bién trén céac vi xu ly
trong ciing mot may tinh. Tuy nhién néu dir liéu dau vao qua Ion thi thoi

gian thyc thi thuat toan ciing ting 18n rat cao.
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Huwéng phat trién
Vi két qua nghién ctru cua ludn vin, trong twong lai em sé tiép tuc nghién ciru
sau hon dé tim cach cai tién cua thuat toan nay. Vi thudt toan st dung vectorbit dé
tim tap pho bién, huéng nghién ctru dé cai tién s& ap dung vectorbit dong dé nén cac
CSDL thua. V& mit chuong trinh thuc nghiém khai thac trén GPU, hién tai chi co
thé chay trén cac may tinh c6 card d6 hoa do Nvidia san xuat. Hudng phat trién ciia
chuong trinh 1 s& tim cach dé c6 thé khai thac trén nhiéu loai card man hinh khac

nhau.
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