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Abstract. Itemsets share has been proposed to evaluate the significance of itemsets for mining
association rules in databases. The Fast Share Measure (FSM) algorithm is one of the best algorithms
to discover all share-frequent itemsets efficiently. However, FSM is fast only when dealing with small
datasets. In this paper, we shall propose a revised version of FSM, called the Advanced FSM (AFSM)
algorithm. AFSM prune the candidates more efficiently than FSM and therefore can improve the

performance significantly.

Tém tat. Khai pha tap muc thuomg xuyén c6 phan cao (Share-Frequent Itemset) 1 mot mé rong
cta bai todn khai phd tap muc thudng xuyén, da duoc céc tic gid dé xuat véi muc dich dénh gid ¥
nghia cia cdc tdp muc trong khai pha luat két hgp. Thuét todn FSM ( Fast Share Measure) 1a mot
trong cdc thuat toin tot dé khai phd hiéu qud cdc tap muc thuong xuyén cd phan cao. Trong bdo
cdo ndy, ching toi dé xuit mot cai tién cda thuat todn FSM. Viéc cdi tién dugc thuc hién thong qua
mot chién lwoc tia hiéu qud hon cdc tap muc &ng vién, nhd dé gidm bét dwoc thoi gian thuwce hién
thuat toan khai pha.

1. MO PAU

Bai todn co ban (hay con goi la bai toan nhi phan) khai phé luat két hgp do Agrawal,
T.Imielinski va A. N. Swami dé xuat va nghién ciru lan dau tién vao nam 1993 [4], muc tiéu
ctia bai todn la phat hién cdc tap muc thuomg xuyén, tir dé tao cdc luat két hop. Trong mo
hinh ctia bai todn nhi phan nay, gié tri ciia moi muc dir liéu trong mot giao tac 1a 0 hoac 1.
Bai todn co ban khai pha luat két hop ¢6 nhiéu trng dung, tuy vay do tap muc thuwdng xuyén
chi mang ngtr nghia théng ké nén né chi dap tng dwroc phan ndo nhu cau ing dung thuc tién.

Nham khic phuc han ché ciia bai todn co ban khai phd ludt két hop, nhiéu nha nghién
ctru da md rong bai todn theo nhiéu hudéng khdc nhau. Nam 1997, Hilderman va cdc cong su
da de xudt bai todn khai pha tap muc thwomng xuyén c6 phan cao [7]. Trong mé hinh khai
phé tap muc thwong xuyén c6 phan cao, gid tri ciia muc dit liéu trong giao téc la mot so, s6
dé c6 thé 1a s6 nguyén (nhw s6 lrgng da ban cia mat hang) hodc sd thye (nhw s6 tien lai
dugce khi ban mat hang d6). C6 phan (hay déng gép) clia mot tap muc la s6 do ty 1é déng
g6p clia tap muc trong co s& dir liéu. Khai phé tap muc ¢6 phan cao la kham phé tat ca cic
tap muc c6 ¢6 phan khéng nhd hon nguwdng quy dinh bdi ngudi sir dung.

Trong bai todn co ban, cac thuat todn kham phé dwoc xay dung theo phuwrong phép tim
kiém tirng bude. Co s& cla cac thuat todn 1a tinh chat Apriori ciia tap muc thuong xuyén
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(hay con goi 1a tinh chdt phan don diéu - Anti monotone). Trong mo6 hinh khai pha tap muc
¢6 phan cao, tinh chit nay khong con ding nira. Vi vay viéc rit gon khong gian tim kiém
khong thé thire hién dwge nhw d6i véi khai phé tap muc thuong xuyén. Trong [5-11], céc
tac gid da dé nghi mot s6 thuat toan kham phé tap muc thiwrong xuyén ¢ phan cao nhir cic
thuat toan ZP, ZSP, SIP, FSM,.... Thuat toan FSM [6] 1a4 mot thuat todn nhanh cho phép
kham phé tat cd cdc tdp muc thuomg xuyén cd phan cao. Thuét tia ma thuat todn nay ap
dung c6 kha nang thu gon phan ndo tap muc tng vién, tuy vay cé nhirng nhwroc diém nén
hiéu qua khong cao.

Bai bdo nay trinh bay mot thuat todn hiéu qud kham pha tat ci céc tap muc thuong
xuyén ¢4 phan cao trong co s& dir liu 16m: thuat toan AFSM. Thuét toan AFSM dwoc xay
dung diyra trén y tudng cia thuat toan FSM, nhung viéc tia cdc tap muc ng vién dugce thue
hién thong qua mot ham t&éi han méi hiéu qua hon. Thuat toan AFSM con hiéu qua hon
thuat todn FSM nho cdi tién viéc két noi va tia cdc tdp muc tng vién. Noi dung tiép theo
clia bai bdo gom: Phan 2 néu mot s6 dinh nghia, thuit ngir va phéat biéu bai todn khai phé
tap muc thwong xuyén ¢6 phan cao. Phan 3 tém tat noi dung va néu nhitng nhwoc diém cia
thuat todn FSM. Phan 4 trinh bay thuat todn méi AFSM. Phan 5 ddnh gid thuat todn va két
luan dua trén viéc phan tich thuat todn va cdc thir nghiém.

2. BAI TOAN KHAI PHA TAP MUC THUONG XUYEN CO PHAN CAO

Trude hét ta néu dinh nghia cia mot s6 thuat ngir ([6]).

Cho tap cédc muc (item) I = {iy, 2, ...,in}. Mot giao tac (transaction) 7' la mot tap con
cia I, T C I. Co s& dir liéu 1a mot tap cdc giao téc DB = {11, Ty, ..., T),}. Moi giao téc
dwroc gdn mot dinh danh TID. Mot tap muc con X C T, gobm k muc phan biét dwoc goi 1a
mot k - tap muc. Giao tdc T goi la chita tap muc X néu X C T.

Ta ky hiéu mo(i,, T,) 1a gid tri cia muc i, trong giao tac T,. Tong gid tri cdc muc trong
giao tac Ty goi la gid tri cua giao téc, ky hiéu la tmu (1), tic la tmo(T,) = X, e, mv(ip, Ty).
Tong cac gié tri cia cdc muc dit liéu trong co s& dir lieu DB ky hiéu 1a Tmw,

Tmv = Z va(iP,Tq).

T,€DBip€eT,

Twong tw, v6i co s& dir liéu con db € DB, Tmwv(db) = Yr,capXi,er,mv(ip, Ty).
Vi du, cho co s& dir lieu Bang 2.1, ¢c6 mo(D,T01) = 1, mv(C,T03) = 3, tmv(T01) = 6,
tmo(T03) = 10, Tmu(DB) = 47.

Bdng 2.1. Co s& dir liéu vi du
1

TID| A|B|C|D|E|F|G|H]|tmv
TO1 | 1 111 111 6
TO2 | 4 3 112 10
TO3 | 4 3 10
T04 41112 2 9
TO5 | 3 | 1 2 6
TO06 312 |1 6
imv 1219 10|16 |4 (4|1 ]| 1] 47
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Ky hiéu dbx la tap cac giao tac chira tap muc X, tic dbx = {T,/X C T,, T, € DB}.
Dinh nghia 2.1. Cho giao tac T, chita tap muc X. Gia tri cia tap muc X tai T, ky hiéu
imv(X, T,), latong gid tri ctia cdc muc i, trong T, thude X, imv(X, T,) = Z mo(ip, Ty).

X€eT,, ipeX
Dinh nghia 2.2. Cho tap muc X, dby la tap cdc giao tac chira X. Gid tri cua tap muc X,
ky hiéu Imv(X), Ia tong gia tri cia tap muc X tai cdc giao tc trong dby, tirc i

Imv(X) = Z imvu(X,T,) = Z va(iP,Tq).

qudbx qudbx ip€X

Dinh nghia 2.3. C6 phan (déng goép) cia tap muc X, ky hiéu 1a SH(X) 1a ti s6 gitra gid tri
Imv(X)
Tmv
SH(X) cho biét trong tong gid tri cla tat cd cdc muc trong co s& dir lieu thi gid tri clia
tap X chiém bao nhiéu phan tram. Vi du, véi CSDL céc giao tac béan hang, SH(X) = 25%
tire 14 trong s6 lwong hang da ban duogc thi s6 lwgng cdc mat hang trong X chiém 25%.

clia tap muc X va tong gid tri clia tdt cd cdc muc trong co sd dit lieu, tirc 1a SH(X)

Dinh nghia 2.4. Cho ngudong c6 phan minShare s% va tap muc X, X dwoc goi la tap muc
thiromg xuyén ¢ phan cao néu SH(X) > minShare.

Vi du, xét co s& dir liéu cdc giao tac cho trong Bang 2.1 va minShare = 30%. Bang 2.2
cho gid tri clia cdc muc va gié tri 6 phan cla ching.

Bdng 2.2. Gi tri va ¢6 phan ctia cdc muc trong CSDL trén Bang 2.1
Muc dir lieu | {A} | {B} | {C} | {D} | {E} | {F} | {G} | {H} | Tong s6
Imu(iy) 12 9 10 6 1| 4 1 1 17
SH(ip) 25,5% | 19,1% | 21,3% | 12,8% | 8,5% | 8,5% | 2,1% | 2,1% 100%
Xét X = {B,C, D}, gié tri cia tap muc X la

Imu(X) = imo(X,T01) + imo(X, T04) + imv(X,T06) =3+ 7+ 6 = 16.

SH(X) = lmv(X)/Tmv= 16/47 = 0.340 > 30%.

Do d6, X = {B,C, D} la tap muc thuomg xuyén c6 phan cao. Tap tit cd cic tap muc
thuomg xuyén cd phan cao cia co s& di liéu Bang 2.1 dwoc cho trong Bang 2.3.

Bdng 2.3. Céc tap muc thwong xuyén ¢6 phan cao cia CSDL Bang 2.1

Tap muc thuong xuyén
¢6 phan cao {A,C} | {B,D} | {A,C,E} | {B,C,D}
Imv(X) 16 15 18 16
SH(X) 34,0% | 31,9% 38,3% 34,0%

Dinh nghia 2.5. Cho CSDL giao tdc DB va rang budc c6 phan minShare, bai todn khai
phé tdp muc thurdomg xuyén cd phan cao la viée tim tap F tat ca cdc tap muc thuomng xuyén
¢6 phan cao, tirc 1a tap F = {X/X C I, SH(X) > minShare}.

C6 thé coi bai toan khai pha tdp muc thurong xuyén la trirong hop dac biét cia bai toan
khai pha tap muc thuomg xuyén c6 phan cao. Tinh chat co ban dwgc khai thac dé xay
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dung céc thuat todn khai phé tap muc thuong xuyén 1a tinh chdt Apriori. Tinh chit nay
c6 thé phat bieu nhuwr sau. Néu mot tdp muc 1 thurong xuyén thi moi tap con khac rong
cla né cing la thuwong xuyén. Piéu nay c6 nghia céc (k + 1)-tap muc thuomng xuyén chi ¢6
thé duoc sinh ra tir cdc k-tdp muc thuomg xuyén. Dé thay, tinh chit nay khong con ding
véi rang buoc ¢6 phan. Vi du, xét CDSL Bang 2.1, Imv({B, C, D}) = 16, Ilmv({B, D}) =
15, Imv({B,C}) = 12, SH({B,C, D}) = 16/47 = 34%, SH({B,D}) = 15/47 = 31,9%,
SH({B,C}) = 12/47 = 25,5%, titc 1a {B, C, D} la tap thuomg xuyén c¢6 phan cao, tap con
cla né {B, D} 1a tap thwong xuyén c¢6 phan cao nhung tap con khéc { B, C} lai khong phai.

Do d6 khéong thé 4p dung céc thi phép loi dung tinh chat Apriori vao viéc khai phé tap
muc thuomg xuyén ¢6 phan cao. Pa cé nhiéu cong trinh nghién ctru cdc thudt todn tim tap
muc thwong xuyén cd phan cao. Cac téc gid da dé xuat mot so thuat todn nhw thuat todn
ZP, ZSP, SIP,... [5-11]. Yu-Chiang Li va cong s da gidi thiéu thuat toan FSM (Fast Share
Measure) [6], day 1& mot thuat toan hiéu qua tim tdt cd cdc tap muc thudomg xuyén c6 phan
cao. Thay vi khai théc tinh chat Apriori, thuat toan FSM str dung mot s6 tinh chat cia tap
muc thirong xuyén c6 phan cao dé rit gon s6 céc tap muc ng vién. Phan tiép theo dudi
day trinh bay ndi dung co ban cia thuat todn FSM nay cting mot s6 nhan xét.

3. THUAT TOAN FSM

Co s& 1y thuyét cia thuat todn FSM 1a ménh dé sau day ([6]).
Ky hiéu:

min _Imv = minShare x Tmuv;

ML 1a @ dai cure dai cua cée giao téc trong co s dir lieu,
ML = max{|T,|/T, € DB};

MYV 1a gid tri cue dai cia tat cad cdc muc trong co s& dir liéu,
MV = max{mu(i,, T,) /i, € Ty NT, € DB};

Ménh dé 3.1. Cho minShare va k-tap muc X khong la tap thuong zuyén cé phan cao. Néu

X
Imu(X) + % X MV x (ML — k) < min _lmv
thi tat cd cdc tap cha cia X khong la tap thwong suyén cé phan cao.
Pit
l X
CF(X) = lmv(X) + %) x MV x (ML — k)

CF(X) dugc goi 1a ham t&i han. Ménh dé trén ddm bdo rang, néu X khong phai 1a tap
thiromg xuyén ¢6 phan cao va CF(X) < min Imwv thi khong c¢6 tap cha nao cia X la tap
thuomg xuyén cd phan cao. Thuat todn FSM dira vao tinh chat nay dé tia cdc tdp muc tng
vién.

Thuéat toan FSM

Thuat todn FSM duyét nhiéu lan CSDL, & lan duyét thir k, C lwu tap cdc tap muc tng
vién, RC}, lwu céc tap muc nhan dwoc sau khi kiem tra ham téi han CF, F), chita tap cac
tap muc thiromg xuyén c6 phan cao nhan dwoc. Giong nhir thuat todn Apriori, méi muc don
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14 mot tmg vién. Trong Ian duyét thit nhat, thuat todan duyét CSDL tinh gid tri ctiia moi
muc trong CSDL. Moi tmg vién 1- tap muc X sé bi tia néu CF(X) < min; mv. Trong moi
lan duyét tiép theo, thuat todn noi hai (k — 1)-tap muc tng vién trong RCj_1 néu ching c¢6
(k —2) muc dau giong nhau va nhan duogc k-tap muc (gid str cdc muc cia CSDL da dwgce sap
thit tw). Tat cd k tap con v6i do dai (k— 1) ciia moi k-tap muc trong Cj, 1a phéi thuoe RCy,
néu khong k-tap muc nay sé bi tia. Sau khi Cj dwoc sinh ra, x6a tap RCjk—1. Tiép theo,
thuat toan duyét co s& dit litu dé tim tap muc thuromg xuyén c6 phan cao. V&i moi tap muc
X trong Cj, néu tap muc nay c6 lmwv(X)/Tmw 1ém hon minShare thi X dwgc thém vao F.
Ngwoc lai, néu CF(X) < min JImw thi tap tmg vién X bi loai khdi RCY.
Qu4 trinh trén cit 1ap cho dén khi khong ¢é tap muc img vién nao dwoc sinh ra.

Nhan zét:

Thuat todn FSM str dung ham t&i han CF(X) dé thu gon tap cac tap muc ing vién. Tuy
vay s0 cac tap muc cia tap RCj van con 16m do gid tri ham t6i han CF(X) con cao. Hon
nira thuat todn con mat nhieu thoi gian & bude néi méi cap (k — 1)-tap muc trong RCy—; dé
duoc mot k-tap muc.

Nham khac phuc nhitng han ché cia thuit todn FSM, chiing t6i dé nghi mot thuat toan
méi khai phé tap muc thuomg xuyén cd phan cao trén co s& cai tién thuat toan FSM, goi la
thuat toan AFSM (Advanced FSM).

4. THUAT TOAN AFSM

4.1. Co s& ly thuyét

Pinh nghia 4.1. Cho co s& dur lieu DB va k-tap muc X. Mot tap muc cha c¢& (k+ 1) cua
X trong giao tac T, dwoc ky hiéu bang X**, & d6 X! C T, € DB.

Pinh nghia 4.2. Cho co s& dir lieu DB va k-tap muc X. Tap tat ca céc tap cha ¢ (k+1)
ctia X trong DB duoc ky hiéu bang S(X 1), & d6 Xk € §(X++).

Pinh nghia 4.3. Cho co s& dir lieu DB va k-tap muc X. Tap tat ca céc giao téc chira it nhat
mot X dwge ky higu bing dbg(xs+1y. DO ho trg ciia S(X*1) ky hiéu biang Sup(S(X*H))
va Sup(S(XFH)) = [dbgxsr.
Vi du, trong Bang 2.1, 1ay X = {B, C, D} ta c6:

Xk11a {A,B,C, D}, {B,C,D,G}, {B,C,D,H},va {B,C, D, F}.

S(X*h = {{A,B,C,D}, {B,C,D,G}, {B,C,D,H},{B,C,D, F}}.

dbg(xr+1y = {T01, T4}, Sup(S(X*1)) = 2.

Véi X = {B,C, D, F} thi dbgxr+1) = 0, Sup(S(X*1)) =0.
lmv(X) k+1 k+1
_— > > > .

> Sup(X) > Sup(S(X*)) > Xkﬂrélg&kﬂ)Sup(S(X )

Pinh 1y 4.1. Cho co so dw liéu DB va k-tap muc X. Ta co:

Dé dang nhan thay

Tm'l)(dbs(xk+1)) S lmv(X) + |dbS(Xk+1)|MV(ML — k)

Chitng minh:
Véi moi giao tdc T, € DB chira X ta co:
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tmu(Ty) = Z mo(ip, Ty)

tpeTy
= (i, T+ > moliy, Ty) < imo(X, Ty) + MV(ML - k).
ip€X tp€T\ X
Do dé:
Tmo(dbgxry) = Y. tmo(T)< > [imo(X,Ty) + MV(ML - k)
qudbS(Xk+l) TQEdbS(Xk+1)
< Y imu(X,Ty) + |dbgxry | MV(ML — k) =
qudbx
lmv(X) + |dbS(Xk+1)|MV(ML — k)
ta o S (X, T) < Y imo(X,T) vi dbgxrny C dbx

qudbS(XkJ"l) qudbx
| |
Dinh 1y 4.2. Cho ngudng minShare va k-tap muc X khong la tap muc thwdong zuyén cé phan
cao. Néu Tmu(dbg(xk+1y) < min_Imuv thi moi tdp cha cia tdp muc X déu khong phdi tdp
muc thwong zuyén cé phan cao.
Chitng minh:

Gid st X' 1a tap muc cha bat ky cia X véi do dai (k+4), trong d6 0 < i < (ML — k).
Vi del Q dbS(XkJrl) nén va(de/) S TmU(dbS(Xk+1)).

Do d6 Imv(X') < Tmu(dbx:) < Tmu(dbgxr+1y). Néu Tmu(dbg xk+1y) < min Imov thi
Imv(X') < min Imv, SH(X') = % < minShare.

Vay X'’ khong la tdp muc thudong xuyén ¢ phan cao. [ ]
Nhan zét 4.1. Tir Dinh 1y 4.2, ¢6 thé st dung Tmuv(dbg(xr+1y) lam ham t6i han cho thuat
todn méi AFSM dé tia cdc tdp muc tng vién. Ky hiéu ham t&i han cia thuat todn FSM va
thuat toan méi AFSM twong ung 1a CFrsa (X) va CFapsy (X). Pinh 1y sau so sanh gid
tri cia 2 ham té1 han nay.

Pinh 1y 4.3. Cho co so dw liéu DB va k-tap muc X. Khi do:

CFarpsm(X) < CFrsu(X).

Chitng minh:
Imvu(X)
k

Ta cé CFAFSM(X) = Tm'l)(dbs(xk+1)), CFFSM(X) = lmv(X) + MV(ML — k)

Theo Dinh ly 4.1 ta cé

Tm'l)(dbs(xk+1)) S lmv(X) + |dbS(Xk+1)|MV(ML — k)
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Vi
1 s nen] = Sup(S(X*+) < Sup(x) < UK

nén ta co:

CFAFSM (X) = Tm'l)(dbs(xk+1)) S lmv(X) + |dbS(Xk+1)|MV(ML — k)

<lImv(X)+ imu(X)

MV (ML — k) = CFpsu (X).

Vay CFarsm (X) < CFpsm (X). u

Nhén zét 4.2. Tir két qua cia Dinh Iy 4.3, ta thay rang thuat todn AFSM sé tia céc tap muc
uing vién nhiéu hon do gid tri cia ham téi han nhd hon, do dé tap RC) dugce sinh ra nhd
hon. Piéu nay lam cho thuat toan AFSM thire hién hiéu qua hon thuat todn FSM.

4.2. Thuat toAn AFSM

Dua trén y twdng cua thuat todn FSM, chiing toi xay dung thuat todn méi AFSM nhw
sau:

- St dung ham t61 han méi CFapsm (X) = Tmu(dbg xr+1)) cho thuat todn AFSM.

- Céi tién budce sinh tap tng vién: Trong thuat todn FSM, qud trinh sinh tap Cy doi hoi
phai két noi cdc cap tap muc trong RCj_1. Thuat todn phai so sénh (k —2) muc dau cua hai
(k — 1)-tap muc trong RCy_1, do d6 do phtrc tap thoi gian dé sinh Cy 1a O(n?*72), & dé n
14 s6 cédc muc. Dé mit gon thoi gian thue hién & bude sinh tap ing vién, ching t6i cai tién
nhwr sau: thay cho viéc ndi hai (k — 1)-tap muc bat ky trong RCj—_1, ching ta két ndi moi tap
(k — 1)-tap muc trong RCk_1 véi mot muc don trong RC; dé sinh ra tap Ck. V6i cdi tién
nay, thoi gian thire hién & buéce sinh tap ng vién gidm xudng la O(n¥).

Gid str cac muc trong co s& dir lieu da duge sap thi tw. Xét (k — 1)-tdp muc tng
vien Xkt = (i) 4o, . i1} va 1-tap muc X! = {i,} € RC;. Néu ip_; < i, thi tap
Xk = {i1,i9, ..y ik—1,74} 12 mOt k-tap muc timg vién thuoc Cy. Tiép dén, & budc tia, thi tuc
& x6a tat cd cic tap muc X* € C*F néu X* chira it nhat mot (k — 1)-tap muc con khong
thuoc RCy_1. Thu tuc ndi va tia nhu sau.

Function Noi(RCk-1, RC})
1. Cy = 0;
2. for each X, = {i1, 42, ...,ix—1} € RCi—1

3. for each i, € RCy
4. if ig—1 < ig then {
5. X = X, U {ig};

Cr = CkU{X};}

Function Tia(Cy)

1. for each X € C},

2. if (c6 mot tap con k — 1 muc cia X khong thuéc RCy—_1) then

3. Cr = Cp\{X}

Tir cdc co s& 1y thuyét da trinh bay, chiing to6i dé nghi thuat toan AFSM nhu sau.
Thuat todn AFSM( )

Input: DB co s& dir liéu giao tac, ngudng c6 phan minShare(s%).
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Output: Tap F gom céc tap muc thuomng xuyén c6 phan cao.

Method:

1.

© 00N oe W

I I R T e e e T e T o T
D e e B Al e

23.

k=1 Fy:=¢, Cy =1
for each T € DB // duyét co s& dw lieu DB
tinh gid tri cdc 1-tap muc trong T'; // tinh Imw(i,) va cho moi
for each i, € Cy
if Imw(i,) > min Imuv then
Fi = F U {i,}
else if CFapsm (ip) < min Imuo then
C1 = C1\{ip}
RCy :=C4
repeat
k=k+1
Oy := Noi(RCy_1, RCY)
if (k > 2) then C), := Tz'a(Ck)
for each T € DB // duyét co s& dw lieu DB
tinh gid tri moi tap tng vién thuoc T
for each X € C},
if Imv(X') > min _mv then

Fp:=F, U {X}
else if CFapsp (X) < min Imw then
Cr = Cp\{X}
RCL = C},
until C = ¢

return F' = UF},

Vi du, cho co s& dir liéu giao tac 1a Bang 2.1, minShare = 30%. Thuat todn AFSM thure
hién viéc phat hién cdc tdp muc thudong xuyén ¢6 phan cao nhur sau:

Ta c¢6: Tmv =47, MV =4, ML = 6, min _lmv = minShare x Tmv = 30% x 47 = 14, 1.
Buwéc k=1. Thuc hién dong lénh 1 cho két qud Fy = ¢, C1 = {A,B,C,D,E,F,G,H}.
Thure hién dong lénh 2-3 ta tinh dwoc Imw cia cdc muc dir litu. Bang 4.1 sau biéu dién céc
két qud tinh todn sau.

Bdng 4.1. Céc gia tri Imv va ham t&i han véi k=1
A B (@ D E|F | G|H
Imw 12 9 10 6 41411 1
CFapsy | 32 27 41 27 |20 119 | 6 6
CFrsy | 252 | 189 | 210 | 126 | 84 | 84 | 21 | 21

Vi céc gid tri imv déu nhé hon min _Imv = 14, 1 nén khong ¢6 muc nao la ¢6 phan cao.

dbg((ay2) = {101,702, T03,T05},
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CFarsm({A}) = Tmu(dbg((ay2)) = tmu(TO01) + tmo(T02) + tmu(T03) + tmu(T05)
=6+ 10+ 10+ 6 = 32 > min Imu,

do @6 A khong bi tia khoi Cy. Lam twong tw ta ¢6 G va H bi tia. Thuc hién cdc lénh
tir 4-8 ta nhan dwgc Fy = ¢, Cy = {A,B,C,D, E,F}. Dong lénh 9 cho két qua RC, =
(A, B,C,D,E,F}.
Budéc k=2. Dong lénh 12 noi RC; véi RCY ta dwoc 15 tap muc do dai k = 2. Dong 1énh 13
thue hién thid tuc tia nhung khong tia dwoc tap muc nao.

Thue hién céc 1énh 14-20 cho két qua la Béng 4.2 sau.

Bdng 4.2. Céc gia tri Imv va ham téi han véi k=2

AB | AC| AD | AE | AF | BC | BD | BE | BF | CD | CE | CF | DE | DF | EF

Imv 6 16 7 12 6 12 15 0 6 8 9 8 0 4 3
CFAFSM | 12 26 12 20 10 21 15 0 9 21 20 19 0 10 10
CFFSM 54 | 144 | 63 | 108 | 54 | 108 | 135 0 54 | 72 | 81 72 0 36 | 27

Tir bang trén ta c6: By = {AC, BD}, Cs = {AC, AE, BC, BD,CD, CE, CF}.
Dong lénh 21 cho ta RCy = {AC, AE, BC,BD,CD,CE,CF}.
Lap tiép v4i k = 3, dong 1énh 12 thie hién néi RCy véi RCy ta duoc:

Cs = {ACD, ACE, ACF, AEF, BCD, BCE, BCF, BDE, BDF,CDE,CDF,CEF}.

Dong lénh 13 thuwre hién tia: AC'D bi tia vi ¢ tap con AD khong thuoe RCo. Xét twong
tu ¢6 10 tap muc bi tia khdi Cs va ta dwoc Cs := tia(Cs) = {ACE, BCD}.
Thuc hién duyét co s& dir liéu va tinh todn ta dwoc két qua 1a Bang 4.3 sau.

Bang 4.3. Céc gia tri Imv va ham t&i han véi k=3
ACE | BCD
lmv 18 16
CFAFSM 10 15
CFFSM 90 80

Fy = {ACE,BCD}, Cy = {ACE, BCD}, RCs = {ACE, BCD}.

Lap tiép véi k = 4: n6i RC3 véi RCy ta dwge Cy = {ACEF, BCDE, BCDF}. Céc tap
muc nay déu bi tia vi ¢6 tap con khong thudée RC5, do A6 Cy = tia(Cy) = ¢, thuat todn dirng.

Két qua thuat todn tim dwoc tap cdc tap muc thuomg xuyeén cd phan cao F = F{UF,UF3 =
{AC, BD, ACE, BCD).
Chii 4f: céc Bang 4.1, 4.2 va 4.3 tinh ca gid tri ham téi han cia thuat toan FSM dé so sanh.
Ta thay gid tri cia CFrgy 16m hon gid tri cia CFapgy rat nhiéu, khi & = 1 thuat toan
FSM khong tia G va H, lap v6i k = 2, thuat todn F.ISM chi tia 2 tap muc BE va DE, trong
khi d6 thuat toan Apgys tia 8 tap muc.

Két qud thuc hién cia thuat todn dwoc minh hoa & Hinh 4.1 sau.
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Hinh 4.1. Hinh minh hoa khong gian tim kiém tap muc thuomg xuyén c6 phan cao
theo thuat toan AFSM

5. PANH GIA THUAT TOAN VA KET LUAN

Chiing to6i da tién hanh thir nghiém thuat todn AFSM trén mot s6 co s& dir lieu giao téc
diroc tao bang phwrong phap tao s6 ngau nhién. Can cit vao cic két qua thir nghiém va phan
tich thuat toan, ching t6i nhan thay AFSM c6 nhitng wu diém sau so véi FSM.

1. Thu gon déng ké khong gian tim kiém nh¢ ham téi han c6 gid tri nhd hon nhiéu gid
tri ham tGi han cia thuat todn F'SM. Diéu nay lam cho thuat todn thu gon ngay khong gian
tim kiém tir an lap dau, tir A6 dnh hudng dén cdc lan 1ap sau lam cho tap RC) ¢6 kich thuée
nho. Vi du, ddi véi co sd dir liéu trong Bang 2.1, ngay tir dau xét cdc muc don da c6 G va
H bi loai, trong khi d6 theo thuat tia cia FISM thi cdc muc nay khong bi tia. V&i co s& dir
liéu 16m c6 thé hy vong AFSM sé thu gon khong gian tim kiém nhiéu hon.

2. Thuat todn AFSM thay doéi cach ndi va tia khi sinh tap tng vién Cj bang cach ndi
mot tap muc do dai (K — 1) véi mot muc don da gidm thoi gian & bwdce ndi tir O(n?F—2)
xudng con O(n*).

3. S6 Ian duyét co s& dir liéu ctia thuat todn AF'SM so véi thuat todn F'SM 14 nhw nhau.

Véi nhitng wu diém trén day, ching t6i cho rang thuat toan AFSM hiéu qua hon so véi
thuat todn F'SM trong [6].
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