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HIGH-PERFORMANCE ALGORITHM IN MINING GENERATORS
OF CLOSED FREQUENT ITEMSETS

Phan Thanh Huén
Pai hoc Quéc gia Tp. Ho Chi Minh; huanphan@hcmussh.edu.vn

Tom tat - Trong khai thac div liéu, khai thac luat két hop 1a mét
trong nhitng ky thuat quan trong va dwoc nghién clru nhiéu. Dac
biét la k§ thuat khai thac luat két hgp chinh xac va khéng du thira,
mot sb tac gia da dé xuét khai thac luat két hop nay ti tap sinh cla
tap dong phé bién trén dir liéu giao dich.Trong bai viét nay, ching
toi d& xuat gidi thuat song song MCP-GCFI khai thac nhanh tap
sinh cta tap déng phd bién trén bo xr ly da nhan. Giai thuat dé
xuét d& dang mé rong trén nhiéu hé thdng tinh toan phan tan nhw
Hadoop, Spark. Két qua thuc nghiém trén bd di liéu thwc c6 mat
do day ctia UCI va bo di¥ liéu gia lap co mat do thwa cla trung tam
nghién ctru IBM Almaden, cho thay giai thuat d& xuét hiéu qua.

Tir khéa - B6 xt ly da nhan; tap déng phd bién; tap sinh cla tap
dong; giai thuat song song MCP-GCFI

1. Gi6i thiéu

Nam 1993, R. Agrawal da dé xuat mo hinh co ban khai
thac luat két hop tir dir liéu giao dich dang nhi phan theo hai
giai doan [1, 2]: Phét sinh tip pho bién (Frequent Itemset -
FI) va sinh ludt két hop tir tap phd bién. Khi do, sb luong
itemset pho bién duoc sinh ra |4 rat 16n va chiém rat nhiéu
thoi gian. Nhiu téc gid c6 dé xuét giai thudt sinh dp dong
phé bién (Closed Frequent Itemset - CF1) [3-5], day 1a tap
khong du thira va c6 kich thuéc nhoé hon FI rat nhidu lan
(CFICFI). Tuy nhién, dé sinh cac ludt két hop chinh xdc ciing
nhu khéng due thiva, nhiéu tac gia c6 dé xuét khai thac tap luat
két hop tir tap sinh cua tdp dong phd bién (Minimal/
Generator Closed Frequent Itemset— mGCFI/GCFI) [6-10]
nhu giai thuat GrGrowth [6], Zart [8] va DefMe [9, 10].
Cac giai thudt trén tra Apriori, tim kiém theo chiéu sau va
dung ciu trac FP-Tree, 1T-Tree — c4c giai thuat nay tn
nhiéu bé nhd/ doc dit liéu nhidu 1an va khong hidu qua trén
cac loai dir liéu giao dich c6 mat d6 day hoac thura.

Trong nghién ciru, tac gia dé xuét giai thuat khai thac
song song tdp sinh. Giai thuat d xuat theo hudng tiép can
song song dit liéu va ca chuc nang, dudi day la cac giai
thuat lién quan trong bai viét:

- Phét sinh mang IndexCOOC luu trir items xudt hién
dong thoi VA items xudt hién trong it nhdtmét giao dichvéi
tung item-Ags-nhan;

- Duya trén IndexCOOC phét sinh nLOOCTree;

- Giai thuat tudn tw SEQ-GCFI khai thac tdp sinh cua
tap dong phd bién dua trén cdy nLOOCTree;

- Giai thuat song song MCP-GCFI khai thac nhanh «ip
sinh trén bg xu 1y da nhan (BXLDN).

Trong nghién ciru ny tc gia trinh bay: C4c van dé co ban
vé tap phd bién, tap dong pho bién va tdp sinh cua tap dong
phd bién; Giai thuat xay dung méang chira itemset dong xuat
hién va xuét hién v6i item-Agz-nhan it nhét trong mot giao dich,
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giai thudt sinh cdy nLOOCTTree va giai thudt tuan tu SEQ-
GCFI khai thac tdp sinh; Trén co s giai thudt tudn ty xay
dung giai thuat song song MCP-GCF I khai thac hiéu nang cua
b xtr ly da nhén; Va cudi cung la két qua thyuce nghiém, cling
nhu hudng phat trién cho cac nghién ctru tiép theo.

2. VAn dé co ban vé tap phd bién

Cho I = {iy, iz...., im} 12 tAp gdm m thudc tinh, mdi thude
tinh dugc goi 1a item. Tép cac itemX ={iy, iz...., i}, Vije |
(1<j <k) dugc goi 1a itemset, itemset gdm c6 k item thi
dugc ky hiéu la k-itemset. D 1a dir liéu chira cc giao dich,
gom c0 n ban ghi dir liéu dugc goi 1a tp chira cac giao dich
T = {ty, t2..., tn}, v&i giao dich tx ={ix1, ix2,..., ikm}, i€ |
(I<ki<m).

Dinh nghia 1: Cho itemset X < | S(A),llIQ’I’lg cac giao dich
trong D c6 chtra X duoc goi la do pho bién (support) cua
itemset X. Ky hiéu, sup(X).

Pinh nghia 2: Cho itemset X 1, néu sup(X)=minsup
thi X duoc goi la itemset phé bién (mlnsup ngudng phd
bién tbi thiéu cho trudc).

Pinh nghia 3: Cho XeFI, X goi la itemset phd bién
dong néu X khong c6 tap cha cung d6 pho bién. Ky hiéu,
CFI la tp chua cac itemset pho bién dong.

Dinh nghia 4: Cho XeCFI, tat ca cac itemset con thuc
su ctia X €6 bang do phoé bién vdi X goi la itemset sinh cua
X. Ky hiéu, GCFI Ia tap chira cac itemset sinh.

Cho tap dix liéu giao dich D nhu trong Bang 1.

Bidng 1. Dir liéu D sur dung cho Vi du

Items
TID
(@) Q R S Y) V W Z
t1 1 1 1
2 1 1 1 1
3 1 1 1 1 1
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t4 1 1 Gidi thudt 1. Tao dung mdng IndexCOOC
t5 Péu vao: Tap dit liéu D.
t6 1 1 1 Piu ra: IndexCOOC, Ma tran BiM
7 |1 1 1 1. Véi timg phan tir k ciia IndexCOOC:
t8 1 1 1 1 2. IndexCOOC[K].item= ik
t9 1 1 1 1 3. IndexCOOCIK].sup =0
t10 1 1 1 1 4, IndexCOOC]K].cooc= 2" - 1
Dit ligu ¢ Bang 1, gom 8 items 1 ={O; Q; R; S; U; V; W; 5 IndexCOOC[k].looc=0
Z} vaco 10 giao dich T = {t1; t2; t3; t4; t5; t6; t7; t8; t9; t10}. 6. Voiting glao_dmh ti thuc hién:
Bdng 2. Sinh tdp CFI va GCFI trén D vdi minsup = 3 7. Luutivao BIM
- - ~ 8. Vi timg item k c6 trong ti thuc hién:
k-itemset | Tap CFI (#CFI=6) | Tap GCFI (#GCFI=13) o IndexCOOCIK].cooc&=vectorbit(t)
1 U V.W,0,R 10. IndexCOOCIK].looc |=vectorbit(t;)
2 OR VO, VR, WO, WR,WU, | 11,  IndexCOOC[K].sup + +
UoO, UR . .
! 12. Mang IndexCOOC dugc sap xép ting theo sup
3 VOR, WOR, UOR WUO, WUR 13. Vi timg phén tir k cia IndexCOOC:
4 WUOR 14.  IndexCOOC[K].cooc= lexcooc(ix)
Bang 2, liét ké theo k-itemset cta tip CFl va GCFl ¢ 15, IndexCOOCK].looc= lexiooc(ii)
ngudng minsup = 3. SO phan tir trong cac tap lan luot 16. Tra ve IndexCOOC, BiM

ICFI] = 6 va |GCFI| = 13. Ty suat |CFI|/|GCFI| =
6/13x100% =~ 46%.

3. Giai thuat dé xuat
3.1. Tip chiéu va items xudt hién it nhét trén ciing mot
giao dich véi item-hat-nhén cé thir tw [11]

Tap chiéu cua itemic trén dit liéu giao dich D:
z(i)={te D | iket} 1a tap cac giao dich c6 chira item ik.

sup(ix) = |r (i)] 1)

Tap chiéu cua itemset X={iy, iz,..., ik}, Vije | (1 <j <K):
n(X) = {n(i1) Nr(iz)... n(iv)}.

sup(X) = |=(X)| )

Pé rat gon khong gian sinh, tac gia dua ra Dinh nghia
5 va 6 (Px(X) — powerset cia X co k item):

Pinh nghia 5: Cho ixe | (i1< i2 < ... <im) tht tu theo
sup, ta goi ik 13 item-Aat-nhan. Xiexcooc | g0i xudt hién dong
thoi co thir fir vOi ik Xiexcooc 12 tap cdc item c6 thir tu theo
sup, xuat hién dong thoi v6i ik nghia 1a
T ( ik) =T ( ikUXIexcooc) y A Xlexcooc € PZl(X|eXCOOC)|
\v |J S Xlexcooc, ik < |J K}" hiéu, IexCOOC('k) = Xlexcooc.

Pinh nghia 6: Cho ixe | (i1< i2 < ... < im) thi tu theo sup,
ta goi i la item-Ag-nhan. Xiexocc | gOm items c6 thir tr va xué:lt
hién cuing vdi ik trong it nhat mot giao dich, nhung khong xuat
hiél’l dﬁl’lg thoi: lsln(lkUX|ex|ooc)|<|TE(|k)|, vx|ex|ooc€'P21(X|exlgoc),
Vi€ Xiextooe, Ik < Tj. Ky hiéu, lex1ooc(ik) = Xiexiooc.

Trong muc nay, tac gia trinh bay gidi thuét sinh mang
IndexCOOC. Moi phan tir trong mang IndexCOOC cd
4 truong thong tin:

- IndexCOOCIK].item: luu trir item-Agz-nhan i;

- IndexCOOC[K].sup: luu trit d¢ phé bién ciia
item-Aar-nhan iy;

- IndexCOOCIK].cooc: items xuat hién dong thoi cling
véi item-hgi-nhan iy;

- IndexCOOC[K].looc: items xut hién voi item-hat-
nhan ix trong it nhat 1& mét giao dich.

Minh hoa giai thuat 1: thyc hién tir dong 1 dén 11.
Khoi tao du tién cho mang IndexCOOC: (cooc va
looc duwgc minh hoa theo hexa) so item tu dir liéu D da cho
o Bang 1 1am=8.
item| O Q R S U \ W Z
sup| O 0 0 0 0 0 0 0
cooc| OXFF | OXFF | OxFF | OXFF | OxFF | OXFF | OxFF | OXFF
looc| 0x00 | 0x00 | 0x00 | 0x00 | 0x00 | 0x00 | 0x00 | 0x00
Duyét giao dich dau tiénty: {O,R, V} & dang bit twrong
ung la 10100010(0xA2)
item| O Q R S U \Y W Z
sup 1 0 1 0 1 1 0 0
cooc| OxA2 | OxFF | OxA2 | OXFF [ OXA2 | OXA2 | OxFF | OxFF
looc| 0xA2 | 0x00 | OxA2 | 0x00 | 0xA2 | 0xA2 | 0x00 | 0x00
Tuong tu, duyét giao dich cudi cung tio: {0, Q, R, U,
W} ¢ dang bit twong tng la 11101010(0XEA)
item| O Q R S U \Y W Z
sup| 8 2 8 2 7 3 5 1
cooc| OxAO | OXE8 | OxAOD | OxBO | 0x08 | 0xA4 | 0xA2 | 0x09
looc| OXFE | OXEA | OXFE | 0xB6 | OXEF | OXBE | OXFE | 0x09
Dong 12, sap xép IndexCOOC tang dan theo sup cia
tirng item, ta c6 két qua:

item| Z Q S \% W U O R
sup | 1 2 2 3 5 7 8 8
cooc| U [ORU| OR | OR | OR 1% R o
looc| @ W | V,W [S U W|QSUV|0QRVWZIQSUVW|QSUVW

Tir dong 13 dén 15 — cho két qua riit gon & Bang 3.

Bing 3. Mang IndexCOOC ¢ thir tur tdng ddn theo
do phé bién cua item, dong thoi cooc va looc ciing co thir tu

item| Z Q S \% w U O R
sup | 1 2 2 3 5 7 8 8
cooc| U [ O,RRU|O,R|O,R|O,R %) R %)
looc| & W VW (W, Ul U O, R (%) %)
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3.2. Gidi thudt sinh cdy nLOOCTree

Tir IndexCOOC xay dung céc cdy chira cac mau xudt
hién véi item-hat-nhan trong it nhdt mot giao dich. Moi cay
c6 nit goc 1a item-Agt-nhan va cég nat con la items xuat
hién voi item-hat-nhan trong it nhat trong mét giao dich.
MOoi niit ¢6 2 truong thong tin:

- nLOOCTree[K].item: luu trit item xudt hién it nhat
véi item-hgt-nhan (ntt goc);

- nLOOCTree[K].sup: luu trir d6 phd bién cua item
xuat hién véi item-Agz-nhan.

Gidi thudt 2: Tao sinh nLOOCTree

Piu vao: D, IndexCOOC

Piu ra: cac nLOOCTree

Véi timng phan tir k cia IndexCOOC:
nLOOCTree[k].item = IndexCOOC[K].item
nLOOCTree[k].sup =IndexCOOCIK].sup

Vi ting ike giao dich tr:

Vi timg ije IndexCOOCIK].looc:

Néu ije nit con ciia gbc nLOOCTree[k] thi
Thém vao gbc NLOOCTree[k] ndt con ij
Nguoc lai

. Thém vao gbc nLOOCTree[k] ntit con ij

10. Céap nhat sup cua ij cia gbc NLOOCTree[K]

11.Tra vé céc nLOOCTree

nL.OOCTree

1t

O titem hotnhdn

O : méu item xudt hién it nhit trong mdt giao dich véiitem hat nhin

©ENO O A ®WNE

Z<Q=<S<V<W«<U=<O=<R

Hinh 1. Cac nLOOCTree theo IndexCOOC ¢ Bdng 3

Mbi nLOOCTree c6 cac dic trung sau day:

- Chiéu cao twong g cla cdy bé hon hoac bang sb
lwong cac item xuat hién voi item-hat-nh@n trong it nhat
mot giao dich (items c6 thir tw theo sup).

- Mot duong di don (single-path) la itemset c6 thir tyr tir
nat goc dén nat 14 va sup cta itemset chinh 1a sup cua nit
14 (ik—)ik+1—)... %i[).

- Phan doan cta duong di don (sub-single-path) la tur
nit goc di den nat con tly Yy trong mot duong di don la
itemset thr tu va sup cua itemset d6 la sup cua niit con nam
& cuoi cua phan doan.

3.3. Gidi thudt tudn tw khai thdc tgp sinh SEQ-GCFI

Giai thuat SEQ-GCFI (SEQuential-Generators Closed
Frequent Itemsets): Khai thac tuén tu #Gp sinh dua trén cy
NLOOCTree chira items cung xudt hién vdi item-hat-nhan
trong it nhat 1a mét giao dich.

Trong muc nay, tac gia trinh bay cac bd dé dung dé loai
bo nhiing item-Agt-nhan khdng co itemset sinh cua itemset
pho bién dong.

B dé 1: V ik < ij, ijelexlooc(ix):sup(ikui;)<sup(ix).

Chitng minh: sup(ikv i) <sup(ix), theo (1) va (2)
n(iku ij) = Tl',(ik) f\n(ij) Cn(ik)l.

B6 dé 2: Vike I, sup(ik) = minsup, néu
lexlooc(ix) = Xiexiooc VA SUp(ikUXsup) < minsup thi
{ikUXsub} ¢GCFlI, V Xsube le(xlexlooc)-

Chirng minh: Dya vao bd dé 1, sup(ikUxXsu) <sup(i) =
minsup, nén {ikXsun} 2 GCFI, VXsupe P21(Xiexiooc)m.

B6 dé 3: Vike |, sup(ix) > minsup va lexcooc(ix) = Xexcooc
thi {ikuXsun} € GCFI, V Xsuve Pa(Xiexcooc), A=[Xiexcood|-

Chitng minh: Dya vao bo @& 1, sup(Y) <sup({iku
PaXiexcoor)}): V' Y D {iku P=a(Xiexcooc)}. Khi  do,
{ikw P=r(Xiexcooc)} € CF1 va (2) thi sup({ik P=a(Xiexcooc)})
= sup({iku Xsub}), YV Xsub € ?<A(X|excooc)l.

Tinh chit 1: Vieel, néu sup(i) > minsup va
lexcooc(ix) = {7} thi ikg GCFI.

Tinh chit 2: (tdp sinh tir cdc item dong xudt hién hodn
toan) V ki< ike I, néu sup(iki) = sup(ik) va
ikelexcooc(ik-1) thi itemsets sinh tir item hat nhdn i1,
V{ik1UX} e GCFI dugc sinh thém bang cach thay boi item
hat nhan i, V{ikuX}eGCFI.

Giai thuat khai thac tdp sinh cia tdp dong phé bién
GCFI tir cay nLOOCTree(ik=IndexCOOCIK]):

Gidi thugt 3: Sinh tap GCFI
Piu vao: IndexCOOC, minsup
Pau ra: Tap sinh GCFI
Véi mdi sup(ik)> minsup
Néu (ik.cooc={@V// tinh chdt 1

GCFI[K]=U{ikuP<«.(ik.cooc)}

Néu (sup(ix)>minsup)A(ik.looc£{@})/Ibé dé 2
nLOOCTree(ik)

SSP« GenPath(ik)//sinh sub-sp

Véi mdi sspje SSP

Néu (sup(sspj) = minsup) A (sup(ssp;\{ic}) >minsup)
GCFI [K] = U{(sspi\{ic})}
10. GCFI [K] = U{(sspi{ic})U P<u. (ik.cooc)}Ibé dé 3
11, Néu (sup(ik-1) =sup(ik)A(ik-1€ik.cooc)
12.  GCFI[K]=Replace(GCFI[K-1], ix)//tinh chdt 2
13. Tra vé tap sinh GCFI

© o N gk wDdhE

_Thi dyl: Cho D dugc md td & Bang 1 v6i minsup = 3.
Két thtc giai thuat 1, cho ta mang IndexCOOC dugc trinh
bay ¢ Bang 3.

Xét dong 1-2: tap item {V, W, U, O, R} la item sinh
theo tinh chat 1;

Xay dung cac cdy nLOOCTree cho cac item cin khai
pha: V, W, U, OvaR;

Xét itemV, lexcooc(V) = {O, R} sinh tap GCFlv; =
{(V, 3), (VO, 3), (VR, 3)} (dong 3) va sup(V) = minsup,
nén khéng sinh GCFI tr NLOOCTree(V) (dong 4).

Xét itemW, lexcooc(W) = {O, R} sinh tdp GCFlw] =
{W, 5), (WO, 5), (WR, 5)} (dong 3) xem cay
nLOOCTree(W): c6 duong di don {W—-U} voi
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sup(WU) = 3 >minsup. Vi vay, GCFlw = u{(WU, 3),
(WUO, 3), (WUR, 3)} (dong 4 dén 10).

Xét itemU, lexcooc(U) = {&} nén GCFl = {J}, xem
cdy nLOOCTree(U): c6 mét duong di don {U—->O—>R}
vé6i sup(UOR) = 5 >minsup. Vi vay, GCFlu = {(UO, 5),
(UR, 5)}.

Xét itemO, lexcooc(0) = {R} sinh tdp GCFlio) = {(O,
8)} (dong 3) va lexlooc(O) = {<}, nén khong sinh GCFI
tir NLOOCTree(O) (dong 4).

Xét itemR, dong xuat hién hoan toan véi itemO:
GCFlIr; = {(R, 8)} (dong 11).

Tép sinh GCFI tir dir liéu D ¢ Bang 1 v6i minsup = 3:

Bing 4. Tap sinh GCFI trén D voi minsup = 3

item Téap sinh GCFI (#GCFI = 13)
\% Vv, 3) (VO, 3) (VR, 3)
W (W, 5) (WO, 5) (WR, 5)
(WU, 3) (WUO, 3) (WUR, 3)
U (UO, 5) (UR, 5)
O (O, 8)
R (R, 8)

4. Giai thuat song song MCP-GCFI

Ngay nay, nhiéu méy tinh c4 nhan va may tram c6 trén
hai nhan cho phép nhiéu ludng xir 1y dugc thuc hién dong
thoi - didu nay lam cho may tinh ¢6 duoc tbe d6 xur Iy nhanh
va kha nang da nhiém tdt hon. Dé tan dung hi¢u nang cia
BXLDN, can phan phdi xtr Iy dong thoi trén nhiéu nhan
cho nhiéu pha/ bai toan dé tiét kiém thoi gian va nang cao
hi€u nang.

Téac gia xay dung giai thuit song song MCP-GCFI
(Multi Core Processor — Generators of Closed Frequent
Itemsets) khai thac tdp sinh trén BXLDN duya trén giai thuét
tuan tw SEQ-GCFI.

Giai thuat tuan ty SEQ-GCFI, gom 2 pha chinh:

Pha 1: X4y dung mang IndexCOOC;

Pha 2: Giai thuat 3 khai thac #dp sinh tr mang
IndexCOOC.

Bude thir nhdt, song song héa Pha 1 theo so @6 Hinh 2.

Thi an 1

Index_COOC =
Index_COOC,®
Index_COOC:...
Index_COOC, ®
Index_COOC,

Hinh 2. So d6 song song héa Pha 1

Hinh 2, phan chia dit liéu D thanh c tap dit liéu con Dy,
Do, ..., Dc1, D¢ ing véi ting nhan Cj thyc hién giai thuat 1
v6i dau vao 1a dir liéu Djva dau ra 1a mang IndexCOOC;
twong tmg. P& tinh mang IndexCOOC cho D, thuc hién
phép tinh:

IndexCOOC=IndexCOOC:1®IndexCOOC,®... (3)

Sau d6, mang IndexCOOC duoc xép ting theo sup va
chuan hoéa theo dong 13, 14 va 15 cuia giai thuat 1.

Thi du 2: Gia sir D dugc chia thanh 2 tap - D1 gdm ¢6

{t1, 12, t3, t4, t5} va D, Ia {t6, t7, 8, t9, t10}.

Dy chay giai thuat 1 trén nhan C;
IndexCOOQC;:

J/ minsup ;

va tra vé

L5 | sEQeCT> ¢

SEQ-GCFI-» C;

SEQ-GCFI- C,.

Hinh 3. So d6 song song héa Pha 2

Hinh 3, phan chia mang IndexCOOC tir i; dén im thanh
¢ phan tmg véi timg nhan Cj thyc hién giai thuat SEQ-
GCFI véi dau vao 1a mang IndexCOOC tir phan tir thir
[(j-1)*(m div c)+1] dén phan tir thir [j*(m div ¢)] va déu ra
1a tap sinh GCFIj twong ting. Tép sinh cho tép dir li€u giao
dich D, ta thyc hién theo phuong trinh:

GCFlp = GCFIyUGCFl»...u GCFl. 4)

Thi du 3: Cho D dwoc mé ta & Bang 1, minsup = 3. Két
thdc song song hoa Pha 1, c6 nhu Béang 3.

Song song hoa Pha 2: Nhan Ci chay gidi thuét SEQ-
GCFI tir itemV dén U khai thac itemset sinh GCFl;:

1ADDM LD DDALIDD

Sugw ey gy g

ugp % m ALl DOOTU

(2407 upu 2 oo ¢

GCFlipv Vv, 3) (VO, 3) (VR, 3)
(W, 5) (WO, 5) (WR, 5)
GCFlyw
(WU, 3) (WUO, 3) (WUR, 3)
GCFly (UO, 5) (UR, 5)

Nhan C, chay giai thuat SEQ-GCFI tir itemO dén R
khai thac itemset sinh GCFl,:
GCFlz[0; (0, 8)
GCFlzr) (R, 8)
Tap sinh GCFI trén D véi minsup = 3 dugc tinh
GCFlp = GCFI3UGCFly, ta c6 két qua nhu Bang 4.

5. Két qua thue nghiém

Gidi thudt dé xuét dugc thuc nghiém cai dat trén may
tinh cau hinh: CPU Core Duo 2.0 GHz, b nh¢ 4GB; ngdn
nglr 1ap trinh C#(VS 2010).

Gidi thudt dugc thuc nghiém trén 2 nhom dir liéu:

- Dit liéu thu thap thue té véi mat do day: 2 tap Chess
va Mushroom tir kho luu trir UCI.

- Dir li¢u chay gia 1ap voi mat d6 thua: 2 tap dir li€u gia
1ap T1014D100K va T40110D100K tir trung tAm Almaden
cua IBM.

Bdng 5. Dit liéu thuc nghiém

- S0 | Séitem | Sbitem S6 item
item | nhé-nhat | lén-nhat | trung-binh
Chess 75 37 37 37
Mushroom 119 23 23 23
T1014D100K 870 1 29 10
T40110D100K | 942 4 77 40

Trong nghién ciru, tac gia dé xuat giai thuat khai thac
song song tdp sinh. Pay la nghién ctru d¢ xuat theo hudng



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE BAI HOC BA NANG, SO VOL. 18, NO. 5.2, 2020 59

tiép can song song, nén chua co giai thuat co ciing hudng
tiép can nham danh gia hi¢u nang giai thuat. Vi vay, tac gia
dé xuat danh gia hiéu nang giai thuat song song nhu sau:
So sanh giai thuat tudn ty SEQ-GCFI véi giai thuét
GrGrowth [6] va giai thuat Zart [8]. Sau do, so sanh hi¢u
sudt cia giai thuat song song MCP-GCFI véi giai thuat
tuan ty SEQ-GCFI. Trong thyc nghiém, tac gia tién hanh
danh gia theo timg ngudng tdi thiéu minsup va tat ca 4 giai
thuat trén déu cho két qua nhu nhau.
Hiéu suét chay giai thudt song song trén BXLDN:

S

Trong do:

- Ts: thoi gian thyc hién tuan tu;

- Tm: thoi gian thyc hién song song trén BXLDN;

- ¢: 56 lwong nhén ciia CPU (s6 core).

Phuong trinh (5): Danh gia hiéu ‘suét giai thuat song
song MCP-GCFI so véi giai thuat tuan ty SEQ-GCFI.

Chess

100.000.000
~ 10.000.000 ¥~
=)
= 1.000.000
E 100.000 \ = Zart
E ' e == GrGrowth
=T i)
= 10.000 ~§ | ——SEQ-GCFI
= 1.000 R ——MCP-GCFI

100
Minsup (%)

Hinh 4. Thoi gian thuc hién khai thac GCFI trén Chess
Hinh 4 - két qua duoc thuc nghiém tir tap dir liéu thuc
Chess mat d¢ day dic (49,3%) cho thay, giai thuat tuan tu
SEQ-GCFI nhanh hon giai thuat GrGrowth, Zart va giai
thuat MCP-GCFI c6 thoi gian chay nhanh hon giai thuat
SEQ-GCFI. Hiéu suét trung binh cua giai thuat MCP-
GCFI 12 76,1% va d6 1éch chudn 1,8%.

Mushroom

100:000 \‘\‘\
2 10.000
E 1.000 Zart
'é ’ ——GrGrowth
o0
= M —==SEQ-GCFI
S 100 7 st MCP-GCFI

10
Minsup (%)

Hinh 5. Thoi gian thuc hién khai thac GCFI trén Mushroom
Hinh 5 - két qua duoc thuc nghiém tur tdp dit liéu thuc
Mushroom mat d¢ day (19,3%) cho thdy, giai thuét tuan
tw SEQ-GCFI nhanh hon giai thuit GrGrowth, Zart va
giai thuat MCP-GCFI c¢6 thoi gian chay nhanh hon giai
thuat SEQ-GCFI. Hiéu suét trung binh cua giai thuat
MCP-GCFI la 74,3% va d6 1éch 1,5%.

T1014D100K

100.000.000

10.000.000 ‘-\\
1.000.000

=
«
-Ekl \
£ 100000 — 7ot
a 10.000 \ —8=GrGrowth
E] ——SEQ-GCFI
z 1.000 | L

—+—=MCP-GCFI

100 7

10
0.4 0.5 0,6 0,7 0,8

Minsup (%)

Hinh 6. Thoi gian thuc hién khai thac GCFI trén T1014D100K

Hinh 6 - két qua duoc thuc nghiém tir tap dir lidu gia
lap T1014D100K mat do rat thua (1,1%) cho thay, giai
thuat tuan ty SEQ-GCFI nhanh hon giai thuat GrGrowth,
Zart va giai thuat MCP-GCFI c6 thoi gian chay nhanh
hon giai thuat tuan ty SEQ-GCFI. Hi¢u suit trung binh
cua MCP-GCFI 1a 80,1% va d6 1éch 1,4%.

T40I110D100K

10.000.000
1.000.000 \

3 N

P

% 100.000
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Hinh 7. Thoi gian thuc hién khai thac GCFI trén T40110D100K

Hinh 7 - két qua dugc thuc nghiém tur tap dir liéu gia
1ap T40110D100K mat do thua (4,2%) cho thay, giai thuat
tuan ty SEQ-GCFI nhanh hon giai thuat GrGrowth, Zart
va giai thuat chay trén BXLDN la MCP-GCFI ¢6 thoi gian
chay nhanh hon giai thuat tuan ty SEQ-GCFI. Hiéu suét
trung binh cta giai thuat MCP-GCFI 1a 81,5% va d6 1éch
chuén 1,6%.

Qua thyc nghiém cho thiy, giai thuat khai thc song
song tap sinh MCP-GCFI trén BXLDN tbt hon rat nhiéu
so voi giai thuat GrGrowth, Zart. Giai thuat MCP-GCFI
can duogc thuc nghiém mo rong trén cac dir li¢u giao dich
c6 kich ¢& 16n va so sanh thém véi cac giai thuat chay trén
hé thdng phan tan nhu Hadoop, Spark.

6. Két luan

Bai viét da trinh bay giai thuat tudn ty SEQ-GCFI khai
thac tdp sinh ciia tdp déng phé bién gdbm ba budc: Pau tién
Ia phat sinh nhanh cdu tric mang IndexCOOC ¢6 chira
items xudt hién dong thoi v6i item-har-nhan va items xut
hién it nhat véi item-has-nhan trong mot giao dich; Budc
2: X&y dung nLOOCTree dua vao mang IndexCOOC;
Buée 3: Khai thac nhanh tdp sinh cia tdp déng phé bién
dya trén cdy nLOOCTree. Tur giai thuat tudn tw SEQ-
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GCFl, tac gia md rong va song song hoa thuc hién trén
BXLDN goi la giai thuat MCP-GCFI. Hi¢u suét trung
binh khi song song hoa trén 4 tap dir liéu thuc nghiém la
78% va 6 léch chuan 3,3%.

Trong cac nghién ctru tiép theo, tac gia huéng dén viée
mo rong giai thuat MCP-GCFI dé khai thac nhanh tdp sinh
trén hé théng dién thoai thong minh da 161 c6 tai nguyén
han ché, cling nhu thyc nghiém mao rong trén hé théng phan
tan phd bién hién nay nhu Hadoop, Spark.
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