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Bién tap linh vyc diéu phdi phan bién va quyét dinh nhan ding: PGS.TS. L& Hoang Son

Tém tat: Khai thic cic chudi phé bién va cic chudi 1i ich cao c6 mic dd quan trong khic nhau trong céc dng dung
thuc té. Gan day, cdc nghién ctu tap trung giai quyét bai todn tdng quét hon, 1a khai thac tip FHUS chudi phd bién Igi
ich cao. Tuy nhién, thdi gian va bo nhé dung dé khai thac FHUS van con qud 16n. Bai bdo dé xuit khai niém tap FGHUS
cdc chudi sinh phd bién 1¢i ich cao, 12 mot bi€u dién siic tich ctia FHUS, va mot thuat toan méi hiéu qua dé khai thac
né. Dua vao hai chiin trén ctia do do 1di ich, hai chién lugc tia theo chiéu rong va sau dudc thiét ké dé loai bd nhanh céc
chudi it phd bién hoic 1gi ich thip. S& dung mot chin dudi méi ctia 1gi ich, mot chién luge tia dia phuong méi dugc dé
xuét dé€ loai bd sém cac chudi khong 1a chudi sinh phd bién 1gi ich cao. Dua vao cic chién lugc niy, mot thuit todn mdi
FGenHUSM dugc thiét ké d€ khai thic FGHUS ma tinh hiéu qua cta né dugc thé hién qua cic thi nghiém trén céac
co s di liéu 16n.

T khéa: Chudi lgi ich cao, khai thdc chudi sinh phd bién lgi ich cao, chin trén va chéin dudi cia dé do loi ich.

Title: FGenHUSM: An Efficient Algorithm For Mining Frequent Generator High Utility Sequences

Abstract: Mining the set of all frequent high utility sequences (FHUS) in quantitative sequential databases (QSDBs) plays an
important role in many real-life applications. However, for huge QSDBs and low minimum support and utility thresholds,
algorithms for discovering FHUS often exhibit poor performance in terms of runtime and memory consumption due
to the enormous cardinality of the FHUS set. To address this issue, this paper introduces a novel set of all frequent
generator high utility sequences (FGHUS). This set is a concise representation of FHUS having a cardinality that is
often much less than that of FHUS. Thus, it is more convenient for users to analyze the information provided by the
FGHUS set. This paper proposes a novel algorithm named FGenHUSM to efficiently mine FGHUS. The algorithm
adopts the depth and width pruning strategies to quickly eliminate infrequent or low utility sequences. In addition, it
also uses a novel local pruning strategy to prune non-frequent generator high utility sequences early, which is based on
a new lower bound on the utility measure. Experimental results on large QSDBs show that the proposed algorithm is
efficient in terms of runtime for mining FGHUS, and that the pruning strategies can greatly reduce the search space.

Keywords:  High utility sequence, frequent generator high utility sequence, upper and lower bounds on utility measure.

I. GIOI THIEU HUSM tdng quéat hon FSM va c6 nhiéu tng dung nhu
phan tich hanh vi duyét web [1], dit liéu thuong mai di

Khi khai thic tip cdc chudi phd bién (FSM: Frequent  dong [2], hiéu chinh gen [3], v.v. Ta xét mot ing dung dién
Sequence Mining) trén cdc co s dif liéu chudi tudn tu  hinh cia HUSM la phan tich dif liéu mua hang. Xét co s&
(SDB: Sequential Datadase), ta c6 thé ddnh mit nhiéu chudi dit liéu chudi biéu dién cic don mua hang ciia khich hang
1gi ich cao (HU: High Utility) quan trong trong nhiéu ting  trong mot ctia hang ban 18. Khi d6 mot chudi chita cac mit
dung thuc té khi chiing it phd bién. Chéng han, 1gi ich cia  hang dugc mua bdi mot khach hang & cac thdi diém khac
cdc mit hang ban dugc 12 thong tin rit hitu ich khi ra cdc nhau. Chi tiét hon, né 12 mot danh sich c6 thi tu cta cic
quyét dinh trong kinh doanh. Vi viy, bai todn khai thac cdc tdp mat hang, moi tdp mit hang chia cdc mit hang dugc
chudi HU (HUSM: High Utility Sequence Mining) trén cdc mua cung nhau. Ly vi du, ta ¢6 chudi ({kem danh ring,
SDB lugng héa (QSDB: Quantitative SDB) ra doi sau d6  ban chai danh riang}, {banh Kinh d6, pho mai}, {nhang}).
nhu mot nhu cau bic thiét. Chudi mit hang c6 thé dudc mua bdi mot phu nit. Ngudi
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nay mua kem danh rang va ban chai danh rang cung nhau,
sau d6 mua banh Kinh d6 v&i pho mai, cudi cing mua
nhang. Mdi mit hang ¢6 mot gid ban ra. Khi do, ta c6 thé
xac dinh dudc gia tri cia mot tdp cac mat hang dugc mua
cung nhau ciing nhu gia tri cia mot danh sach con cac tap
mit hang trong chudi mua hang ciia mot khach hang nao
d6. Khi khai thac trén mot tap rit 16n cic don mua hang,
ta c6 thé biét dugc cac thong tin nhu: (i) cdc mit hang nao
thuong dugc mua cung nhau, (ii) 1¢i ich dem lai ctia mot
chudi cic tdp mit hang nao d6, v.v. Cic thong tin nay rat
¢6 ich cho viéc ra cic quyét dinh kinh doanh ctia ctia hang.

Cho ¥’ 12 mot QSDB chifa cdc chudi dau vao, trong méi
chubi cé céc su kién, trong mdi su kién cé céc thudc tinh,
mdi thude tinh gan véi mot s6 lugng va mot gia tri 1oi ich.
Do mbi chudi @ c¢6 thé xuat hién & cdc vi tri khdc nhau (véi
cac 1gi ich khac nhau) trong ¥, nén Igi ich cla a trong
W’ ¢6 thé dugc tinh dudi dang tng [4], gid tri 16n nhét
Umax (@) [5, 6] hodc gid tri nhd nhét uy, («) [7, 8] (theo
nghia an toan va it rii ro cho viéc phat trién cac chién lugc
kinh doanh hay ra quyét dinh). Khi d6, loi ich cta « la
tong 1oi ich trén tit ci cic chudi ¥’ chia . Néu Igi ich
clia @ 16n hon hoidc bing mot ngudng 1i ich tbi thidu mu,
né duge goi 1a chudi HU, ngudc lai o dudc goi 1a chudi lgi
ich thap (LU: Low Utility). Muc dich ctia HUSM 1a khai
thic tap chudi 1gi ich cao (HUS) chia cic chudi HU trén
mot QSDB.

Thuén 16i chinh khi giai FSM la tinh ‘a priori’, con goi la
tinh don di€u gidm (anti-monotonic) hay DCP (Downward-
Closure Property), ciia do do hd trg: Moi chudi cha clia
mot chudi it phd bién (LF: Low Frequent) ciing LF [5, 9].
Dic tinh nay cho phép rit gon dang k€ khong gian tim
kiém khi tién hanh khai thic cic chudi 16n dan trén cay
tién t6. Pang tiéc 12 trong HUSM, d6 do Igi ich khong c6
tinh DCP. D€ khic phuc, cc chin trén (UB: Upper Bound)
10i ich dugc thiét ké d€ thu hep pham vi tim kiém.

Chan trén SWU [5] (théa DCP nhung gia tri 16n) va cac
chin trén khéc chit hon (c6 gid tri nhd va gan véi 1¢i ich
hon) 1an lugt dudc thiét ké va sit dung (mic du chi thoa
man cdc tinh chit tta DCP). V6i umay (@), ¢6 thé ké ra SPU
va SRU (2013), PEU va RSU (2016), gan day 1a MEU [6]
va SEU [10]. Vi iy (@), cac tic gia trong [7] da dé xuét
hai chin trén, RBU va LRU, thiét k& hai chién lugc tia theo
chiéu sau (DPS: Depth Pruning Strategy) va rong (WPS:
Width Pruning Strategy), va tich hgp ching vao thudt toan
EHUSM &€ khai thac hiéu qua HUS. Mic dd EHUSM c6
thé khai thic nhanh HUS, luc luong tap két qua thudng rat
16n, viéc quan ly va phan tich chiing giy khé khin dbi véi
ngudi stt dung. Mot tiép can thudng dugc dung trong FSM
la khai thic cic biéu dién sic tich ciia ching, chiang han
nhu céc chudi tbi dai, dong va sinh [11, 12]. Cha y rﬁng,
bing viéc tich hop FSM va HUSM, ta xét bai todn tong quat
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hon, 12 FHUSM: Khai thac tip FHUS cic chudi phd bién
1¢i ich cao (FHU: Frequent High Utility), di véi do do 1gi
ich umin. Theo cach tiép can trén, nhém tac gid trong [13]
da dé xuit cac thuat toan hiéu qua nham khai thac hai biéu
dién stc tich ctia FHUS, bao gdm cac chudi phd bién tbi
dai 10i ich cao (FMaxHU) va tip FCHUS céic chudi phd
bién déng lgi ich cao (FCHU). Tuy nhién, chiéu dai céc
chudi FMaxHU va FCHU thudng kh4 16n. Vi vay, bai bdo
dé xuét mot biéu dién sic tich khic FGHUS cta FHUS.

Trudc day, da xuét hién nhidu cong trinh nham khai thac
céc tap (tip thudc tinh) sinh phd bién c6/khong c6 16i ich
cao [14-16]. Cac chudi (danh sach cé thi tu cac tap thudc
tinh) dong/t6i dai/sinh phd bién ciing da 1a dbi tuong cla
nhiéu nghién ctu gan day [12, 17, 18]. Tap chia cic chudi
sinh phé bién 1gi ich cao (FGHUS) 12 m& rong tu nhién ctia
chudi sinh phd bién truyén théng. Mot chudi FHU dugc goi
1a chudi sinh phd bién lgi ich cao (FGHU) néu khong ton
tai chudi con FHU nao c6 cung dd ho trg.

Vi cédc chudi FGHU c6 chiéu dai thuong bé hon nhiéu
so véi cdc chudi FMaxHU va FCHU, nén chung c6 céac uu
diém sau. Thi nhét, ta c¢6 thé xem né nhu mot biéu dién
nén ctia FHUS. Piéu nay ciing rit phi hgp véi nguyén
ly chiéu dai mo ta bé nhat (MDL: Minimum Description
Length) [19]. Thd hai, né cho dd chinh x4c cao trong cac
nhiém vy chon md hinh (so v6i FHUS hay tap FCHUS).
Ngoai ra, khai thic cdc mu sinh (v6i chiéu dai tbi thiéu)
con 1a mot buSc quan trong trong viéc tim cédc ludt tuan
tu quan trong, chiang han, cdc ludt véi it gia thiét (vé trdi)
nhung din ra nhiéu két luan (vé phai), hodc cac luat khong
du thtia [20]. Khi d6, cdc miu sinh chinh 1a vé trai, vé
phéi ¢6 thé 1a cdc miu déng hodc khong. Do d6, cdc mau
sinh trong FGHUS thudng dudc ua thich hon dbi v6i ngudi
duing khi can phan tich tap két qua, vi s6 lugng va chiéu dai
cua chung kha bé so v6i FHUS. Tap FHUS thutng dudc
stt dung khi luc lugng cta chiing kha bé, chang han khi
ngudng hd trg (ms) va ngudng 1gi ich t6i thi€u (mu) kha
cao. Ngudc lai, khi cdac ngudng nay kha thip va dic biét
trén cdc tap dif liéu 16n, d€ vudt qua khé khin trong viéc sit
dung ciing nhu phén tich tap két qua FHUS véi kich thude
qua 16n, tdp FGHUS sé 1la mot lya chon phu hgp hon véi
ngudi dung.

Muc tiéu clia bai bao nay 1a khai thac tip FGHUS. Dé
khai thac hiéu qua né, do FGHUS C FHUS, nén mot chudi
LU hoic LF sé& khong 1a FGHU. Do dé, tinh chit DCP cia
d6 ho trg va hai chién lugc WPS va DPS dua vao RBU va
LRU [7, 8] c6 thé dugc sit dung d€ tia hiéu qua cdc chudi
LF hoac LU khong nhiing tt FHUS ma ca FGHUS. Tuy
nhién, vi FGHUS khong 1a tap con cta tap tit ca cc chudi
sinh phS bién (FGS), nén ta khong thé dp dung truc tiép
céc diéu kién tia 3E trong [12] d€ loai b cac chudi khong
1a chudi sinh 10i ich cao (GHU).



Bai bdo c6 mot sb dong gép sau diy: (i) dé xuét chin
du6i SF clia upy; (i) dua vao diéu kién tia sém tdng quat
GEP [13] va SF, chién lugc tia dia phuong (LPG) dudc
thiét ké d€ loai bd sém cdc ting vién (va cdc mé rong clia
ching) khong 1a GHU; (iii) tich hgp ba chién luge DPS,
WPS va LPG vao thuat toan FGenHUSM d& khai théc
cdc chudi sinh phé bién 10i ich cao (FGHU); (iv) cdc thi
nghiém trén hai co s& dit lidu 16n, thuc té va téng hop, da
chi ra tinh hiéu qua cia FGenHUSM (so véi thuit toan co
s6 khong 4p dung cic chién ludc tia) vé mit thdi gian chay
va luc luong cia FGHUS thudng rét bé so v6i FHUS. Day
1a thuat toan dau tién khai thac biéu dién sic tich FGHUS
ctia FHUS vé6i do do 16i ich ;.

Phan con lai cta bai bao dudc t6 chic nhu sau. Phan II
trinh bay cac khai niém va két qua co ban. Phan xiy dung
chién lugc tia dia phuong LPG. Phan IV dua ra thuit todn
FGenHUSM va céc két qua thit nghiém. Phan V dua ra
cac két luan cia bai bdo.

Il. CAC KHAI NIEM VA KET QUA CO BAN
1. Pinh nghia bai toan

Muc nay gi6i thiéu vai khdi niém co s lién quan dén
bai toan HUSM V6i upy,, trong [7].

Pinh nghia 1 (7]): Goi A £ {ay,as,...,an} 1a tap
cac thudc tinh phan biét. Mbi thudc tinh a gin lién véi mot
s6 duong P(a) thé hién gid tri 1¢i ich don vi ctia né. Khi do,
ta ¢6 vécto P(A) & (P(ay), P(a), . .., P(ap)). Mot thude
tinh s6 lugng/dinh lugng (g-thudc tinh) 1a mot cip (a, q),
v6i a € A va g € R, 1a mot s6 luong duong. Tap con A
clia A, A C A, dudc goi 1a mot sy kién. Khong mét tong
quat, gia st rang cac thudc tinh trong mot su kién dudgc
sap tang theo thi tu tir dién <. Mot su kién sb luong (g-su
kién) tdng v6i A dugc dinh nghia la

def
A" E {(ai,qi) | ai € A, qi € R}

A dudc goi 1a su kién chiéu ctia A’, ky hiéu 1a A = proj(A”).
Danh sich cdc g-su kién (A}, k =1,2,...,p) ky hiéu la
a’=A} — Al — A}, dugc goi la mdt g-chudi. Chudi
chiéu @ ctia g-chudi o’ dugc dinh nghia 1a

a = proj(a’) def proj(Aj) — proj(A3) — - — proj(A4,,).

Dé thuan tién, ta ky hieu o’ [k] € A/ va a[k] € proj(A}).
Mot g-chudi 1a rdng (<>) néu tit ca cic su kién clia né la
réng. Mot co s& dit liéu chudi lugng héa (QSDB) D’ chia
hitu han cdc g-chudi ddu vao, D’ = {¥},i=1,2,...,N}
va P(A). M&i g-chudi ¥/ gin v6i mot dinh danh (SID) i.
Co s6 dit liu chudi (khong luong héa SDB) D tng véi
P’ duge dinh nghia la

D = proj(D’) def {proj(‘P;),i =1,2,... ,N} .
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Kich thudc clia g-chudi o', ky hiéu 1a size (a’), 1a sb céac
g-su kién (p) cua nd.

Tt day vé sau, ta xét hai g-chudi bit ky o’ = A} —
A, - -+ > A, vap =B — B, > - > B, cung
hai chudi tuong ting @ = A} — Ay — ---
B=B > By— -

Pinh nghia 2 ([7]): Xét hai g-su kién A’ va B’ sau:

— A, va
— By.

A= {ail,CIil), (ai29qi2)s ey (aim,Qim)} s
B ={(aj.q;).(a;,).q},),-...(aj,.q;)},

véim < n. A’ dugc goi la chita trong B’, ky hiéula A’ £ B/,
néu ton tai cac s6 tu nhién 1 < k; < --- < k,,, < n sao cho
ap =ajy, va q;, = 9ji,» véimoi [l =1,2,...,m.

Ngoai ra, ta néi @’ chifa trong ', ky hiéu 1a o’ £ ', néu
p < g vaton tai p s6 nguyénduong, 1 < ji <---<j, <q
sao cho A} C B/, véi moi k = 1,2,...,p. Dong thi,
a’ C B’ tuong duong véi ((¢’ C B') A (o' # ).

Tuong tu, ta ciing dung ky hiéu C d€ dinh nghia quan
hé chifa trong trén tap tit ca cic chudi. Ta néi a C S hoic
B 2 a (B dudc goi 1a chudi cha clia @) néu ton tai p sb
nguyén duong, 1 < j; <--- < j, < g sao cho Ay C Bj,,
v6imoi k =1,2,..., p. Dong thdi, @ C S tuong duong vdi
((@ EB) A (e # ).

Ta ndi B’ chia @, ky hi€u la « C B’ (hay g/ J «, B’
dugc goi 1a g-chudi cha ctia ) néu proj(8’) 2 a.

Goi

p(@) E (W e | ¥ Ja)
1a tap tit ca cic g-chudi dau vao chia a. PO hd trg cia a
dugc dinh nghia 1a s6 céc g-chudi diu vao chia a,

supp(a) € |p(a)|.

Pinh nghia 3 ([7]): Cac lgi ich cla g-thudc tinh (a, q),
‘I‘Sl.l' klén A= (ail > 0]1'1)’ ((1[2, qi2)7 e (aim7 CIim), Q'ChU6i
a’ va QSDB D’ lan ludt dugce dinh nghia 1a

u((a,q)) € P(a) * q,

m

u(a) € ul(ai; q,),
j=1
p

D u(A),
1

u(D’) & > u(w).

YeD’

def
u(a’) =

D& tranh tinh todn Lip lai 16i ich u ctia mdi g-thudc tinh
(a, q) trong céc g-chudi ¥’ ctia 9’, ta tinh chiing mot lan
va thay ¢ bdi u((a, q)) = P(a) * ¢ trong co sé dif liéu. Biéu
dién tuong duong nay ciia QSDB D’ dudc goi la QSDB
tich hgp ctia D’, ciing dudc ky hidu van tit 1a D’. Tir day
vé sau ta chi xét cic QSDB tich hop.



Cic cong trinh nghién cifu phdt trién Céng nghé Thong tin va Truyén thong

Bang I
D’ — MOT QSDB MINH HQA
SID  Chudi
I ¥ =(a,9) — (c,2)(e,20) - (c, 1)(g,50)

— (c,8)(d, 16) — (c,8)(d, 16) (e, 35)(g, 60)
— (a,3)(c,5)(e,2)
2 W), = (c,9)(f,28) — (a,15)(c, 10)
— (d, 16)(g,40)(a, 15)(e,20) — (c,6)(d, 24) (e, 25)
W, = (g,20) — (e,40)(f, 12) — (b,45)(c, 1) — (d, 56)
4 ¥, = (e,40) — (¢, 2)(f,20) — (c,3)

Xét QSDB minh hoa trong Bang I, s€ dugc dung cho céac
vi du trong sudt bai bdo. Chudi @ = e — ce chia trong ¥/,
a C ¥}, vind xult hién trong ;. Lan xudt hién dau tién
clia @ trong ¥ 1a g-chudi con o’ = (e,20) — (c, 8)(e, 35)
cua ¥]. Vay proj(a’) = a vau(a’) = 20+8+35 = 63. Ngoai
ra, do @ C W), nén p(a) = {¥{,¥}} va supp(a) = 2. SDB
D tng v6i D’ la

D={¥ =a—> ce > cg — cdeg — ace,

Y, =cf — ac — dg — ae — cde,
Ys=g > ef - bc—d,
Yy=e—>cf > c}.

Dinh nghia 4 ([7]): Gia st @ C S’. Goi

def

O(a.B') = {a’ | (¢/ C B') A (proj(a”) = a}

12 tap tat ca cdc 1an xuét hién o’ clia @ trong B’. Lgi ich bé
nhit (goi tat 1a 1¢i ich) clia « trong B’ dugc dinh nghia la

sy def . ’ ’ ’
tmin(@, ) = min{u(a’) | @’ € O(a, B)}.
Lgi ich ctia @ trong D’ dugc dinh nghia la

D tmin(a, W),

Y ep(a)

def
Umin ((l) =

Lic d6, a dugc goi la chudi 1gi ich cao (HU) néu
Umin (@) = mu.

Tir nay, ta viét gon ¥ d€ dién ta ring umin(@) = u va
supp(@) = s. Ly do cia viéc si dung upj, cé thé tham
khéo thém trong [7, 8, 13]. LAy vi du, xét @ = ¢ — ce V6i
p(a) = {¥], ¥} va supp(a) = 2. D& thiy rang,

O(a,¥)) = {(e,20) — (c,8)(e,35), (e,20) —
(¢,5)(e,20), (e,35) — (c,5)(e,20)}.

Do do6, umin(a, ‘Pi) = min{63, 45,60} = 45 va tuong tu,
Umin (@, ¥]) = 51. Vi vy, ta c6 a3°.

DPinh nghia 5: Mot chudi HU y duge goi la chudi sinh
1gi ich cao, GHU, néu khong tdn tai chudi con HU cé cung
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dd hé trg v6i né. Tap tit ci cac chudi GHU dudc dinh nghia
va ky hiéu la

def

GHUS = {y € HUS | #y* € HUS :

(y* © ¥) A (supp(y) = supp(y*))}.

Tap céc chudi sinh phd bién Igi ich cao, FGHU, dugc dinh
nghia va ky hiéu la

def

FGHUS = {y € FHUS | #y* € FHUS :

(¥* ©y) A (supp(y) = supp(y*))}.

Khai thac tdp FGHUS la muc tiéu ctua bai bao nay. Vi
du, xét mu = 226 va ms = 2. Véi chudi y = a — g — cde,
ta ¢6 y3°* € FHUS. Hon nita, y la mot chudi FGHU, vi
khong ton tai y* € FHUS sao cho y* C y va supp(y*) =
supp(y). Pay ciing 1a chudi FGHU duy nhét, tifc 1a FGHUS
= {y}. B¢ y ring, luc lugng ciia FGHUS thudng bé hon
rit nhiéu so v6i FHUS, dic biét khi mu va ms bé. Chang
han, v6i mu = 1 va ms = 1, |[FHUS| = 5235, trong khi d6
|[FGHUS| = 105 (khoang 2% cua |FHUS]).

Dinh nghia 6 ([7]): Ta dinh nghia s-mé rong va i-mé
rong cia @ va B lan luct 1a

a’OSﬁdéfAl—>A2—>...—)Ap—>Bl—)Bz—)..._)Bq’

ao,»ﬁdéfAl—>A2—>---—>(ApUB])—>Bz—>---—>Bq,

trong d6 a < b v6i moi a € A, va b € B;. Mot md rong
tién (hay md rong) cta a v6i B, ky hiéu la y = a o 8, 1a
mot i-md rong hodc la s-md rong, tic 1a @ o; B hay a o 5.
Khi d6, a dugc goi 1a mot tién t6 ctia y va B 1a mot hau td
(ddi véi @) clia y. Ngoai ra, néu § 1a tién t6 bé nhét (cda
v v6i ) chifa «, ta ky hiéu 6 13 pref(y, o). Hau t6 8 cia
v (d6i vé6i 6, tic 1a y = § o B) dudc ky hiéu la suf(y, a).
Co s6 dit liéu chiéu (PDB) clia o dudc dinh nghia 14
Dy E (suf (¥, 0)|(¥ € D) A (¥ T a)).

Ta n6i Dp chia trong D, ky hiéu 1a Dg C Dy, néu
p(B) € p(a) va véi moi ¥ € p(B) ta c¢6 suf(P,B) C
suf(¥,@). Khi Dg C D, va D, E Dg, ta néi ring
Dp bing D, va ky hieu Dg = D,. DE thly ring
supp(@) = |Daql.

Vidy v6i @ = e > e C B = e — ce, ta cod
pla) = p(B) = {¥1,¥2}, suf(¥1,0) = _g — ace va
suf (¥,, @) =<>. Do d6, PDB cua a 1a D, = {_g —
ace, <>}. Tuong ty, ta c6 Dg = D,,.

Khong gian tim kiém chudi 10i gidi dudc biéu dién béi
mot ciy tién t6 v6i goc 1a chudi réng, mbi nit biéu dién
mot chudi tng vién, mbi nit con biéu dién mot chudi mé
rong. Ta ky hiéu branch(e) 1a nhanh c6 gbc tai niit biéu
dién a, né chiia & va cic mé rong ctia né. Véi mot tién td
khic rdng @, B=a oy, chubiy = aoeoy ma y 3 B dudc
goi la mot md rong 1ui (BE) cia B béi g, véi y la thude



tinh cubi cia B, ky hiéu la lastltem(B). Chang han, véi
@ = cd thi branch(a) chia cic chudi: cd — &, cde — &
va cdeg — &, v6i moi &, ké cad <>. Cho 8 = ce, céc
chudi cde va ¢ — cg — cde la cic BE cda B. Tuy nhién,
ce — cg — e la BE clia ¢ — e, nhung khong la BE cua .

Thach thic chinh cia HUSM 1a up;, khong don diéu
tang cing khong don diéu giam, tic l1a

AB,a,y,6 : (B2 a) A (yC o)
(Umin (IB) > Umin(@)) A (Umin (7) > Umin (6))

N6i cach khic, upmi, khong thdoa man DCP (tinh chit cla
supp dugc st dung trong FSM). That vy, v6i @ = cd,
B=cdg, vaid=c— c— cd, dé thiy ring 6 J o C S
VA Umin(B) = 84 > umin(@) = 54 > upn(6) = 27. D€
khic phuc, cic chin trén up;, thdoa min cic tinh chét tua
don diéu gidm (c6 thé yéu hon DCP) dugc dé xuit trong
muc tiép theo.

2. Hai chién lugc tia cic chudi LU va LF theo chiéu
sau va chiéu rong

Gia st o’ C ¥, @ = proj(e’) E ¥, v6i ¥’ = B| —
Bé — e B(’[ € D', tic 1a ton tai p sb nguyén, 1 <ij <
ip <:-- <ip <qsaocho A} T B} va Ag =proj(4;) €
proj(Blfk), v6imoi k=1,2,...,p. Chi sb cubi ip dudc goi
1 diém cubi ctia a (hay ') trong ¥’, ky hiéu 1a end(a, ¥’)
(hay end(a’, ¥")). Thudc tinh cubi ctia @ trong Blfp dudc goi
1a thudc tinh cubi tng véi i, ky hiéu la ei,. Khi d6, g-chudi
con lai clia @ trong P’ (ddi véi ip) la phan con lai cia P’
sau e;,, ky hiéu 1a rem(a, ¥',i,). Goi i, € FEnd(a, ¥)
la di€ém cubi diu tién ctia @ trong ¥’. Co s6 dit lidu chiéu
lugng héa (PQDB) D/, clia a chia tit ca cdc chudi con lai
rem(a, W', 73), v6i ¥ € D’. Néu a =<>, ta quy udc i}, <
FEnd(<>,%) € 0, DL € D’ va rem(<>, ¥, i) = V',
V6i mdi diém cudi i, = end(e, V'), ta dinh nghia

u(e, ¥, i) E min{u(a’) | o’ € O(a, W) Aend(a’, W) = ip}.

Chan trén dua vao 1di ich con lai cia up, (@, P’) duge dinh
nghia va ky hiéu:

ubrem(a,¥’) =
enl ) 0

def |u(a, V', 0i%) +u(rem(a, W', 0%)), @ #<>,
@=<>.

Vi du, xét 8 = ¢ — d. Do lan xuét hién dau tién ctia 8
trong ¥} la g-chudi con 8’ = (¢,2) — (d,16) C ¥/, nén

it € FEnd(B, ¥}) = 4,

rem(B, ¥, 1;,) = (e,35)(g,60) — (a,3)(c,5) (e, 20),
u(rem(B,¥1,i,)) = 123,
u(B, 1, i,,) = min{u(B’),u((c,1) — (d,16))} = 17.
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Vi vay
Mbrem(ﬁ, IP’I) = 17 + 123 = 140

Mot do do ub dugc goi 1a mot chin trén clia upyi, néu
Umin(@) < ub(a), véi moi . Ngoai chin trén truyén théng
SWU(a) & Y
chdt hon sau day.

DPinh nghia 7 ([7]): Xét y € A va a khéc rdng. Ta dinh
nghia cac chén trén sau day:

Z ubrem (@, \P,),

Yep(a)
LRU(a ¢ y) &ef Z ubrem(a, ),

W ep(aoy)

LRU(y) £ swu(y).

ep(a) U(P) [5], ta cOn cb céc chin trén

RBU(a) &'

Vé6i hai chan trén ub; va ub,, ub; dugc goi la chat hon
uby, ky hiéu la ub; < ub,, néu ubi(a) < uby(a) véi
moi @. Theo [7, Pinh ly 1], ta ¢6

Umin < RBU <« LRU « SWU .

Vi dy, xét chudi B = ¢ — cd, p(B) = {¥},¥,}. Khi d6
Umin (B, ¥]) =25, umin(B, V) = 39,
FEnd(8,¥]) =4, u(B.'¥],4) =25,

u(rem(B, P71, 4)) = 123.
Vi véy
Umin(B) = min (B, P) + tmin (B, ¥5) = 64,
brem (B, W) = 150, ubsem (B, ¥}) = 64,

RBU(B) = ubrem (B, ¥}) + ubrem (B, '¥5) = 212.
Ngoai ra, v6i @ = ¢ — ¢, ta dé thiy ring B =a o; d va

LRU(B) = UBrem (@, ¥]) + ubrem (a, V)

=200+ 165 = 365,

SWU(B) = u(W)) +u(W}) = 229 +208 = 437.

Vi vay ta c6

umin(B) < RBU(B) < LRU(B) < SWU(B).

D€ loai nhanh céc chudi c6 1¢i ich thip hoic it phd bién,
dua vao [7, Pinh ly 2], ta thiét ké hai chién lugc DPS va
WPS nhiam thu hep hiéu qua khong gian tim kiém. Trudc
hét, ta c6 chién lugc tia theo chiéu sau dya vao RBU, viét
12 DPS(RBU), nhu sau: “Néu RBU(a) < mu thi branch(«)
co thé duoc tia”.

Goi hai tép thudc tinh tng vién cho céc i— va s-md rong
lan luot 1a:

Iiru(@) € {z | (LRU(a o; 2) > mu) A (supp(a o; 2) > ms)},

Stru(@) € {z | (LRU(a oy 2) > mu) A (supp(a o5 2) > ms)}.
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Néu umin (@ o; z) > mu va supp(a o; z) > ms, thi
LRU(a@ 0; z) > tmin(a ©; 2) = mu,
tic 1a z € Iy ry(@). Vi LRU(@ o; y 0; z) < LRU(a ¢; 2),

max{LRU(y) |y € {ao; yos z,@ o5y o z,@ 05y 05 2}}
< LRU(a ¢5 2),

supp(a@oyoz) <supp(aoz), vliaoyozdaoz.

Cho nén ta c6

Iiru(@ ©; y) € Itru(@),
(SLru(@ ©; ¥) U S ru(a@ ©; y)) € Siru(@).

Tir d6, ta c6 chién lugc tia theo chiéu rong dua vao LRU,
viét 12 WPS(LRU), nhu sau: “Néu LRU(a ¢ y) < mu, ta
khong can xét tdt cd cdc md réng tién cia a <y, tiic la
branch(a ¢ y), va cdc md réng lii cua no.

Lay vi du, v6i mu =230 va ms = 2, ta c6 supp(b) < ms
va LRU(b) = 174 < mu. Céc gia tri LRU cua cac thudc
tinh con lai, trong tap chia cac thudc tinh dng vién cho
cac md I'(’:)l’lg, ILRU(<>) = SLRU(<>) = {a,c,d,e, fs g}a
déu 16n hon hay bang mu (chang han LRU(a) = 447). Khi
d6, do WPS(LRU), ta c6 thé loai thudc tinh b khéi D’.

D& minh hoa tic dung tia theo chiéu siu cia RBU, xét
hai gid tri RBU(ac) = 199 va RBU(a — c) = 229 déu bé
hon mu. St dung DPS(RBU), toan by nhanh branch(ac)
va branch(a — c¢) bi tia. D& thdy ring, sit dung supp,
Iiru(a) = {c,e} va Siru(a) = {a,c,d, e, g} (S Siru(<>
)) Vi SLRu(a — C) Cc SLRu(a) va v6i bat ky x € SLRu(a),
RBU(a — ¢ — x) < LRU(a¢ — ¢ — x) =229 < mu hay
supp(a — ¢ = x) =1 < ms, SLru(a — ¢) = @. Do d6, bdi
DPS(RBU), ta chi c6 thé tia nhdnh branch(a — ¢ — x),
v6i moi x € {a,c,d, e, g}.

Tuy nhién, st dung WPS(LRU), ta van c6 thé loai bé tt
ca cac nhanh mé rong lui cua branch(a — ¢ — x), vi du
nhu branch(a — ¢ — g — d), branch(a — ce — cg —
cd) (cta branch(a — ¢ — d)), v.v. That vay, ly do la
Iiru(a — ce — cg — ¢) € Sirula — ce) € Siru(a —
¢) = @. Ngoai ra, méc du chit hon LRU, nhung RBU khong
c6 tac dung tia theo chiéu rong. Néu dung RBU dé€ tia theo
chiéu rong, ta c6 thé tia nhAm mot sb 10i gidi. That vy,
v6i mu = 225 va ms = 2, vi Ixgy(a —> g — ¢ — ¢)(C
Sreu(a@ — g — e) = {c}), nén Irpu(a > g > e > c) =
@. Tuy nhién, a — g — e — ce2*> € FHUS. C6 thé két
luan ring, mic du LRU 16ng hon RBU, tic dung tia ctia
WPS that su manh hon DPS.

Vi vay, DPS va WPS dugc dung d€ tia cac nhanh LU
(va LF) trén cdy tim kiém tién td, c6 hiéu qua vdi cic gia
tri mu cao [7]. Tuy nhién, nhiéu chubi HU c6 thé khong
12 cic chudi sinh HU (non-GHU). Do d6, trong phan tiép
theo, chién lugc LPG tia cic ung vién non-GHU sé dugc dé
xuit. D€ y rang, LPG sé hiéu qua véi cdc gid tri mu thip.
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IIL. CHIEN LUQGC LPG TiA SGM CAC CHUOI
KHONG LA SINH LOI ICH CAO

1. Piéu kién tia sém tdng quat

Trudc hét, chiing t6i nhéc lai hai d6 do SE, SLIP va diéu
kién tia sém tong quat da dudc dung d€ tia cac chudi pho
bién déng va cic chudi phd bién déng c6 10i ich cao [13],
hoic cac chudi sinh phd bién [12].

Dinh nghia 8 ([12]): Téng cic su kién con lai trong mot
PDB D, dugc dinh nghia va ky hiéu la:

2,

YeD:
suf(P,a) €Dy

def

SE(a) = (size(W) — size(pref (¥, @)) + 1).

Véi chudi @, goi ¢ 1a tién tb bé nhit ciia ¥ chifa «,
¥ ¢ p(e). it fi(e,¥) la chi sb (trong ¥) cia su kién
cubi ctia ¢ va lastEvent(e) 1a sy kién cubi cta a. Goi
LP(a@, W) la danh sich cac vi tri thi i khac nhau trong W
ma lastEvent(a) C W[i] va fi(a,¥) <i < size(¥). Khong
mét tong quat, gia st ring céc chi s6 trong LP(a, ¥) dudgc
sap ting. Khi do6,

slip(e, ¥) < | LP(a, ¥)]

1a s céc vi tri xuét hién ctia sy kién cubi cta § trong .
Pinh nghia 9 ([13]): S6 do SLIP ciia PDB D, dudc
dinh nghia va ky hiéu la

SLIP(a) & > slip(a,¥).
Yep(a)

Vidy, xét @ = e — e. Vi D, = {_g — ace, <>}, nén
SE(e) = 3. Ta ¢6 p(a) = {¥,¥>}. Vi su kién cudi e
xuét hién hai 1an trong ¥ tai vi tri thd 4 va thi 5, nén
LP(a,¥,) = {4,5}. Tuong tu, LP(@,¥,) = {5}. Vi vay,
SLIP(a) = 3. Tir SE va SLIP, ta c6 diéu kién tia sém tong
quat (GEP) trong Dinh Iy 1 sau day.

Pinh ly 1 (Piéu kién tia sém tong quat [13]): Xét hai
chudi @ va B théa man « C 8. Khi do:

a) Néu SE(a) = SE(p), thi supp(a) = supp(B) va D, =
D, v6i moi s-md rong y cla @ va A cua B véi cung mot
chudi khdc réng;

b) Néu SE(e) = SE(B8) va SLIP(«) SLIP(B), thi
supp(a) = supp(B) va D, = D, vdi tat cd md rong y
clla @ va A clia 8 v6i cing mot chudi khac rdng.

2. Chién lwge LPG

Dua vao GEP va chidn dudi SF sau diy cla up;y, chién
luge LPG tia sém cic chudi non-GHU dugc dé xuat.

Pinh nghia 10: Cho chudi phd bién «, tic 1a supp(a) >
k, v6i k  ms. Sau khi sdp xép ting din day

U(@) € {tmin(@, W) | ¥’ € p(a)},



ta thu dugc day {u;, 1 <i < n} v6in > k. Chdn dudi SF cla
Umin duge dinh nghia 1a tdng k gid tri bé nhét ctia U(«a),

S

1<i<k

SF(a) &

Pinh ly 2: Ta c6:

(a) SF 1a mot chan dudi cta upyy,, tic 1a SF(a) < upin (@),
véi moi a;

(b) SF la don diéu tang dbi véi cic md rong, tic la
SF(B) > SF(a), v6i moi B=a o6 J a.

Chitng minh: (a) V&i moi a, ta 6 SF(a) = XX | u,

2?:1 Ui = Umin(@).

(b) V6i md rong batky S = aod 2 a, taco p(B) C p(a)
Va Umin(B, V') = umin(@, P’), v6i moi ¥’ € p(B). That vay

’ d f s ’ ’ ’ ’

tnin (B, ') = min{u(B) | B € OB.Y)} = u(By,).
Ja; € O(a,¥'), &, T B, sao cho @ T B/ = a;°¢
gl € OB.W) va u(Bly) = u(@)) +u(sl) 2 u(al) =
min{u(a’) | @’ € O(a,¥')} et Umin (@, ¥’). Sau khi sip
taing U(a) va U(B), ta c6 dugc hai day {u;,1 <i < n},
{u;.,l < j <m} véin>m > k. Khi d6, ton tai cic sd

<

n

nguyén 1 < i; < iy < -+ < iy sao cho u;; < u}, voi
1 <j<m,néntaco
k k k
SF(@) = > ur < Y ui; < ) ufy = SF(B).
i=1 j=1 j=1 m

Vi du, khi xét hai nguéng mu = 85, ms = 2 va mg rong
B=e—eciaa=e, tacép(p)={¥,¥,} Cpla)=2
Umin (@) = 120, umin (B) = 85, va U(a) = {20;20;40;40},
U(B) = {40;45}, nén SF(a) = 20+ 20 = 40 va SF(B) =
40 + 45 = 85. Khi d6, SF(a) < umin(@), SF(B) < umin(8),
va SF(a) < SF(B).

Trén cay tién t6 v6i gbc Root =<>, v6i mbi nit g (1-
thudc tinh), ta ¢6 chudi tuong ing = path(g), trong d6
path(g) 1a chudi diy di thu dudc bing cich duyét tit Root
dén g. Nit g c6 i-md rong va s-mS rong bdi hai thudc
tinh u va v tuong ung, ky hiéu 13, @ o; u va a o5 v. Khi
do, ta gan u.type = i-ext va v.type = s-ext. Ky hi€u tap
chiia @ va tit ca cic mé rong (hay cac s-mé rong, cac i-md
rong) ciing nhu tit ci cdc hiu dué clia cic md rong nay
(hay cac s-md rong va cac i-md rong) 1a branch(a@) (hay
tuong ung la s-child branches(a) va i-child branches(a)).
Néu tit ca cac chudi trong cdc nhanh nay khong 1a chudi
sinh HU, ta ky hiéu chiung 1a non-GHU branch(a) (hay
tuong vung la non-GHU s-child branches(a) va non-GHU
i-child branches(a@)).

Pinh Iy 3 (Chién lwge LPG): Xét g, u, v 1a céc niit ¢6
cling tién t6 va a = path(q) 1a chudi ting véi g.

(a) V6i mdi i-mb 10ng, inew = @ o; u:

(i) Néu SE(a) SE(inew) va SF(a) = mu, thi
non-GHU s-child branches(ipew) c6 thé dudc tia. Hon nifa,
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néu SLIP(@) = SLIP(inew), thi toan bd nhdnh non-GHU
branch(inew) cling dudc tia;

(i) Néu SE(path(u)) = SE(inew) va SF(path(u)) > mu,
thi non-GHU s-child branches(iyey) dudc tia. Ngoai ra, néu

SLIP(path(u)) = SLIP(ipew), thi non-GHU branch(iyew)
dugc tia;

(iii) Néu q.type = s-ext, q.ParentItem = q.Item
(ton tai r € q.Parent.iChildren sao cho rltem =

u.ltem), q.Parent.type = s-ext, SE(path(r)) = SE(ipew) va
SF(path(r)) > mu, thi ta c6 thé tia non-GHU branch(iney)-

(b) V6i mbi s-md 1Ong, spew = @ ©5 v sao cho v.type =
s-ext, néu SE(path(v)) = SE(spew) vd SF(path(v)) > mu,
thi non-GHU branch(spew) c6 thé dudc tia.

Chiing minh: Ta sé& chiing minh a(i). Cac khing dinh
con lai c6 thé dugc chiing minh tuong tu. Gid st ring
SE(a@) = SE(inew) va SF(@) = mu. Vi @ C ipew, V61 moi
s-mé rong y va A cla @ va ipey tuong tng véi cung mot
chudi & (k€ ci chubi rdng), y = @ o5 & vad A = ipey ©5 &,
thi ¥ = A va supp(y) = supp(1), vi do phan (a) ctia dinh
ly 1, v6i & khdc rong, D, = Dy, nén |D,| = |D,|. Hon
nita, néu SLIP(a@) = SLIP(ipey), do phan (b) ctia dinh 1y 1,
ta cling c6 y © A va supp(y) = supp(d), véi bat ky i-
mG 10ng A = ipeyw ¢; € CUA ipew VA i-mG rdng tuong vng
Yy = ao; & clia a v6i cing &. Vi viy, v6i bit ky mé rong

A = lpew © € ClUA ey VA& ¥y = @ ¢ & cla a, ta ludn co
v C A va supp(y) = supp(4). Ngoai ra, do tinh don diéu
ting ctia SF dbi v6i phép toan md rong (phan (b) ctia dinh
ly 2), nén umin(y) > SF(y) > SF(a) > mu, nghia la 3y €
HUS: v C A va supp(y) = supp(1). Vi vdy, 1 ¢ GHUS. 1

Chién lugc LPG cho phép tia sém cic chudi non-GHU
ngay khi chiing vira dugc tao ra trong hai miic lién ké nhau
trén cdy tién td. Ngoai ra, ta khong can kiém tra quan hé
cha con trén cic chudi st dung trong dinh ly 3, chang han,
@ C ipew = @ o; u trong a(i). Do d6, né gitp rit ngin
ddng k€ thoi gian thuc thi cling nhu gidm lugng bo nhé luu
trif trong qua trinh khai thac. Sau day, ta s€ minh hoa cac
truong hgp ap dung cla dinh ly 3.

3. Minh hoa chién lwge LPG

Tru6c hét, ta minh hoa trudng hop a(i) cta dinh ly 3.
Xét hai ngudng mu 85, ms = 2 va a
— a C ipew = @0 e = a — dg — ae. Ta c6
SE (inew) SE(a) 3, SF(a) 174 > mu, va
SLIP(inew) = SLIP(@) = 2. Theo phan a(i) ctia dinh ly 3,
toan bd nhanh non-GHU branch(i,ey) dudc tia.

Bay gio, ta minh hoa trudng hgp a(ii). Pat mu = 75
va ms = 2. Cho truéc haid nit g = a va u = e voi cung
ef

= =a — dg

tien t6 a — d, ta c6 @ = path(q) =a — d — a va
def C o
y = path(u) =a — d — e. Khi d6, ipew =a — d — ae 3

'y’p(inew) = p()’) ={lP1’lP2}- Ta c6 Mmin(inew) =96 > mu
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Thuét toan 1: Thuit todn FGenHUSM

Thuat toan 2: Thu tuc DfSFGHUS

Dt liéu vao: D', ms, mu
Du liéu ra: FGHUS
1 FGHUS « @;
2 S 1« {ieA|(LRU(i) = mu) Asupp(i) = ms)};
3 Loai cdc thudc tinh khong thudc S khoi D’
4 forie S do
s | DfsFGHUS(,S, I, ms, mu);
6 end

va supp(inew) = 2 > ms, Nén ipey 1a chudi FHU. Tuy nhién,
fnew VA C4c s-m& rong clia né khong la cac chudi FGHU.
That vay, ta ¢c6 SF(y) = 78 > mu va SE(inew) = SE(y) = 3.
Tuy nhién, mac du LP(ipew, ¥1) = LP(y,¥;) = 5, nhung
do LP(ipew, P2) 5 # LP(y,¥;) = {4,5}, cho nén
SLIP(inew) = 2 # SLIP(y) = 3. Theo phan a(ii) ctia dinh
ly 3, cac nhanh non-GHU s-child branches(inew) dudc tia.

D& minh hoa trudng hgp (b), xét hai nit g =g vav =e
JREN . A A . def
v6i cung tién t6 a — d, ta ¢6 @ = path(q) = a — dg,
y &ef path(v) = a — d — e va v.type = s-ext. Khi do,
Snew = @ose =a — dg — e 3y, SE(spew) = SE(y) =3 va
SE(y) = 78 > mu. Vi lastEvent(y) = lastEvent(syey) = e,
nén SLIP(spew) = SLIP(y) = 3. Theo phan (b) ctia dinh
ly 3, ta c6 thé tia ngay nhanh non-GHU branch(syey).
Bay gio, dat mu = 65, ms = 2 va xét hai nit ¢ = ¢ va
7, 2,0 ~ X def N
(# =) r = e ing véi cac chudi @ = path(g) =c — ¢ — cva
def PRI X
6 = path(r) = ¢ — ce cd cung chuoi cha parent = ¢ — ¢
va parent.type = q.type = s-ext. Khi do, ta cO ipew = @ ¢;
u=c— c — ce 3, SE(inew) = SE(6) = 3, SF(6) =
66 > mu va SLIP(ipew) = SLIP(8) = 3. Vi vay, theo phan
a(iii) cda dinh 1y 3, toan bo nhanh non-GHU branch(iyew)
c6 thé dugc tia.
D€ y ring, didu kién “SF(a) > mu” 1a can thiét cho viéc
tia. That vay, v6i mu = 99 va ms = 3, hai nit g = ¢ va
R N 2 . def def
v =d cb cung tién t6 <>, ta ¢c6 @ = path(q) = ¢, vy =
path(v) =d va v.type = s-ext, Spew =@ osd=c—>d vy
v6i SE(Spew) = SE(y) = 6 va SLIP(syew) = SLIP(y) = 3.
Do d6, néu dung phan (b) cda dinh Iy 3 ma bd qua phép
kiém tra “SF(y) = 88 > mu = 997, nhanh branch(spey) s&
bi tia nhAm. That viy, spew 12 chudi FGHU, Vi ttyin (Spew) =
99 > mu, supp(snew) = 3 > ms va khong ton tai y* € HUS
ma y* C Spew Va supp(y*) = supp(Spew). Thit viy, v6i moi
¢,d C Spew, Unmin(c) = 10 < upin(d) = 88 < mu.

IV. THUAT TOAN VA THU NGHIEM
1. Thuat toan FGenHUSM

Thuat toan FGenHUSM khai thac tdp FGHUS dudc cho
trong thuat toan 1. Pau vao ctia né 1a QSDB D, hai ngudng
ms va mu; diu ra 1a FGHUS (dé tién trinh bay, ta xem n6
nhu bién toan cuc dbi v6i céc thi tuc va ham con). O céc
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Dt liéu vao: vy, S, I, ms, mu
Du liéu ra: FGHUS
update «— UpdateFGHUS(y, mu);
if update is true then
| return;
end
Snew < Inew < @;
for i € I ma i > lastltem(y) do
if LRU(y o; i) = mu va supp(y ¢; i) > ms then
‘ Tnew < Inew Y {i};
end

[ I N7 OO S I

end

for i € 1,10, ma RBU(y ¢; i) > mu do

Inew <= Y 0il;

LocalPruningGHU (ipew, v, mu);

B « anh em cla y tng vdi i, c6 cung ki€u md rong
véi y;

LocalPruningGHU (ipew, B, mu);

if y.type = s-ext, y.typeOfParent = s-ext,
y.lastltemOfParent = 7y.lastltem va
35 € i- anh em cua y ma 6.lastltem = i then
| LocalPruningGHU (inew, 6, mu);

end

— e
W N =D

end

if y.do-s-ext hodc y.do-ext then

for i € S do

if LRU(y o5 i) = mu va supp(y o5 i) > ms then

23 ‘ Snew < Snew U {i};

end

end

for i € Spey ma RBU(y o5 i) > mu do

Snew <~ ¥ Os i ;

a « anh em cla y dng vdi i va c¢6 kiéu md
rong s-ext;

LocalPruningGHU (spew, @, mu);

end
for i € Sy do
| DfsFGHUS(y o5 i, Snew, Snew, M, mit);
end
se
‘ Snew < S;
end
for i € Iy, do
38 | DfSFGHUS(y 9 i, Snew, Inew, ms, mu);
39 end

€

dong 2 va 3, WPS dua vao LRU va supp dudc st dung. O
dong 5, n6 goi thi tuc DfSFGHUS (Thuit toan 2) tim kiém
céc chudi FGHU. Thi tuc nay nhan vao chudi y, hai tap
thudc tinh S va I chia cac thudc tinh cho cac s- va i-mé
rong tuong dng cua y. Trong thd tuc, tai cic dong 1-3,
ham UpdateFGHUS (Thuit todn 3) kiém tra xem y c6 la
GHU khong va cap nhat FGHUS khi can. Tai cac dong 13,
15, 17, 20 va 29 trong DfsFGHUS va cac dong 4, 7 va 15
trong UpdateFGHUS, chién lugc LPG dudc st dung théng
qua tht tuc LocalPruningGHU (Thuét toan 4).

Tinh ding cla thuit toan dugc bao dam bdi dinh 1y 3
trong bai bdo ndy va dinh 1y 2 trong [7]. Cu thé, viéc ap
dung hai chién lugc tia WPS va DPS nhidm loai nhanh cic



Thuat toan 3: Him UpdateFGHUS
Dir liéu vao: y, mu
Dir liéu ra: true néu y 1a GHU va false trong trudng
hop ngudc lai va cap nhat FGHUS khi cin
if RBU(y) < mu then
| return true;
end
if y.do-ext is false then
| return true;
end
if y.do-s-ext is false then
| return false;
end
if 5, (y) < mu then
| return false;
end
for @ € FGHUS do
if supp(a@) = supp(y) va y 3 a then
LocalPruningGHU(y, a);
if y.do-ext is false then
| return true;
end
return false;
end

E-E-URE B Y I R S
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end

for « € FGHUS do

if supp(a@) = supp(y) va @ O y then
| Loai a ra khoi FGHUS;

end

(] NN
UI.EMND—A

end
FGHUS «— FGHUS U {y};
return false;

NN
® 9 &

Thuit toan 4: Thui tyc LocalPruningGHU

Du liéu vao: cha, con, mu

Dt liéu ra: cha
1 if SF(con) > mu va SE(cha) =
2 cha.do-s-ext «— false;
3 if SLIP(cha) = SLIP(con) then
4 | cha.do-ext — false;
5
6

SE (con) then

end
end

nhéanh chi chia cic chudi c6 1i ich thip hoic it phd bién,
va muc dich ctia chién lude LPG la tia s6m cac nhanh chi
chifa céc chudi khong 1a chudi sinh 16i ich cao. Vi vay, viéc
dung ba chién ludc trén vao thuat toan FGenHUSM khong
lam mét di bt ky chudi sinh phé bién Igi ich cao nao. Chi
y rang, khic véi chién lugc LPC trong [13] nhim tia s6m
cdc chubi khong 1a chudi déng phd bién 1gi ich cao, chién
lugc LPG can st dung thém chin duéi SF ctia d6 do upy.
Viéc dp dung LPG ma khong diing SF c6 thé din dén viéc
tia nhAm mot sé nhanh nhu dugc minh hoa trong muc I11.3.

2. Minh hoa thuéat toan
Trong vi du nay, ching t6i minh hoa qua trinh khai thac

cc chudi sinh phd bién 1¢i ich cao trén QSDB cho trong
Bang II bang thuit toan FGenHUSM v6i mu = 200 va
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Tip 2019, S6 2, Thing 12

Bang II
QSDB D'’ MINH HQA THUAT TOAN FGenHUSM
SID  Chuéi
1 ‘If’1 =(a,2)(c,5)(e,6) = (a,3)(b,6) — (a,5)(d, 50)
— (a,5)(b,9)(c,40) - (a,4)(c,10)(d, 10)(f, 36)
2 ‘P’2 =(b,12) — (a,2)(c,20)(e,6) — (a,3)(d,20)

— (a, 1)(c,20)(d,10)(f,9) — (a,4)(b,9)(c, 15)
5 =1(c,20) = (a,4)(c, 10)(e,4) — (a, ) (f, 18)
4 ¥, = (d,80) — (a,7)(c,50)(e,6) — (a,2)(g,2)
- (a,9)(f,72)

ms = 1. D€ tién trinh bay, vdi chudi «, chiing tdi viét thém
cac gia tri umin, RBU, LRU, supp, SE, SLIP va SF(up;,)
ctia nd & dang a;;';; gggL];ELSIF Ky hiéu (_) ciing dugc dung
dé€ du di mot hoac mot day cac gia tri ké nhau.

Tai dong 2, ta cé

S=7]= {a6,495,607 b15’306’322, 20 ,504, 607
leO 480,550 22 395,607 fl35,163,607 2,83,228}
3;10,3;_ ’ 4 >S4, ’S1;_ :

Trudc hét, d& thdy ring, cic lan goi DfsSFGHUS trén
cdc nhdnh c6 gbc tai f va g sé diing ngay tai dong 3 (vi
RBU(f) = 163 va RBU(g) = 83 < mu nén UpdateFGHUS
tra vé true). N6i cach khéc, hai nhanh tai f va g dudc tia
bﬁng DPS. Cac chudi ung v6i cac nut a, b, ¢, d va e bi
bd qua Vi cdc gid tri uy;, cla ching déu bé hon mu, tuy
nhién, tim kiém trén chiing van dudc tiép tuc. Sau khi két
thic tim kiém trén a, b va c, ta ¢6

FGHUS = {c — f220 ac — a — 32” 218,

ac — ad — ¢ —>ac§00

202

ce > a— f;

ac — ad — cdfzoz,

,c— ad — ac — acgoz,

ce > ad — c— C%oo’

ec > d—c—ac3®, 200},

ace > d — ac — ¢}

c— ad — acdfzm

ce = d — cdf,

ta chi lvu lai cac gia tri upi, (6 trén) va supp (6 dudi).

Bay gio, ta xét qua trinh Khai thac trén nhéanh d, 100,480,350
Sau khi ham UpdateFGHUS tra vé gia tri false, thu'C hién
cac dong 6-10, ta c6 ey (d) = {f}. Cac i-md rOng da, db,
dc va dd bi tia vi a, b, ¢ va d khong 16n hon d. Hai i-mé
rong de va dg bi tia vi de, dg khong xuét hién trong QSDB
PD”. Tuong tu, ta cé Spew(d) = {a,b,c,d, e, f,g}. Khong
cé gi xay ra khi thyc hién cac dong 6-12. Lic nay, ta goi
DfsFGHUS cho cac s—md rong clia d v6i moi thudc tinh
trong Spew(d) trudc va sau d6 cho i-md rong df cla nd.
Nim nhénh d — b—19322_ 4 d- 163,252 gy, 171,228
d— g~ 163,228 vy dff’93 252 bi tia vi cdc gia tri RBU ciia

ching bé hon mu. Ta chi con lai ba nhanh d — }30:480.480

37,314
215,458,480 267,295,480
€3:7.3:25 vad— f3 4,320 cin Xét V6i Spey (d).

Xét viéc thyc thi DfsFGHUS v6i d — a-. Trudc hét, sau
cac dong 3-7, ta cO: Ipew(d — a) = {b,c,d,e, f,g}. Sau

d —c
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do, & cubi dong 23, ta ¢6 Spew(d — a) = {a,c, f,g}. That
vdy, hai nhanh d —» a —» b va d — a — d bi tia béi WPS
vi LRU ctia ching 1an luot 1a 83 va 164 déu bé hon mu;
con chudi d — a — e khong xuét hién trong D”. Thi
tuc goi d& quy trén cic nhanh d - a —» a,d — a — ¢,
d—a— fvad—a— g vli Spew(d — a) tai dong 32;
va cho cac nhanh d — ab, d — ac, d — ad, d — ae,
d > af vad — ag V6i Spew(d — a) va Lew(d — a)
tai dong 38.

Trén nhanh d — a — a, ta dua chudi d - a — af*}
vao FGHUS (6 dong 28 trong UpdateFGHUS). Céc nhanh
d > a— cvad— a— g bitia bdi DPS. Trén nhinh
d—a— f,tathaythb d - a - af bdid — a — f
trong FGHUS (cac dong 22-27 trong UpdateFGHUS) vi
ching c6 cing dd hd tro ma d »a — fCd — a — af.

Vi céc gia tri RBU cia d — ad, d — ae va d — ag
bé hon mu, ta xét d — ab, d — af va d — ac. Véi
d — ab, khdng c¢6 thay d6i nao trén FGHUS. V6i d — af
vad — ac, ta défy d— af3281 vad — ac?o vao FGHUS.
Khi d6, ta ¢ Inew(d — ac) = {d, e, f} va Spew(d — ac) =
{a’ C’ f’ g}'

Khong c6 thay déi nao trén FGHUS khi xét d — ac — ¢
vid — ac — f. V6i d — ac — a, ta tim thiy trong
FGHUS chudi con d — ac3*® ¢6 cing do hd trg tai dong 14
trong UpdateFGHUS. Tai dong tiép theo, ta thuc hién thi
tuc LocalPruningGHU véi d — ac — a va d — ac. Mac
du SE(D” ) = SE(D”_ ) =17, chién lugc tia LPG

d—ac—a d—ac

khong thé dudc ap dung vi
SF(ttmin(d — ac)) =29 < mu.
Tiép tuc, ta co
Inew(d — ac — a) ={c, f. g},
Snew(d — ac — a) = {a, f}.

Véi s-md rong d — ac — a — a, ta ¢6 Iy (d — ac —
a — a) = {f}. Vi RBU(d — ac — a — af) > mu,
tai dong 13, ta goi LocalPruningGHU (trudng hdp (1)) véi
inew=d = ac > a —> af vad — ac — a — a. Trong
tha tuc ta khong ap dung dugc LPG, vi

SF(umin(d = ac = a — a)) = 148 < mu.

Tiép tuc cdc dong 14-15, trudng hop (i) dudc xét gitta inew
v6i f=d > ac —a— f. Vi

SE(DQ,HacHaHf) = SLIP(Dc/l,HacHaHaf)
= SE(Z)tlil—>ac—>a—>f) = SLIP(D&’—)QC—?(I—UC) = 1’

SF(umin(d = ac — a — f)) =211 > mu,

ta tia toan bd nhanh non-GHU branch(d — ac — a —
af) bsi LPG, cu thé 1a dit gia tri false cho trudng do-ext
cla ipew-
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Sau do, ta xét s-md rong d — ac — a — f va chen
né vao FGHUS. Véi céc i-mé rong d — ac — ac ciing
nht d — ac — af, khong c6 thay d6i ndo dién ra
vi d — ac — af la chudi cha cta chudi d — a — f
trong FGHUS vé6i cung dd hd trg 2. Cudi cung, v6i i-md
rong d — ac — ag. Ta cb, lyew(d — ac — ag) = @
Vi Spew(d — ac — ag) = {a, f}. O cac dong 26-30
trong DfsFGHUS, truong hgp (b) xdy ra v6i 16i goi
LocalPruningGHU(d — ac — ag — f,d - ac —» a — f).
Khi do6, ta tia toan b nhdnh d — ac — ag — f khong
chita chudi sinh phd bién 1¢i ich cao.

Quay trd lai nit d — ac va xét cac i-md rong cua
noé, ta khong tim thiy 10i giai ndo, dong thdi ciing khong
¢6 nhanh nao bi tia. Tuy nhién, v6i d — ace, ta tia
dugc 7 nhanh khong chda chudi sinh va dua thém dng
vién d — ace — f1215 vao FGHUS.

Khi xét hai nhanh bit du tai d — (3 va d —
3, ta chén thém ching vao FGHUS dong thdi loai bo
d — ace — . Tim kiém trén d — f- két thic va ta
tip tuc trén d — c-. Trong qud trinh ndy, ta phat hién
ra 12 lan st dung chién lugc tia LPG, va 64 lan st dung
WPS va DPS. Nam tng vién sau dugc thém vao FGHUS:

328
5
230

35

231 211 215
d—af;”,d > ac—a— fi vad > ace — f]
biloaivid—)c%ls,d—>f3267,d—>c—>a—> 1204

d—ce — ]"1208 da c6 trong FGHUS tuong dng.

d—>ce—>f1208,d—>c—>a—>f1204,d—>c—>
vad - ¢ —> g — f1204. Cac ung vién d — ac

va

Sau d6, qua trinh tim kiém trén e, f, va g dién ra. Pang
tiéc 13, ta khong thu dugc gi. Cubi cung, ta c6

FGHUS = {c — 4220;ac —a— 32“

d— f3267’d N C%lS;
ac — ad — cdf2202

e > a— 3218’

ac — ad — ¢ — ac3®

,ace > d — ac — C%oz’

c—ad— ac — ac%OZ,c —ad — acdf2203,

ce > ad — ¢ —>c%00,ce —>d—>c—>ac§00,
ce > d— cdf}®,d —a— f},

208
i
d—)c—>a—>f1204,d—>c—>g—>f12

>

d—>c—>f2328;d—>ce—>
04}
b

v6i 18 16i gidi, chiém ti 1& 22% so v6i 83 chudi phd bién
1gi ich cao.

3. Thét nghiém

Cic thit nghiém nhim minh hoa tinh hiéu qua cia
FGenHUSM dugc tién hanh trén céc co sd dif liéu dugc
mo ta trong Bang III. Kosarak va Snake 1a hai QSDB thuc
té, trong khi D4C7T5N5S614 va D0.5C10T15N2S614 1a hai
QSDB tdng hop, v6i céc gia tri vé sb lugng va 1¢i ich don
vi cla cac thudc tinh trong cac QSDB tuong ting dudgc tao
ngiu nhién bdi chuong trinh sinh dif liéu ctia IBM (IBM
Quest data generator) tu thu vién SPMF [21].



Béng III )
QSDB D’ MINH HQA THUAT TOAN FGenHUSM

S5 Do dai

ten o e om0
Kosarak 10000 10094 8,14  Duyét web
D4C7T5N5S614 4000 5000 28,7  Tong hgp
D0.5C10T15N2S614 500 2000 127,7  Tong hop
Snake 163 20 60,6  Chubi protein

Véi mdi QSDB Q c6 dinh, chiing toi xdc dinh mot
ngudng ms tuong ddi (tan suét tinh theo % da dudc dung
phd bién trong cic thuc nghiém cho céc thuit todn vé linh
vuc nay, ms% ©l s % 100/|0] (%), trong d6 |Q| 1a s6 céac
g-chudi dau vao ctia Q). Néu khong giy hiéu nhim ta ciing
ky hiéu ms tuong dbi 1a ms.

Chiing toi da tién hanh khai thic cdc chudi sinh phd
bién 1¢i ich cao biang FGenHUSM trong ba trudng hop:
(i) Non: khong dung chién lugc tia ndo (tim cac chudi phd
bién 1gi ich cao trudc va sau d6 loc ra cac chudi sinh);
(i) WDPS: st dung WPS va DPS; (iii) All: dung ca ba
chién lugc WPS, DPS va LPG.

Trudc hét, chiing t6i nhan thiy ring hai tap két qua ciia
FGenHUSM luén trung nhau tuong wGng véi hai trudng
hop: khi ding ca ba chién lugc tia (All) va khi khong dung
bét cii chién ludc nao (Non) ma chi don thuin dung dinh
nghia ctia chudi sinh 1gi ich cao phd bién (Dinh nghia 5).
Do dé, tinh ding ctia FGenHUSM di dudc ki€ém chiing
thém thong qua thuc nghiém.

Thoi gian chay cia FGenHUSM dugc cho trong hinh 1.
Khi ngudng mu cao, cic diéu kién tia LRU(@) < mu va
RBU(a) < mu (trong hai chién lugc WPS va DPS, hay
WDPS) dé c6 co hdi xdy ra hon, nén s6 dng vién (sinh ra
va chua bi tia) khi dung WDPS 1a bé hon déng ké so véi
Non (khong dung chién lugc nao). Khi mu gidm dan, tac
dung cia WDPS ciing gidam theo. Ngudc lai, véi cac ngudng
mu thip, vi diéu kién SF(a) > mu (trong chién lugc LPG
khi dung All) dé xay ra hon, nén sb dng vién sinh ra khi
dung All (4p dung cé ba chién lugc tia néu trén) 1a bé hon
déng k€ so véi chi dung WDPS. Vi vay, so véi Non, viéc
dp dung ddng thdi ca ba chién lugc tia sé tia nhiéu hon cc
chudi tng vién, do do thoi gian thi hanh cla thuat todn sé
nhanh hon déng ké.

Ghi nhan s lugng céc tng vién dugc sinh ra tuong tGing
trong hinh 2 ctia ba truong hop ly giai thém vé su khac
nhau vé thoi gian chay cta chiing.

Hinh 3 chi ra s lugng cic chudi FGHU khai thac dudc
bdi FGenHUSM (#/GenHU) va sb lugng cic chudi FHU
(#HU). C6 thé thiy ring, #/GenHU bé hon #HU tit 5 dén
100 1an theo trung binh (dic biét khi mu bé). Vi vay, theo
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Hinh 1. Thoi gian chay cia FGenHUSM. Ghi chi: All (mau do,
hinh tam gidc), WDPS (mau xanh dam, hinh tron), Non (mau xanh
14 cay, hinh vuodng).

luc Iuong, c6 thé xem FGHUS 1a mot biéu dién sic tich
cua FHUS.

V. KET LUAN

Bai bdo nay da dé xuit khdi niém tip FGHUS cic
chudi sinh phd bién 10i ich cao va thuit todn hiéu qua
FGenHUSM khai thac ching, thong qua cac ky thuit tia
cdc nhinh ting vién trén cdy tim kiém tién t6. Trudc hét,
hai chién lugc tia theo chiéu rong WPS va chiéu sau DPS
(da dung trong cic két qua trude day cho viéc tia cac chudi
loi ich thip) dudc diéu chinh phu hgp dé tia cic chudi it
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Hinh 2. S6 tng vién sinh bdi FGenHUSM. Ghi chi: All (mau
dd, hinh tam giac), WDPS (mau xanh dam, hinh tron), Non (mau
xanh 14 cdy, hinh vudng).

phd bién hodc cic chudi lgi ich thip. Sau dé, ching toi
da chi ra mot chin dudi SF cta d6 do lgi ich tdi thiéu
Umin. Dua vao SF va diéu kién tia sém tong quat [13],
chién lugc tia LPG dudc dé& xuét va dung dé tia cic tng
vién khong 1a chudi sinh phd bién Igi ich cao. PE y ring,
WPS va DPS c6 tac dung tia manh véi cdc ngudng 1gi ich
t6i thiéu mu cao, trong khi LPG c6 hiéu quéa cao véi céac
mu thip. Do d6, ching toi da tich hgp tit ca chiing vao
thuat toan FGenHUSM. Thuc nghiém trén bon co s6 dit
liéu 16n (thyc té 14n tdng hop) da chi ra ring FGenHUSM
khai thidc nhanh FGHUS — mdt biéu dién stic tich ctia tp
céc chudi phd bién lgi ich cao.
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Tém tat: May do di thuong do Reed va Yu dé xuit dugc cong nhan 1a mdy chuan dé phat hién di thudng trén anh da
phé va siéu phd. Tuy nhién, mdy nay c6 mot s6 han ché: dit liéu dnh phai tuan theo md hinh Gauss da bién, tinh toan
nghich d4o clia ma trdn hiép phuong sai rit phic tap khi anh nén c6 kich thudc 16n, hoat dong thiéu 6n dinh, doi khi
c6 ti 1& bao dong gia cao, thiéu mdi lién hé khong gian giita cac diém anh. Quy tic quyét dinh Neyman-Pearson thudng
dugc st dung dua trén viéc tinh todn ham mat do xic suit phi tham s6 clia dif liéu nén d€ nang cao hiéu suét va do tin
cdy, nhung lai c6 dd phiic tap tinh toin cao. D& giam do phic tap tinh todn va thdi gian tinh todn, nhiéu phuong phap
da dugc sit dung, nhu: bién d6i Fourier nhanh, bién d6i Gauss nhanh, l4p trinh da ludng trén bo xit 1y trung tim (CPU),
song song trén bd xir 1y dd hoa (GPU). Bai bdo niy trinh biy mdt phuong phip udc lugng nhanh ham mat do xac suét
bing cach phan nhém cic diém anh trén mién gia tri va td chifc dit liéu trén cdy Kd-tree. Két qua kiém nghiém cho thiy
phuong phip d& xuit vuot trdi cic phuong phap khac va c6 thé ting dung trong thuc té.

Tir khéa: Ting téc do phdt hién di thuong, Kd-tree, wdc luong mat do phi tham so.

Title:  Acceleration of Anomaly Detection in Multispectral and Hyperspectral Images for Search and Rescue Situations

Abstract:  Reed-Yu detector is recognized as a standard algorithm for detecting anomalies on multispectral and hyperspectral
images. However, this detector has several limitations: image data must follow the multivariate Gaussian model,
calculation of the covariance matrix inverse is complex for large size background images is a complex, lack of robustness,
high false alarm rates sometimes, lack of spatial correlation among pixels. The Neyman-Pearson detection criterion is
often applied on the nonparametric probability density function of the background data for effectiveness and reliability,
at the expense of high computational complexity. To reduce the computational complexity, various methods can be
applied, such as: fast Fourier transform, fast Gaussian transform, multi-threaded programming on CPU, parallel on
GPU. This paper proposes a method for fast estimation of the density by grouping pixels based on the range of pixels
and organizing the data using the Kd-tree. The experimental results show that the proposed method outperforms the
state-of-the-art methods and can be applied in practice.

Keywords:  Acceleration of anomaly detection, Kd-tree, non-parametric density estimation.

I. MO AU rao can dbi véi viéc tim kiém thi cong bang mit thudng.
Cic ky thuat tién xi ly dif liéu va cic thuit toan tim kiém
Hoat dong tim kiém va ctiu nan bao gém viéc tim kiém  ty dong 12 giai phap phii hop gilip ngudi quan sit ning cao
va gidi ctiu nguoi, phuong tién bi mic ket trong cic tinh  hiéu suit va téc do tim kiém.
hubéng khé khin hodc bdo nan. Mot cich tiép cian dang Tu dong phat hién muc ti€u dua trén cac déc trung hinh
ngay cang dudc st dung nhiéu trong tim kiém cifu nan 12  hoc c6 thé dugc sit dung dé tiép can vAn d& nay. Tuy nhién,
stt dung anh da phd hay siéu phd c6 do phan gidi cao dugc  cic dic trung hinh hoc ciia cdc dbi tugng quan tim khong
thu tif cac bo cam bién gin trén mdy bay hoic vé tinh. Tuy dugc xdc dinh ré trong hau hét cic tinh hubéng tim kiém
nhién, cdc anh hudng bit 10i giy ra bdi dic trung clia dia  cu nan. Mic du truc tiép tim ra ngudi dang gip nan sé la
hinh, diéu kién thoi tiét khic nghiét lam cho toa do bao ly tudng, nhung trong mot sb trudng hop cac do vat di kem
nan c6 dung sai 16n. Cac thiét bi cdm bién thu dif liéu phdi ~ nhu quan 4o, vat dung c nhan, manh v phuong tién, v.v.
quét trén mot dién rong va dung luong dif liéu 16n 12 mot 6 thé cung cAp mot s6 thong tin hitu ich. Vi vay, phat hién
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di thudng s& cung cAp mot cach tiép can phit hgp hon cho
vin dé nay. Di thudng trén anh da phd va siéu phd dugc
x4c dinh 1a nhiing diém &nh hodc cum diém &nh c6 phé ndi
bat hodc khic biét nhiéu so véi nhiing diém anh lan cén.
Nhiing diém 4nh nay thuong 1a thua thét va hiém khi dai
dién cho anh [1]. Néi chung, cic diu hiéu di thuong la rat
nhd vé mit khong gian va ton tai vSi xdc sudt thip trong
mot canh anh.

Trong hon 20 nim qua, cdng ddng nghién ctiu trén thé
gidi da xay dung rat nhidu bd do di thudng dé phat hién cac
di€m 4nh di thudng trén anh da phd, siéu phd. Dua trén céc
ky thuat khac nhau ctia cic may do, dua trén bon nhom gidi
phép chinh: théng k&, hat nhan, khong gian dic trung va
phén doan [2]. May do di thuong do Reed va Yu xdy dung
vao nam 1990 [3] 1a mdt trong nhitng may do di thudng
dua trén thdng ké va dugc goi 1a may do RX (RXD). RXD
da khoi nguon cho rat nhiéu thuit todn dugc phat trién sau
nay [2] va né dugc coi 12 may phat hién di thuong chuin
cho hinh 4nh da phd, siéu phé [4]. Hiéu qué ctia RXD trong
viéc phat hién di thudng tlt cdc 4nh da phd va siéu phd da
dugc ki€ém chiing [1, 3-9]. Mic du vay, RXD c¢6 nhiing han
ché nhit dinh. Thi nhét, viéc udc lugng nghich dio ctia ma
tran hiép phuong sai ctia dif liéu nén vé6i kich thudc chiéu
dit liéu 16n thuong rit phic tap va hoat dong khong 6n
dinh [10, 11] din dén lam suy yéu thuat toan. Thi hai, doi
khi RXD gdy ra ty 1€ bdo dong gia cao (vi du, mot cdi cay
don 18 trong dong cd dudc phat hién 1a di thudng cuc bd
ngay ca khi toan bd anh c6 ca mot khu rung) [11-14]. Thu
ba, RXD gia dinh dif liéu nén tuan theo mo6 hinh Gauss da
bién, nhung c6 nhiéu trudng hop gia dinh nay c6 thé khong
day dd vi trong thuc té cic canh anh rit da dang va chda
nhiéu 16p dbi tugng khac nhau [11, 14, 15]. Thi tu, RXD
thiéu méi lién hé vé khong gian, mdi di€ém 4nh dugc danh
gia riéng 18 va khong quan tam dén nhiing di€ém &nh xung
quanh no.

DPE giam nhiing han ché ciia RXD, trong mdt vai nim
gan day cic nha khoa hoc da 4p dung quy tic ra quyét dinh
dua trén ki€m nghiém ty 1é kha ning (LRT) dua trén ham
mat do xac suat (PDF) clia dif liéu nén dé phat hién cac di
thudng trén anh da phS va 4nh siéu phd. Cu thé, niam 2011
trong nghién ciu [16] ctiia Veracini va cac cOng su, phuong
phap dé xuét sit dung Parzen Widnow (PW) dé udc tinh
PDF nén da cho két qui dang tin cdy. Sau khi PDF nén
dugc x4p xi thong qua PW, né dudc dung lam dau vao dé
phét hién cdc diu hiéu di thudng trén anh dua trén kiém
nghiém ty 1é kha nang. Nam 2012, trong nghién ciu [1],
Bolukbasi va cong su di xdy dung kiém nghiém gia thuyét
nhi phan cho phat hién di thuong va st dung thuit todn
KNN dé tim k lang giéng gin nhét d€ tinh ham mat do xac
suit phi tham s6 cho diém anh dang xét. Két qua thu dudgc
da vugt so v6i RXD. Nam 2014, trong nghién cdu [17],
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Matteoli vad nhém tic giad di dua ra chién lugc dé quyét
dinh mot di€ém anh c6 phai 1a di thudng hay 1a nén dua
trén dinh ly Neyman-Pearson st dung cac ham PDF. Trong
dé cac tac gia da kiém nghiém trén ba ham nhan PDF:
hat nhan Gauss ¢ dinh bing thong, hat nhan Gauss khong
c¢b dinh bing thong (VKDE) va tim kiém k ldng giéng gan
nhét, d€ uéc lugng ham mat do giéng nhu trong [1]. Két qua
12 c4 ba ham nhan PDF trén déu cho ra hiéu suit phat hién
di thuong cao hon RXD. Nam 2017, trong nghién ctiu [18]
clia Zhao va cdc cong su, su két hop clia cac phuong phap
uéc luong mat do phi tham s6 va phat hién dua trén biéu
dién mbi quan hé tuong quan (CRD), cho thiy hiéu suét
phat hién di thuong kha cao va da vugt RXD.

Tuy nhién, do phic tap tinh toan cda ky thuit phi tham
s6 trong udc lugng ham mat do xédc suét 1a O(kn?), trong
d6 n 12 s6 luong diém anh va k 1a sb kénh phd, 1am cho viéc
tinh toan ton kém thoi gian (trong phan thuc nghiém cla
bai bao, mot anh mau ba kénh RGB, kich thudc 3396x3349
pixel tn gin 21 ngay d€ tinh todn) din dén kha ning ung
dung vao thuc té rit han ché, dic biét 1a ing dung trong
cong tac tim kiém ctiu nan. D€ ting toc dd tinh todn, gidm
thdi gian x{ ly, mot sb ky thuat gan ding da dugce dé xuAt.
Dau tién, d6 1a dé xuét cla Silverman trong nghién ctu [19]
st dung bién d6i Fourier nhanh (FFT) dé udc lugng mat do.
N6 1am gidm dang k€ yéu ciu tinh todn ctia phuong phip
udc tinh mat do, da giam do phiic tap tinh toan tit O (N?)
xubng con O(N log N). Mot phuong phap khac 1a 4p dung
bién ddi Gauss nhanh (FGT) dugc Elgammal va cdc cong
su dé xuét trong nghién ctiu [20]. Phuong phap nay da gidm
do phiic tap tinh toan tf O(NM) xubng con O(N + M).
Trong d6, N = kn la kich thuéc du liéu, va M la ) lugng
muc tiéu can tinh PDF. Mic du cé hai phuong phdp FFT
va FGT da gidm d6 phuc tap tinh toan PDF nhung ddi lai,
viéc tinh todn gin diing gidm hiéu suit phat hién di thudng
cua thuét toan.

Ngoai ra, mot cich tiép can khac dé gidm thdi gian tinh
todn la song song hda qua trinh uGc tinh mat do ham hat
nhan trén mang mdy tinh, trén CPU hoac GPU. Trong
nghién citu [21], Lukasik da dé xuét st dung thu vién
giao thiic truyén thong diép (MPI) d€ song song hoéa viéc
uéc lugng ham mat do xic sudt. Nam 2013, Michailidis
va Margaritis da song song hda uéc lugng mat d6 ham
hat nhén trén cac khung 1&p trinh khac nhau nhu Pthreads,
OpenMP, Intel Cilk ++, Intel TBB va SWARM [22]. Ciing
trong nim 2013, ho tiép tuc song song héa udc lugng ham
mit do hat nhan trén nén ting GPU CUDA [23]. Uu diém
clia cic phuong phap nay 1a khong lam thay d6i hiéu suét
phat hién di thutng cta cac thuat toan. Tuy nhién, do phuc
tap tinh todn PDF khong thay doi, vn 1a O (kn?); thdi gian
tinh todn giam do cic phuong phéap nay da chia tong khbi
luong cong viéc 1am nhiéu phan va tinh todn dong thdi.
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Qua qua trinh nghién citu chiing toi thiy ring, trong cong
thic tinh mat do xac suit, viéc tim nhiing diém anh trong
pham vi bing thong d& ham hat nhan khéac O tiéu ton rat
nhiéu thdi gian. Vi vy, d€ giam dudc thdi gian tinh todn,
chiing t6i phan cic di€ém &nh vé cic nhém clung gia tri.
Muc dich 1a lam giam sb luong dif liéu can tinh toan, thay
vi phdi tinh toan toan bd n di€ém anh, ching ta chi phai tinh
todn trén m nhém cdc diém anh, v6i m nhd hon rat nhiéu
s0 véi n. Trong tu nhién, 16p phi thuc dia luén c6 tinh chét
phan 16p dbi tuong, 16p phi cang dong nhét sb lugng nhom
cang it. B&i vdy, budc phan nhém cac diém 4nh vé cd ban
lam gidm ddng k€ s6 lugng diém dif liéu cAn xét dén. Buéc
tiép theo, chiing t6i t6 chic dit lidu theo cay Kd-tree d6i
v6i dit liéu chua phan nhém va dif liéu sau phan nhém dé
ting toc do tim kiém cdc diém dif liéu trong pham vi bing
thong thda man ham hat nhan khac 0.

Phan tiép theo ctia bai bdo dudc ciu triic nhu sau. Phan II
trinh bay 1y thuyét uéc lugng mat do phi tham s6 va thuat
toan dé€ thuc hién viéc udc luong nay. Phan III trinh bay
phuong phdp phian nhém dif liéu, xdy dung, tim kiém trén
ciy Kd-tree va thuit todn d€ tinh toan PDF khi di liéu da
dugc nhém va td chiic vao cdy Kd-tree. Phan IV trinh bay
két quéa thuc nghiém trén ba loai anh (4nh da phd 3 kénh
phd, anh da phd 8 kénh va anh siéu phd 224 kénh). Cubi
cung 1a két luan va tai liéu tham khdo.

II. UGC LUGNG MAT PO HAT NHAN

Phuong phap uéc lugng mat do xdc suét phi tham sb
trong d6 cong cu chinh 1a uc lugng méat do hat nhan (KDE)
da dugc Rosenblatt cong b6 vao nim 1956 [24] va sau
d6 dugc Parzen phat trién, cong bd vao nim 1962 [25].

) Bang I
MOT SO HAM NHAN DPIEN HINH [27]

Tén ham nhan K (u) Diéu kién
. 1
Uniform 3 lul <1
1
Hypercube 1 lu| < 3
Triangular 1 - |ul lul <1
3 3u?
Epanechnikov = ul <5
P 45 20V5 !
15
Quartic E(l —u?)? lul <1
35
Triweight ﬁ(1 —u?)3 lul <1
70
Tricube 8—](1 —|u?)? lul <1
1 1,2
Gaussian e 2"
V2r
Cosine %COS (%u) lul <1

72

Déi v6i dit lieu mot chidu, xét vector ngiu nhién x =
(x1,X2, ..., x,)T cla bién ngiu nhién x c6 n phan td. Pidu
ndy c6 nghia ring c6 n quan sit ctia bién ngiu nhién x va
x; 12 quan sét thif i ctia bién ngiu nhién x. Khi d6, mat do
hat nhan ctia bién ngiu nhién x dugc udc lugng nhu sau:

1 iK(xi_xj), i
J

f(xl) = n j=1 h ]’lj
trong d6 f(-) dudc goi 1a ham mat do xac suit (PDF), K (u)
dudc goi la ham nhan thda man diéu kién [ K(u)d(u) = 1
va h; la hé s6 ty 1& quyét dinh “khodng rong” clia ham nhan
hay con goi 1a bing thong. Thio luin md rong vé cac thudc
tinh thong ké ciia f(-) c6 thé dugc tim thdy trong [26],
K(u) c6 thé 1a cic haim nhin dién hinh do Hardle trinh

bay trong [27] va dudc thé hién trong bang L.

,2,....n, (1)

Trong trudng hop dif liéu c6 k chiéu, quan sit thd i
cia X = (x1,X0,....x)7 la x; = (xl,x?,... x0T, i
1,...,n, va cong thic udc tinh mat do hat nhan cta di
liéu da bién dugc dinh nghia trong [27] la:

xd d

_
)} i=1,2,...,n. (2)

l J

Déi v6i anh da phd va siéu phd, dif liu thuoc dang da
bién, ching toi st dung cong thiic (2) d€ cai dit thuat toan.
Khong 1am mét tinh tdng quat, ching t6i cd dinh bing
thong, dat h = hy = hy = -+ = hg v6i d = 1,2,... k.
Thuét toan 1 dudc viét gid 1ap theo ngdn ngii 1ap trinh
C d€ u6c tinh mat do cta dit liéu da bién theo phuong
phdp tuan tu trén CPU, day la thuat toan do Lukasik [21],
Michailidis va Margaritis [22, 23] xay dung.

A 1 1
Jxi) =~ ¥ {[—[Z:I EK

ha

Trong thuét toan 1, X 13 di liéu 4nh da phd hoic siéu
phd dudc t6 chic thainh mdt ma trin hai chiéu tir nhiéu
vector, chi s6 clia chiéu thd nhit tuong ting véi vi tri trong
khong gian ctia cic diém anh, chiéu thi hai chia dif liéu
ctia cdc kénh anh tai vi tri d6, n 12 tdng s6 diém anh, k 1a sb
kénh phd, & 12 bing théng ciia ham udc luong mat do, pdf
12 vector luu trif mat do xdc suét clia cic di€ém anh. Trong
thuat todn 1, ham Kernel dudc thiét ké riéng bdi nhiing
thuat toan phia sau déu phai st dung dén né. Trong ham
Kernel, x; 12 vector gid tri ctia diém anh can tinh mat do,
x; 1a vector gid tri ca di€ém 4anh bit ky nim trong bing
thong, K (1) 1a mot trong nhiing ham da néu trong bang 1.
Thuat toan 1 ¢6 do phiic tap tinh toan 1a O (kn?).

III. TANG TOC PO UGC LUGNG HAM MAT PO

Nhu phan tich trong phan II, thuit todn 1 c6 do phiic
tap tinh toan 1a O (kn?). Pay la do phic tap tinh toan theo
ham s6 mii. Trong phan thuc nghiém ctia nghién ctiu [20],
tic gid st dung 100.000 diém dif liéu d€ kiém nghiém va
thoi gian tinh todn 14 4 ngay. Trén thuc té, thoi gian ching
ti tinh toan PDF cho mot anh mau RGB 11.373.204 diém
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Thuét toan 1: Thuét todan udc lugng mét do hat
nhan [21-23]
input: Ma tran cdc diém anh x, s6 diém anh n, sb
kénh phé k, bing thong h
output: Mat do xdc suit clia cic diém anh pdf
1 fori—O0ton-—1do

2 sum_ker « 0;
3 for j —O0ton—-1do
4 ‘ sum_ker < sum_ker + Kernel(x;,x;, k, h);
5 end
. pdfli] — sum_ker;
n
7 end

8 return pdf;

anh 1a 21 ngay; thoi gian tinh toan PDF cho mdt anh 8
kénh phé 710.613 diém anh la hon 3 gis. Do do, rat kho
4p dung phuong phdp niy trong nhiing ting dung thuc té,
nhit 1a trong cong tac tim kiém ctu nan do né doi héi cao
vé thai gian dua ra quyét dinh.

Quan sit cong thic (2) cho thdy chi nhiing diém anh
lam cho K (1) # 0 m&i c6 y nghia, nhiing diém anh con lai
khong lam ting gid tri ctia f(x;). Vi vy, ching ta chi di
tim tap hop nhiing di€ém anh thda man diéu kién K (u) # 0.
Qua qud trinh nghién ctiu, ching t6i nhan thiy ring, cong
doan d€ tim nhitng diém anh théa man K(u) # 0 tiéu t6n
nhiéu thdi gian nhét. Vi vdy, phuong phdp diu tién ching
t6i nghi dén 1a lam thé nao d€ gidm b6t dit liéu tinh todn
ma khong 1am thay d6i két qua dau ra. P6i véi anh da phd,
kha niing cdc di€ém 4nh c6 vector phd giéng nhau tuong dbi
cao, nhit 12 anh mau RGB. Do d6, chiing toi chia nhiing
diém anh ndy thanh m nhém c6 cling gid tri. Nhu vy, thay
vi ching ta phéi tinh toan PDF cho n diém 4nh chiing ta
chi phai tinh toan PDF cho m nhém diém anh, cic diém
4nh trong ciing mot nhom sé& c6 gid tri mat do xdc suét
gibng nhau. Khi dé, m cang nho thi thdi gian tinh todn
cang nhanh.

Tiép theo, chiing t6i t& chic dif liéu theo cdu tric clia
ciy Kd-tree [28]. Vé ban chét ciy Kd-tree 1a mot cdy nhi
phan bdi mdi niit c6 nhiéu nhit 12 hai con. Nt 14 chia
diém dif liéu k chiéu, nhiing nit khong phai 1a nit 14 tao
ra mot siéu phang tach (lat cit) d€ phan chia khong gian
thanh hai phan, dugc goi 1a nia khong gian. Cic diém &
bén trai cla siéu phang nay dudc biéu thi bing cdy con
bén trai ctia mit d6 va cac diém & bén phai cia siéu phang
dugc thé hién bing ciy con bén phdi. Nhiing diém 4nh x;
théa man K (u) # O phai 1a nhiing diém &nh ling giéng
gan nhét cta x;. N6i cach khac nhiing di€ém 4nh nay phai
nam trong hinh siéu cau c6 ban kinh r cho trudc, tam 1 x;.
Thong thudng chiing ta phii duyét hét toan bd dit liéu méi
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Function Kernel

1 Input: di€ém anh dang xét x;, diém é&nh kiém tra x;,
s6 kénh phd k, bing thong h

2 Output: Gia tri cua K(u)

3 mul_ker «— 1;

4 ford —0tok—-1do

xd - x;l

);

1
5 mul_ker «— mul_ker x W x K

h

6 end
7 return mul_ker;

tim ra dudc tap hop dé. Muc dich t8 chic dit liéu theo ciu
triic ciy Kd-tree 12 d& nhanh chéng tim dugc tp hdp céc
diém 4nh 1am cho K () # 0. Do tinh chét ctia ciy Kd-tree,
mdi nit khong phéi 12 14 sé chia khong gian thanh hai phan
nén bt dau xét tir mit gbc, néu diém x; nhd hon gbec mot
khoang r thi rd rang nhiing diém 4nh dap dng diéu kién
K(u) # 0 phdi ndm nhdnh bén trai clia nit gbc, ching ta
chi phai di tim nhiing diém dit liéu ndm nhanh bén tréi ctia
gbc ma khong can quan tim dén nhiing nhing nit dit liéu
nim nhanh bén phai ctia nit gbc. Va ngudc lai, chiing ta
chi phéi di tim nhiing nhiing diém 4nh nam nhanh bén phai
ctia gbc ma khong cin quan tdim dén nhitng di€ém anh nam
bén nhanh bén trdi ctia mit gbc. Vi vdy, viéc 4p dung ciy
Kd-tree da gidm dudc thoi gian tinh todn ham tinh tdng
trong cong thic (2).

Nhiing budc & trén 1a qua trinh tién xd ly dif lidu trudc
khi dif liéu dudc dung dé uéc lugng haim mat do xdc suét.
Duéi day, chiing toi trinh bay chi tiét hai budc tién xi ly
va viéc udc lugng ham mat do xdc suét.

1. Nhém cac diém anh c¢6 cung gia tri pho

Dbi v6i anh da phd hodc 4nh siéu phd, qud trinh tim
kiém nhiing diém anh c6 phd tring nhau mét rat nhiéu thoi
gian, v6i do phuc tap tinh toan la O(kmn), trong d6 m la
s6 nhém cdc diém 4nh c6 phd trung nhau, n 12 s6 di€ém
4nh va k 1a s6 kénh anh. D€ giam d6 phiic tap tinh toan,
y tudng nhém cic diém anh clng gid tri 1a xdy dung mot
mang hai chiéu, dudc goi 12 mang A. Kich thudc chiéu thi
nhit cia A 13 s luong t6 hop mau ciia cic kénh anh. Vi
du, v6i d&nh mau RGB 24 bit, chiéu thd nhét cla mang A
sé ¢6 kich thuéc 1a 16.777.216. Kich thuéc chiéu thi hai
clia A sé& dugc cip phat linh dong d€ luu tri vi tri khong
gian trén dnh ctia cic diém anh thudc vé nhém do.

Thuit toan nhém chay qua lan ludt cic di€ém anh, tinh
gid tri t6 hop mau clia di€ém anh do theo cong thiic sau:

k=1
index; = Z Max? x xl‘.i, i
d=0

1,2,... 3)

, 1,
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trong d6 Max 1a gid tri 16n nhét ctia cac kénh 4nh cta tit ca
cdc diém 4nh (thong thudng, dbi v6i dnh luu trit 8 bit/kénh
ta c6 Max = 256, 10 bit/kénh thi Max = 1024, ...), index;
tuong ing véi chi sb trén chiéu thit nhit ctia mang A. Chiéu
thit hai clla mang A sé tu dong ting thém mot & nhé dé
luu trit vi tri khong gian cia diém 4nh do.

Thuét todn nhém duge trinh biy cu thé tai thuét todn 2.
Do phiic tap cta thuat toan 12 O (kn). Trong thuat toan, dau
tién phai xdy dung dugc mot cu tric dé luu tri thong tin
clia nhém cédc diém anh. Trong ciu tric nhém diém anh
phéi luu trit dugc gid tri phd cda di€ém anh va chi sb cla
cdc diém 4nh thudc nhém. Cong viéc tiép theo 1a di tim
gia tri Max d€ c6 co sd tinh todn kich thu6c chiéu thd nhét
clia mang A (tinh todn size = Max*), khéi tao mang A véi
chiéu thd nhét c6 kich thudc bing size, chiéu thi hai bing
@. Trong vong lip chinh, tinh gia tri t§ hdp mau clia di€ém
anh tht 7 va gan cho index, tai chi b index cia mang A,
diém anh thit i sé dudc thém vao nhém. Cudi cung, loai bd
nhitng nhém diém 4dnh khong chita bt ky diém anh nao ta
sé dudc cdc nhém diém 4nh.

Dé€ u6c luong mat do xdc suét cho cic diém anh, cong
thitc (2) dudc bién déi thanh:

e

trong d6 f (g;) 1a ham udc tinh mat do xdc suit cia nhém
thd i, khi d6, tit ca cdc diém &nh trong nhém thad i sé cé
mat dd xdc suét bﬁng nhau, i = 1,2,...,m, m la t6ng %)
nhém, g; 1a vector chifa gia tri cdc kénh phé ctia nhém thi
i, M; 1a tap hop cdc diém éanh trong nhém tha j, va |M;|
la kich thu6c cta tap hop M.

m

fG(gi) = %Z

J=1

gl - g9
ha

XIMjI}, “

2. Xay dung va tim kiém trén Kd-tree

Cay Kd-tree dugc phat trién va cong bd bsi Bentley [28]
vio nim 1975. Vé ban chit, né 1a mot cdy nhi phan (do
mdi niit clia cdy c6 tdi da 2 nhanh con), trong d6 mdi nut
biéu dién mot phan ving khong gian k chiéu. Nt gbc dai
dién cho toan bd khong gian, cac nut 14 dai dién cho khong
gian con chifa mot tap con doc nhit ciia tap dif liéu dau
vao. Piém dic biét clia cay Kd-tree la cdc dinh cla cay
12 nhiing diém phan chia khong gian thanh hai phan. Viéc
phén chia khong gian nhu viy sé thuin tién cho tim kiém
nhiing di€ém trong cdy gin nhit v6i mot diém nao dé trong
viing khong gian. Pidu nay cé nghia rang, viéc tim nhiing
diém thuoc ciy gan v6i mot diém nao d6 trong khong gian
dua trén mot sé6 phép phan hoach khong gian d€ loai bod
cdc ving khong gian khong can thiét, nhu vy sé thu hep
dugc khong gian tim kiém.
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Thuat toan 2: Thuit todn nhoém céc diém anh
(CreateGroup)

input: Ma tran diém 4nh x, s6 diém 4nh n, s6 kénh
phd &
output: vector cdc nhém diém anh groups
1 Max < phin tif ¢6 gia tri 16n nhit clia ma tran x;
size «— Maxk;
Khdi tao ma tran A, chiéu thd nhit c6 kich thudc
bﬁng size;
for i < 0 to size — 1 do
| Alile {2}
end
fori —Oton—1do
index < 0;
for d —0to k—1do

index «— index + Max® x xfl;

end
Alindex]— Alindex] U {i}
end
groups — {@};
for i < 0 to size—1 do
if A[i]+ @ then
‘ groups «— groups U {A[i]}
end
end
return groups,

(70,70) X

__________ .. [ ——
(35,45) b

b - _._ -

©(30,40) "—
. ._ ________ y __________
(5,25) ©(50,30)
(10,12)

(a) (®)

Hinh 1. a) Minh hoa phéan chia mién khéng gian, b) Minh hoa
cdy Kd-tree da dugc xay dung tu dit liéu da cho.

D€ hiéu 16 hon vé cay Kd-tree, chiing ta xét mot vi du
xdy dung ciy Kd-tree tit bo dif liéu 2 chiéu (30, 40), (5, 25),
(10,12), (70,70), (50,30), (35,45), chi tiét dugc thé hién
trong hinh 1. Trong d6, hinh 1(a) thé hién c4c ving khong
gian da dudc chia, nhitng dudng thiang lién nét 1a nhiing
dudng chia khong gian dif liéu theo chiéu thif nhit (chiéu x),
nhiing duong thang nét dit chia khong gian dit liéu theo
chiéu thd hai (chiéu y). Hinh 1(b) thé hién ciy Kd-tree dudc
xdy dung tu bd du liéu trén.



Quy tic xdy dung cdy va phan chia khong gian nhu sau.
Chon mot diém dit liéu 1am gbc, tai gbc chia toan bo khong
gian dif liéu theo chiéu thi nhét 1am hai phan (trong vi du,
diém gbc ducc chon 1a (30,40), diém nay chia toan bo
khong gian dit liéu theo chiéu x thanh 2 phan, phan bén
trai 1a nhitng diém dit liéu c6 chiéu x nhd hon hoic bing 30,
phan bén phai 1a nhitng diém dif liéu c¢6 chiéu x 16n hon
hoic bang 30). Tiép theo, xét 1an lugt tiing diém dit liéu,
so sanh diém di liéu nay véi cdc nit trén cy, bat dau tit
gbc. Quy tic so sanh nhu sau. Gia si dif liéu cta ching
ta c6 k chiéu (quy dinh bat dau tir 0 dén k — 1), liy bac
clia niit can so sanh chia cho k dudc phan du, phan du nay
chinh 1a chiéu dit liéu dugc dung d€ so sanh. Néu diém dit
liéu nho hon hodc bing véi nit so sanh thi diém dit liéu
s& nam bén trai mit so sanh, ngudc lai nim bén phai. Tiép
tuc so sanh dén khi gip 14 thi thém di€ém di liéu vao ciy.

Thuét todn 3 xdy dung ciy Kd-tree tif cic di€ém 4nh cia
4nh dau vao. Trong thuat todn ndy, dau tién phdi xay dung
cAu tric mot nit cta cdy Kd-tree dé€ luu trit dif liéu va
mot sd thudc tinh khic nita cda node, sau dé xdy dung
ham InsertNode dé€ chén mot nit vao ciy, cubi cling xay
dung ham CreateKDTree dé xay dung thanh mot cdy hoan
chinh. Do phtic tap tinh toan xiy dung ciy Kd-tree la
O(nlogn) [29].

Sau khi xay dung cdy Kd-tree (theo thuat toan 3), muc
tiéu ctia chiing ta 1a st dung cy nay dé tim tit c nhiing
diém anh dap dng diéu kién K (u) # 0. Trong bang I, ching
ta thiy ring ngoai trii ham nhan Gauss la khong c6 diéu
kién, cdc nhan con lai déu cé diéu kién
xlfl - X}

h

lu| = <e

k]

véii=1,2,...,n, j=12,...,nvad=12,...,k thi
K(u) méi cé gia tri, ngugc lai K(u) = 0. Tuy thudc vao
hat nhan cu th€ ma e sé nhan cic gia tri khdc nhau. Dit
r = h x €, khi d6 d€ hat nhan K (u) # 0 thi |x¢ —xdl <.
Diéu nay c6 y nghia riang v6i diém x; dang dugc xem xét,
nhing di€m x; nam trong hinh siéu ciu ban kinh r (st
dung thudc do khodng céch Chebyshev [30] d€ do khoang
cach tir di€ém x; t6i diém x;) sé 1a nhiing di€ém dugc chon
d€ tinh K (). Xem minh hoa trong hinh 2, trong d6 diém
dit liéu can tinh toan PDF 1a (25,45) v6i r = 10 thi nhiing
diém di liéu (35,45) va (30,40) nam trong hinh tron ban
kinh r sé théa min diéu kién d& K (u) # 0. Vi viy, nhiing
diém dit liéu nay dudc tham gia tinh todn PDF cho diém
du liéu dang xét.

Thuat toan 4 tim kiém nhiing diém 4nh nam trong hinh
siéu cau c6 ban kinh r, c6 tAm 1a x;. Thuit toan st dung
phuong phap dé quy dé tim kiém danh sich cic diém dit
liéu nam trong hinh siéu cau ban kinh r ¢6 tdm 12 diém dang
xét. Nhiing diém dit liéu théa man yéu cau dudc luu trong
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Thuét toan 3: Tao ciy Kd-tree (Create Kd-tree)

1 Function InsertNode ()

2 input: nut géc root, diém di liéu point, sb
chiu dit liéu k, mic cla cay level,

3 output: diém dif liéu dugc thém vao ciy;

4 Tim chiéu ctia khong gian dit lidu: axis «
level %k;

5 if root = @ then

6 - Khdéi tao mét niat mdi;

7 - Gan nut méi khdéi tao cho root,;

8 else

9 if point[axis]<root->data[axis] then

10 ‘ InsertNode(root — left, point, k, level + 1)

11 else

12 ‘ InsertNode(root — right, point, k, level+1)

13 end

14 end

15 Function CreateKDTree ()

16 input: Ma trin diém anh X, s6 diém anh 7, sb
kénh phé k;

17 output: Cay Kd-tree hoan chinh;

18 KDNode*root «— @;

19 fori—0Oton-1do

20 InsertNode(root, X;, k,0);

21 end

22 return rooft;

(10,12)

Hinh 2. Minh hoa nhiing di€ém dugc chon d€ tinh K (u).

danh sach list. DAu tién, thuit toan kiém tra nut géc root,
néu no6 rong thi thoat khéi thuat toan. Tiép dén tinh todn
khoang cach tit diém dang xét dén root (st dung phuong
phédp tinh khoang cdch Chebyshev), tim chiéu dit liéu dé
so sanh. Kiém tra néu root nim trong hinh siéu cau dé thi
thém root vao list. So sanh diém dang xét véi root, néu
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Thuét toan 4: Search [27]
input: Node gbc root, diém can tinh PDF guery, s6
chiéu dit liéu k, ban kinh siéu ciu r;
output: Danh sich cdc diém dugc tim thdy list;
if root= @ then
return
end
Tinh khoang cich tit query dén root, gan vao d;
Tim chiéu dit liéu so sanh: axis « root.level%k;
if d < r then
‘ list « list U {root};
end
if querylaxis] < root.datalaxis] then

N =JE- RN B Y | R 7 R S

10 if root.left # @ then

11 ‘ Search(root.left, query, r, list);

12 end

13 if root.right # @ then

14 if |querylaxis] — root.datalaxis]| < r then
15 ‘ Search(root.right, query, r, list);

16 end

17 end

18 else

19 if root.right # @ then

20 ‘ Search(root.right, query, r, list);

21 end

22 if root.left # @ then

23 if |query|axis] — root.data[axis]| < r then
24 ‘ Search(root.left, query, r, list);

25 end

26 end

27 end

nhé hon root tim nhanh bén trai cla root, ngugc lai tim
nhanh bén phadi cta roor. Chi xét riéng trén mot chiéu dit
liéu so sanh, néu khoang cich tir diém dang xét dén root
trén chiéu dit liéu d6 ma nhdé hon hodc biang r bat budc
phdi tim c& nhanh bén trdi va nhanh bén phai ctua root. Vi
du trén hinh 2, r6 rang diém truy vin nim bén phan khong
gian bén trdi ctia niit gbc 1a (30, 40), thong thudng ching
ta chi tim nhiing diém nidm trén nhanh trdi ctia root sé& bod
qua nhiing di€ém di liéu théa min yéu cAu ctia ham nhéan
K(u) #0.

Trong nghién citu cia Kakde [29] tic gid da ching minh
ring, do phtic tap ctia thuit toan xdy dung cay la O (nlogn),
dd phiic tap thuit to4n tim kiém mot ving khong gian trén
Kd-tree 14 O(\/n +¢), trong d6 ¢ 1a s6 diém 4nh dugc tim
thiy trong thuit toan 4. Khi d6, dé uéc luong mat do xdc
suit cho cic diém anh, cong thiic (2) trd thanh:

x4 — pd.
f(x,»):%zj;l {n’;_l %K(h_dpf)} i=12,.. 5

., n,
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Thuét toan 5: Thuit todn tinh PDF khi di liéu
dau vao 1a GRP
input: Ma tran diém 4nh x, s6 diém anh n, s6 kénh
phé k, bang thong h;
output: Mat do xéc suét cla cic diém 4nh pdf;
1 groups < CreateGroup(X,n, k);

2 m « |groups|;
3fori—0tom—1do

4 sum_ker < 0;
5 for j < O0tom—1do
6 sum_ker <«  sum_ker +

Kernel(groups;, groups ;, k, h) X |groups ;;

7 end
8 for j «— 0 to |groups;| — 1 do
k
9 pdf [ groups|i].indexes[j]] « Mﬂ;
n
10 end
11 end

12 return pdf;

trong d6 c; 1a tong s6 diém anh nam trong hinh siéu cau ban
kinh 7 ¢6 tm x; da tim dugc trong thuét todn 4, p;; 1a vector
chita gia tri clia cdc kénh phS clia diém 4nh thi j trong
danh sich cic di€ém anh dudc tim thiy trong thuit todn nay.

V6i viéc sap xép cac nhém diém anh trén Kd-tree cong
thic udc lugng mat do xac suét ctia cac diém anh dugc viét
lai nhu sau:

R R b
3 — il < Y ) i
fc(gi)—nZ{[]—[ K=, ) x|cj|}, (©)
Jj=1 d=1
véii=1,2,...,m, trong dé m la s nhém céac diém anh

c6 céc gia tri phd trung nhau, mc; 1a téng s6 nhém diém
4nh ndm trong hinh siéu cau ban kinh  va tim g; tim dugc
trong thudt toan 4 (goi l1a danh sich thu i), C;. la tap hop
céc diém &nh trong nhém thid j ctia danh sach thd i.

3. Tinh toan PDF

Céc phan IT1.1 va IT1.2 gidi quyét khau tién xi ly di liéu,
viéc tiép theo la tinh toan PDF. Chiing ta c6 ba kiéu ciu
tric di liéu, bao gdm: cdu triic dit liéu ma tir dit liéu anh
gbc sau khi dudc nhom, goi tat 1a GRP, ciu tric dit liéu
sau khi dif liéu 4nh gbc da dugc t& chifc vao Kd-tree, goi
tit 1a KDT, cAu tric dif liéu ma di liéu anh gbc sau khi
dudc nhém sé tiép tuc dudc td chitc lai vao Kd-tree, goi tit
la GGP-KDT.

Trong phan nay, chiing toi xdy dung cic thuat toan khic
nhau d€ gidi bai toan udc lugng mat do xic suét cia céc
di€ém anh khi di liéu dau vao la céc chu tric dit lidu ké
trén. Thuat todn dau tién (Thudt toan 5) tinh todn PDF theo
cong thiic (4) khi dif liéu dau vao 12 GRP. Do phic tap tinh
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Thuit toan 6: Thuét toan tinh PDF khi dit liéu
dau vao 1a KDT

Thuat toan 7: Thuat toan tinh PDF khi dit liéu
dau vao 13 GRP-KDT

input: Ma tran diém 4nh x, s6 diém anh n, s6 kénh
phé k, bing thong h
output: Mat do xic suit clia cic diém anh pdf
1 root < CreateKDTree(X,n, k);
2r«— hXe;
3fori—O0Oton-1do

4 sum_ker < 0;
5 list — @;
6 Search(root, x;,r, list);
7 for j « 0 to |list| — 1 do
8 sum_ker < sum_ker + Kernel(x;, list, h);
9 end
sum_ker
10 pdfli] « ———;
n
11 end

12 return pdf,

toan cia thuit toan 5 1a O(km?), trong d6 m la s6 nhom
cic diém anh. Ham Kernel da dugc trinh bay trong phan II.

Thuat toan thi hai (Thuat toan 6) tinh toan PDF theo
cong thifc (5) khi dit liéu diu vao l1a KDT. Cay Kd-tree
doéng vai tro 1a ciy tim kiém nhiing mit thda man diéu
kién dé nhan K(u) # 0. Thuat todn ndy c6 do phiic tap la
O (kn(\/n+c;)), trong d6 ¢; 1a sb diém anh dudc tim thiy
trong Thuat toan 4, v6ii=1,2,...,n.

Thuit toan thd ba (Thuit toan 7) tinh toan PDF theo
cong thiic (6) véi dif liéu dau vao 12 GRP-KDT, Kd-tree
doéng vai tro 12 cdy tim kiém d€ tim cdc nhém diém anh
thda man diéu kién ctia hat nhan K(u) # 0. Do phiic tap
ctia thuat toan 13 O (km(+\/m+cm;)), m 12 s6 nhém ctia cac
diém 4nh, mc; 1a s6 nhém di€ém anh dugc tim thiy trong
thuat toan 4, v6ii =1,2,...,m.

IV. THUC NGHIEM
1. Kich ban thi nghiém

Ching t6i thi nghiém trén 3 loai d4nh khac nhau: &dnh
mau c6 3 kénh phé (RGB), 4nh da phS c6 8 kénh phd, va
anh siéu phd c6 224 kénh phd. Tuong ting v6i mbi mot anh
nhu vdy, ching t6i chay véi thuét toan khi dir liéu chua qua
giai doan tién xt 1y (Thuat toan 1). Sau d6, tuong dng vdi
mdi loai 4nh, chiing t6i chuyén dit 1iéu 4nh d6 qua giai doan
tién xi ly d€ c6 dugc dit lidu theo ba ciu tric GRP, KDT
va GRP-KDT. Dt liéu nay s€ chay véi cac thuat toan 5, 6
va 7 tuong dng.

Ngoai ra, chiing t6i con chay th nghiém 3 anh trén véi
hai phuong phap: song song hda viéc udc lugng ham mat
do trén khung lap trinh Intel TBB (goi tat 1a Intel TBB), tot
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input: Ma tran diém 4nh x, s6 diém anh n, s6 kénh
phé k, bing thong h;
output: Mat do xdc suét cla cic diém 4nh pdf;
1 groups < CreateGroup(x,n, k);
2 m « |groups|;
3 root < CreateKDTree(groups,m, k);
4r— hxXe;
5 fori —0tom—1do

6 sum_ker « 0;

7 list — @;

8 Search(root, group;, r, list);

9 for j « 0 to |list| — 1 do

10 sum_ker <«  sum_ker +

Kernel(group,, listj, h)) X
|group[list| j].index]|;

11 end
12 for j < 0O to |group;| — 1 do
k
13 pdf [group[i].indexes[j]] < M;
n
14 end
15 end
16 return pdf;

nhit theo két luan trong [22], va song song héa tinh todn
PDF trén nén ting GPU CUDA (goi tit 1a GPU CUDA), dé
xuét trong cong bd [23]. Viéc nay nhim muc dich so sdnh
thdi gian chay va c6 cdi nhin khach quan hon vé phuong
phép ching ti dé xuét. Luu ¥ rang phuong phéap ciia chiing
t6i dé xuat 1a gidm do phiic tap tinh toan din dén giam thoi
gian tinh toan, trong khi Intel TBB va GPU CUDA khong
giam d§ phtc tap tinh todn ma gidm thoi gian tinh todn
bing viéc phan nho tdng khoi lugng cong viée va tinh todn
dong thoi. Diém giéng nhau 13 cic phuong phdp nay déu
gidm thdi gian tinh todn ma khong 1am thay ddi két qua
tinh todn PDF.

Trong thuc té, di liéu anh da phd hoic siéu phd thu chup
trong céc tinh hubng tim kiém ctfu nan con khan hiém va co
ban la khong dugc phat hanh cong khai. Vi vay, ching t6i
lua chon céch tiép can theo cich st dung cdc thu vién anh
da dudc cong bd phit hop v6i muc dich bai toan phat hién
di thuong trén anh. Dau tién, chiing toi st dung 4nh 3 kénh
phd va &nh 8 kénh phd tai [32]. Pay la nhiing dnh dugc dung
trong cudc thi “Dstl Satellite Imagery Feature Detection”
do Phong thi nghiém khoa hoc va cong nghé qubc phong
(Dstl)- Vuong qubc Anh cung cép. Anh 3 kénh phd c6 ma
12 6010_1_2 (goi tat 1a anh 3 kénh phd) va anh 8 kénh phd
c6 ma la 6010_1_2_M (goi tdt 12 &nh 8 kénh phd). Hai 4nh
nay dudc thu tir bd cdm bién WorldView 3 tai cling mot
dia diém trong pham vi 1 km?, kich thudc (1 km x 1 km).
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Hinh 5. Nhiing diém anh di thuong (mau tring).
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Hinh 6. Kénh thit 220 clia 4nh siéu phd Salinas 224 kénh phd.

Anh siéu phS 224 kénh phd 1a anh mién phi dudc cung
clp tai [33] (Hinh 6). Canh anh nay dudc thu tai thung ling
Salinas, California bdi bd cam bién AVIRIS véi 224 kénh
phd, do phan gidi khong gian 13 3,7 m, kich thudc &nh
Anh 3 kénh phd (Hinh 3) la 4nh mau RGB v6i do phan  1a 512 x 217 diém éanh (goi tt 12 anh Salinas). Hinh 7 thé
gidi mat dit 1a 0,31 m, kich thudc anh 1a 3396 x 3349  hién nhiing di€m &nh di thudng (mau tring 1a nhiing cong
diém anh. Anh 8 kénh phd (Hinh 4) c¢6 d6 phan giai mit trinh nhan tao dudc bao quanh bdi canh dong trong céc loai
dét 1a 1,24 m, kich thudc anh 1a 849 x 837 diém anh. thyc véat) va nhing diém anh khong di thuong (mau den).

Hinh 5 hién thi nhiing diém anh di thudng (mau trang la Budc tiép theo, chiing toi sit dung ham nhan Hypercube
nhitng cong trinh nhan tao hén hop trén thuc dia) va nhitng  (Bing I) véi bing thong cb dinh i = 10 d€ kiém nghiém
diém 4nh khong di thuong (mau den) ctia hai anh 6010_1_2  céc thuit todn trén ba dnh nay. CAu hinh mdy tinh dung dé
va 6010_1 2 M. chay cac thuit toan tinh PDF la nhu sau.

Hinh 4. Anh hién thi t hop 3 kénh phd (kénh 1, 2 va 3) tit anh 8
kénh phé c¢6 ma 1a 6010_1_2_M.
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Hinh 7. Nhiing di€ém anh di thuong (mau tring).

Bang I
THOI GIAN CHAY CUA CAC THUAT
TOAN TREN BA ANH (TINH BANG GIAY)

Thuit toan 6010_1_2 6010_1_2_M  Salinas
Thuat toan 1 (AL1)  1.819.712 11.038 557
Intel TBB 1.404.590 9.052 458
GPU CUDA 21.609 253 13,36
Thuit toan 6 (AL6) 1.414.826 2.269 20
Thuat toan 5 (ALS) 230 n/a n/a
Thuat toan 7 (AL7) 21,19 n/a n/a

o CPU: Intel Core i5-7400 3.00 GHz (4 core, 8 thread);

« Mainboard: MSI B150M MORTAR ARCTIC;

« RAM: DDR4 16 GB;

« HDD: SDD BIOSTAR S100 - 240 GB;

o Graphic: NVIDIA GeForce GTX 1070 Ti (2432
core, 1683 MHz, 8 GB RAM).

2. Panh gia thdi gian chay cua cac thuit toan

Thoi gian thuc thi cia cac thuét toan trén ca ba anh nhu
da mo ta trong Phan IV.1 dugc thé hién trén Bang II. Thuat
toan Intel TBB thuc thi trén ca 4 nhan va 8 lu6ng cua CPU,
CPU chay hét cong suit 100%. Thuat toan GPU CUDA
thuc thi trén card man hinh NVIDIA GeForce GTX 1070
Ti, 2432 nhan CUDA, 8GB RAM, tdc do x& 1y 1683 MHz.
Céc thuat toan AL1, ALS, AL6 va AL7 chay trén mdt nhan
va mot ludng ctia CPU.

Trong trudng hop dif liéu dau vao clia cc thuit todn 1a
KDT, két qua dugc thé hién trén hinh 8. RS rang ring, khi
dit liéu dudgc t6 chifc vao cdy Kd-tree, thoi gian tinh todn
PDF da gidm di ding k€ so véi trudng hop tinh todn PDF
khi dif liéu chua qua giai doan tién xt 1y (AL1). Cu thé:
trén 4nh 3 kénh phé thoi gian da giam di 404.886s tuong
duong véi viéc giam di 22,25% thoi gian tinh todn; trén
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Hinh 8. Biéu d6 hién thi thdi gian chay ctia thuit todn tinh toan
PDF khi dit liéu chua qua giai doan tién xit Iy (AL1), tinh toan
song song trén CPU (Intel TBB), tinh todn song song trén GPU
(GPU CUDA) va dit lidu da dugc t6 chiic vao cay Kd-tree (AL6).

anh 8 kénh phd, thoi gian da gidm di 8.769s tuong duong
véi viée giam di 79,44% thdi gian tinh toan; trén anh 224
kénh phd, thoi gian tinh todn da giam di 537s tuong duong
véi viéc giam di 96,41% thoi gian tinh toan. Trén anh ba
kénh phd, thuét toan AL6 c6 thdi gian tinh todn 16n hon
thuat todn Intel TB 10.236s, tuong duong v4i thoi gian tinh
todn ca LA6 nhiéu hon Intel TBB 0,73%. Trén hai 4nh 8
kénh phd va 224 kénh phd thdi gian tinh todn cia AL6 da
nhanh hon Intel TBB lan lugt la: 6.783s va 438s, tuong
duong véi viéc giam di 74,93% va 95,63% thoi gian tinh
toan. Trong trudng hop so sanh vé thdi gian tinh todn giita
AL6 vd GPU CUDA thi AL6 déu c6 thdi gian tinh cham
hon GPU CUDA trén ca ba anh. Tuy nhién c6 su khac biét,
ALG6 tinh toan chdm hon GPU CUDA 16 rét trén anh ba
kénh phd, trén dnh 8 kénh phd khoang cich da dugc thu
hep, trén anh 224 kénh phd chénh lé&ch khong nhiéu (AL6
chi chdm hon GPU CUDA 6,64s). Nhu vay, dp dung cay
Kd-tree d€ quan ly dif liéu trong giai doan tién xi ly trudc
khi tinh toian PDF s& hiéu qua hon dbi véi nhiing anh c6
s6 kénh phé 16n.

DPéi véi trudsng hgp nhém cac di€ém 4nh cé phd tring
nhau, ching t6i chi ap dung cho &nh 3 kénh phd. Khong
ap dung cho loai anh 8 kénh phd va 224 kénh phd bdi t&
hop mau cia loai anh 8 hoic 224 kénh phd 12 mot s6 rat
16n vugt khoi kha nang quan ly cia may tinh va khong
thé 4p dung dugc cho thuat toan 2. Néu st dung thuat
toan nhom thong thudng sé ton rat nhiéu thoi gian do d6
khong kha thi. Nhin vao bang II va hinh 9 ta thiy, thdi
gian tinh toan PDF ctia 4nh 3 kénh phé khi dif liéu da dugc
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Hinh 9. Biéu dd hién thi thoi gian chay ciia thuit to4n tinh todn PDF khi dit liéu chua qua giai doan tién xi ly (AL1), tinh toan song
song trén CPU (Intel TBB), tinh todn song song trén GPU (GPU CUDA), dit liéu da dugc nhéom (ALS) va di liéu da dugc nhém sau

d6 8 chic trén cay Kd-tree (AL7).

nhém da gidm t6i 1.819.482s tuong duong véi viéc gidm
di 99,98% thoi gian tinh toan so véi trudng hgp tinh todn
PDF khi dif liéu chua qua giai doan tién xi 1y (AL1). Ly do
giam thdi gian tinh toan PDF Ia qud trinh nhém céc diém
4nh c6 phd triing nhau da lam gidm dit liéu can tinh toan.
Cu thé, viéc nay da giam s6 luong dif liéu can tinh todn
tir 3396 x 3349 = 11.373.204 diém 4nh xubng con 65.607
nhom diém 4nh, din dén giam dudc 99,4% khéi luong dit
liéu can tinh toan. Thai gian tinh todn cta thuit todn ALS
nhanh hon thuét toan Intel TBB 6.107 1an, nhanh hon thuat
toan GPU CUDA 94 lan.

Dii liéu sau khi nhém tiép tuc dua vao ciy Kd-tree dé
quén 1y, thdi gian tinh todn PDF trén 4nh 3 kénh phd chi
con la 21,19s. So sanh véi trudng hdp tinh toan PDF khi
dit liéu chua qua giai doan tién xd ly (thdi gian tinh todn
la 1.819.712s, tuong duong véi hon 21 ngay tinh toan)
dit liéu GRP-KDT dua vao tinh toan PDF nay da gidm
di 99,999% thdi gian tinh toan. Nhin vao bang II va hinh 9
ta thly AL7 hoan toan vugt troi so v6i thuat todn Intel
TBB va GPU CUDA, cu thé, AL7 di nhanh hon Intel
TBB 66.285 1an va nhanh hon GPU CUDA 1.020 lan.

3. Panh gia vé dé phitc tap tinh toin

Do phiic tap tinh todn cia thuat toan AL1 1a O(kn?),
cia thuit todn ALS5 la O(km?), cia thuit toan AL6 la
O(kn(+/n+c;)) va cla thuat toan AL7 1a O (km(\/m+mc;)).
RO rang do phc tap tinh toan cta thuit toan AL6 va AL7
Iudn ludén nhé hon thuét toan ALIL. bbi véi thuét toan ALS,
trong truong hop xiu nhit m = n (khéng cé bét ky diém
4nh ndo c6 phd tring nhau) thi hai thuét toan ndy cé do
phtc tap tinh todn tuong duong nhau. Tuy nhién, diéu nay
rit kho xay ra ngoai thuc t& bdi cac anh chup trong tu nhién
céc 16p phti thuc dia ludn c6 tinh chat phan 16p déi tuong,
16p phti cang dong nhét (chup trén bién, trén riing, hoang
mac, sa mac, v.v.) thi m cang nhd din dén do phic tap tinh
toan cia ALS5 nhd hon ALI.
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Ddi vé6i phuong phap bién ddi Fourier nhanh do Silver-
man dé xuét [19], do phiic tap tinh toan 1a O(NlogN),
phuong phdp bién ddi Gauss nhanh do Elgamall va céc
cong su dé xuit [20] c6 dd phuc tap tinh toan 1a O (N + M),
trong d6 N = kn 1a kich thuéc dit liéu va M 1a s6 luong
diém dit liéu can tinh PDF. Ung dung trong trudng hgp tinh
todn PDF cho cdc diém é&nh thi M = N. RS rang thuat toan
ALG6 c6 dd phc tap tinh toan 16n hon ca hai phuong phap
bién d6i nhanh nay do O(kn(\n +¢;)) > O(NlogN) >
O(N + M). Ci hai phuong phdp bién ddi Fourier nhanh
va bién d6i Gauss nhanh c6 dd phic tap tinh todn phu
thudc hoan toan vao kich thuéc dit liéu, thuit toan ALS va
AL7 c6 do phic tap tinh todn phu thudc vao céu triic, noi
dung cla 4nh. Trong phan thuc nghiém v6i dnh ba kénh
phé & trén cho ta thiy, trong khi n = 11.373.204 thi m chi
bing 65.607, c6 nghia la m ~ 0.006n, dan dén dd phic tap
tinh toén ctia AL5 va AL7 nhé hon rit nhiéu so véi phuong
phép bién ddi Fourier nhanh va bién ddi Gauss nhanh.

V. KET LUAN

Trong cong tic tim kiém cifu nan, thdi gian phan tng
mang y nghia hét siic quan trong. Viéc rit ngin thoi gian
xt 1y dif liéu va ra quyét dinh dong nghia véi viéc giam
phi ton tai chinh, siic luc, tinh than va ning cao kha ning
séng s6t ctia nan nhan. Trong nghién ctiu nay, ching toi
dé xut phuong phiap dé€ 1am gidm thdi gian phat hién cdc
diém di thuong trén anh siéu phS va da phd (nhiing diém
anh di thudng nay c6 thé 1a muc tiéu can tim kiém hoic
nhitng dAu hiéu phuc vu cho cong tic tim kiém cifu nan).
Dau tién 1a giai doan tién xit ly dif liéu v6i muc dich lam
giam sb luong dif liéu can tinh toan (st dung nhém cic
diém anh c6 cidc kénh phd tring nhau) va t6 chic lai dit
lieu mot cach hop 1y dé€ phuc vu cho qué trinh tinh toan
PDF (8 chic dif liéu vao cay Kd-tree). Sau d6, 3 ciu triic
dit liéu trong giai doan tién xi Iy GRP, KDT va GRP-KDT
dudgc st dung d€ tinh todn PDF.



Do phiic tap vé tinh toan trong giai doan tién xi ly dit
liéu khi nhém nhiing diém &nh c6 cdc kénh phd tring nhau
la O(kn), xay dung Kd-tree la O(nlogn). Trong giai doan
tinh toan PDF, d6 phc tap tinh toan ctia cac ham PDF khi
dit liéu da dugc nhém 1a O(km?), trong d6 m 1a sb nhém
cdc diém anh c6 cac kénh phd trung nhau. Trong rét nhiéu
truong hop, m nhd hon rit nhiéu so v6i n nén thoi gian
tinh toan PDF ciing giam di tuong tng. DY phic tap tinh
toan khi dit liéu dau vao da dudc quan ly bdi Kd-tree 1a
O(kn(y/n + ¢;)), do ¢; nhd hon n rit nhidu nén thai gian
tinh cdc ham PDF ciing giam di tuong tng. DO phuc tap
tinh toan cdc ham PDF khi dit liéu da dudc nhém va to
chuc trén cdy Kd-tree 1a O (km(Vm + mc;)).

Két quéa kiém nghiém trén ba loai 4nh (4nh da phd 3
kénh, anh da phd 8 kénh va anh siéu phS 224 kénh) da
VUGt ngoai mong dgi clia nhém tic gia. Dic biét 1a dbi véi
4nh mau, diy la nhiing anh thudng dugc thu chup tir thiét
bi bay khong ngudi 1ai hodc c¢6 ngudi lai va dugc ting dung
rong rii trong cong tac tim kiém cifu nan.

LOI CAM ON

Nghién ctiu nay dudc tai trg kinh phi bdi dé tai nghién
ctiu khoa hoc cip qudc gia ma s VT-UD.04/16-20 thudc
Chuong trinh KHCN vii tru cia B khoa hoc va cong nghé
Viét Nam. Nhom tac gia trdn trong cam on sy ung hd va
ddng hanh ctia Ban chii nhiém Chuong trinh KHCN vii tru.
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Tém tat: Hé phan tn 1a hé théng cung cip tai nguyén ding chung véi quy md 16n. Hé phéan tén sit dung co ché truyén
thong diép d& hop luc trong méi trudng truyén théng. Trong hop luc, nhiéu tién trinh cling tuong tranh tai nguyén ding
chung dé dan dén bé tic trong cung cip tai nguyén. Loai trif tuong hd phén tan cho phép chi c6 mét tién trinh duy nhét
dudgc thuc thi trong mién ging tai mot thoi diém dbi véi mot tai nguyén dé gidi quyét bé tic. PE dat dudc loai trif tuong
hd phan tan, cc tién trinh phai dudc gin diu dong ho 16-gic dé xac 1ap trat tu va loai trif cac tién trinh gy ra bé tic.
Bai bdo trinh bay gii phip song song héa thuit toan Lamport trong loai trif tuong hd phan tan. Két qua giai phap l1a xéac
lap gia tri dong hd 16-gic dua trén song song héa thuat todn Lamport va xdc dinh cic tién trinh thuc thi trong ddm bio

tinh nhit quin va gin b6 trong hé phan tan.

Tir khéa: Hé phdn tdn, dong hé 16-gic, thudt todn Lamport, loai triv twong hé phdn tdn, truyén thong diép.

Title:

A Parallelization of the Lamport Algorithm for Distributed Mutual Exclusion

Abstract:

A distributed system is a complex system in which the shared resources are allocated at a large scale. Such a system
uses the message passing mechanism over the communication environment to coordinate the system’s entities. During
coordination, multiple concurrent processes might request the same resources, leading to deadlock in resource allocation.
In order to resolve this deadlock, distributed mutual exclusion allows only one process to be executed in the critical
section at a time for each shared resource. To this end, each process is assigned a timestamp to establish an order, and the
processes that cause deadlock are eliminated. There are several proposed distributed mutual exclusion algorithms such
as by Lamport, Ricart—-Agrawala, Raymond, and Suzuki—Kasami. In this paper, we develop a parallelization of Lamport
algorithm for distributed mutual exclusion. Our solution establishes a global state and determines the implementation

process in the critical section to ensure consistency and coherence in discrete systems.

Keywords:

Distributed system, logical clock, Lamport algorithm, mutual exclusion distributed, message passing.

I. GIOI THIEU

Hién nay, cic ung dung 16n trén moi truong dién toan
dam may dugc trién khai trong hé phan tin dé dap tng sd
lugng ngudi dung cuc dai. Theo nghién cuu trong [1], dam
may 12 mot hé théng song song va hé phan tin bao gdm
mot tap hop cdc mdy chii dudc két ndi va 4o hoéa, dudc
cung cip dong va dugc xi Iy dudi dang mot hodc nhiéu
tai nguyén tinh toan hop nhéit dua trén cic thda thuin cip
dich vu dugc thiét 1ap thong qua thoéa thuin gilta nha cung
cip dich vu va ngudi dung. Pién toin dam may 1a mot gidi
phép toan dién cung cip ha tang, dich vu cong nghé thong
tin. Day 1a mot giai phap dién toan dua trén internet cung
cAp tai nguyén dung chung thong qua hé phan tan.
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Hé phan tan, dugc biéu dién trén hinh 1, 1a mot tap hop
cdc mdy chi két ndi qua moi trudng truyén thong trong
cung cp tai nguyén dung chung. Néu xét hoat dong mdi
may chi mot cach doc 1ap, khong c6 su phdi hop dé chia
sé tai nguyén ding chung thi ddy 1a hé tip trung. Néu xét
cdc may chii hgp luc d€ chia sé tai nguyén dung chung thi
day 1a hé phan tan. Su hgp luc cac mdy chii 1a su phdi hop
gitfa cdc mdy chi v6i nhau thong qua mdi trudng truyén
thong dé€ cung cip tai nguyén ding chung cho ngudi st
dung. Khac biét gitta hé tip trung va hé phan tan la cac
dic tinh nhu: tinh gan b, kha ning chiu 16i, sy mé rong,
can bang tai, v.v. Cac nghién citu, trién khai hé phén tan dé
cung cip tai nguyén dung chung tip trung vao gidi phip
dam bao gin bo dit liéu [2]. Giai phap gin bé dua trén
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Ngudi st dung dang ky tai nguyén
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S3
Hinh 1. M hinh két ni trong hé phan tin cung cip tii nguyén
dung chung.

su hgp luc clia cac may chu trong hé phan tan théng qua
co ché truyén thong diép [3]. Hé phan tan khong c6 dong
hd dung chung, do d6, gidi phap clia bai bdo cai tién thuat
toan Lamport dé gidi quyét loai trif tuong hd phan tan trong
cung cip tai nguyén dung chung.

Noi dung chinh ctia bai bao dudgc td chiic nhu sau. Phan II
trinh by cic nghién citu lién quan. Phan IIT dé xuit gidi
phép song song hoa thuét toan Lamport trong loai trif tuong
hd phan tan. Phan IV trinh bay hiéu ning thuc thi song song
héa thuit toan Lamport. Phan V dua ra két luan.

Trong toan bd bai bo, ching t6i ky hiéu N 1a sb may
chii, T 1a dd tré clia qua trinh dong bd héa va E la thoi
gian thuc thi mién ging.

II. CAC NGHIEN CUU LIEN QUAN

Cic nghién ciu trong [4, 5] trinh bay vé truyén thong
trong hé phan tdn dé cap dén co ché truyén multicast. Trong
co ché nay, gbi tin vao va ra mot mdy chii khong tudn
thii nguyén tic vé luu lugng nhu truyén unicast. Truyén
multicast 12 sy két hop dic biét tif cic mdy chd két nbi véi
mdy chd phat thong tin truyén.

Co ché hop luc st dung truyén multicast cho phép céc
mdy chi két ndi v6i nhau thong qua mdi trudng truyén
thong truyén thong diép qua lai nham xac dinh céc tién trinh
di chuyén trong hé phan tdn [3]. Trong qud trinh hop luc,
nhiéu tién trinh cling tuong tranh tai nguyén dung chung
dé din dén bé tic trong cung cip tai nguyén [6-9].

Theo nghién cifu ciia Singhal trong [10], qua trinh bé tic
dién ra khi hai hay nhiéu tién trinh chiém gii thi nguyén
diing chung dudc gidi han va dong thai tiép tuc phat di yéu
cau tai nguyén khac dang bi chiém giii. Cdc qua trinh nay
tao ra mot vong tron khép kin 1am cho céc tién trinh ket
chéo 14n nhau din dén bé tic trong cung cip tai nguyén
theo mo ta trong hinh 2.

Nhiéu gidi phap xt ly phan tin lién quan dén viéc chia
sé tai nguyén dung chung gifta cdc tién trinh khac nhau
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Hinh 2. D6 thi cung cip tai nguyén.

doi hdi tai nguyén phai dugc cung cip duy nhét cho mot
tién trinh tai mot thai diém. Do d6, loai trir tuong hd 1a
giai phdp trong cdc hé phin tdn cung cip tii nguyén dung
chung [3, 4, 11]. Giai phéap loai trit twong hdé dugc gidi
quyét dua trén dong bd héa tién trinh truy cip vao céc tai
nguyén ding chung dé€ dam béo tinh nhit quin va gin bé
trong hé phan tdn. Qua trinh ddng bd héa biang cach truyén
thong diép gilta cac mdy chli dua vio mdi trudng truyén
thong. Loai trif tuong hd phan tan tun thi cdc yéu cau sau:

1) Cho phép mot tién trinh duy nhét dudc thuc thi trong

mién ging tai mot thoi diém ddi véi mot tai nguyén;

2) Néu khong c6 tién trinh nao trong mién ging, tién

trinh yéu cau vao mién ging phai dudc phép vao va
thuc thi trong khoang thGi gian cho phép;

3) Khi c6 nhiéu tién trinh yéu cau vdo mién ging, viéc

cho phép c6 thé bi tri hoan dén khi dudc cip phép;

4) Tién trinh xt ly trong mién ging trong khong bi chin

bdi cac tién trinh khéc.

Theo thuit todn loai trif tuong hd phan tdn, Kshemkalyani
va Singhal trinh bay qué trinh mot mdy chd vao va ra khoi
mién ging, dugc md ta nhu trong hinh 3 [4, Muc 9.3, 9.4].
Thong diép c6 cAu triic va chita mot trong ba gia tri: REQ-
CS (yéu cau vao mién ging), REP-CS (phan hdi chip nhan
cia mdy chii cho phép vao mién ging), vd REL-CS (gidi
phéng khéi mién ging). Mot may chii dugc phép vao mién
ging khi mdy chd d6 tiép nhan du thong diép REP-CS sau
thong diép REQ-CS. Mdy chi S; phat thong diép yéu cau
REQ-CS vao mién ging tai thoi diém 1. Pén thoi diém 8,
S; nhan diy dd théng diép phian hdi REP-CS chip nhan
va vio mién ging cho dén thdi diém 10 phét thong diép
REL-CS r5i khéi mién ging sau khi xt ly xong. Trat tu
tiing phin trén cdc may chi thé hién qua bang 1.

Xét truyén thong diép theo hinh 3, néu mot mdy chi
bi su ¢ trong qua trinh truyén thong diép, vi du dbi véi
trudng hop truyén thong diép REP-CS tit may chii S, dén
mdy chii S; tai thdi diém 6, S phdi cho dgi vao mién
gang véi khoang thai gian khong xac dinh. Ngoai ra, thong
diép trong qua trinh truyén c6 thé bi phian manh, thét lac,
nghén, v.v. Cic vin d& nay din dén hiéu niing ctia hé phan
tdn gidm trong qua trinh hop luyc. Cu thé, [4] trinh bay hiéu
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Hinh 3. Qu4 trinh mdy chi vio va ra mién ging [4, Muc 9.3, 9.4].

HOAT PONG DIEN RA TREN CAC ]1?/1?5 (l;HfJ TRONG TRAT TU TUNG PHAN
Pong ho May cha 1 May chii 2 May chii 3

| S — S»: REQ-CS,1,1

S — S3: REQ-CS,1,1
5 S, — S1: REQ-CS,2,2

S, — S3: REQ-CS,2,2

3 S, — §1: REQ-CS,2,2 81 — S5: REQ-CS,1,1 S, — S3: REQ-CS,2,2
4 S3 — S»>: REP-CS 4,3
5 S3 — S5: REP-CS4,3  §; — S3: REQ-CS,1,1
6 S3 g Sli REP-CS,6,3
7 S> — S1: REP-CS,5,2
8 May chit S; vio mién ging
9 S1 — S»>: REP-CS,9,1
10 S1—= S REL-CS.I0.1 ¢ - o REP-CS.9.1

S1 — S3: REL-CS,10,1

May chit S, vio mién ging

niing loai trif tuong hd dudc xic dinh dua trén céc tham sb:
do phiic tap thong diép, do tré qud trinh dong bd hoa, thdi
gian hdi dap va thong lugng hé théng. Bén canh d6, hiéu
ning loai trit tuong hd dua trén diéu kién cla tai trong hé
théng. Trong d6 tai dudc xdc dinh béi ty 1& thong diép dén
yéu cau thyc thi mién ging. Dbi véi tai thip, sé luong tién
trinh phai doi chd d€ vao mién ging 1a rit thip. Dbi véi
tai cao, ludn c6 tién trinh yéu cau thuc thi mién ging phai
cho trong hang dgi.

C6 hai nhéom gidi phdp chinh trong loai tru tuong
hd. Nhém thii nhit 1a phuong phap tiép cin dua
trén token: Ricart-Agrawala [12], Suzuki-Kasami [13],
Mizuno-Neilsen-Rao [14], Neilsen-Mizuno [14], Helary-
Plouzeau-Raynal [15], Raymond [16], Singhal [17], Naimi-
Trehel [18], Mishra-Srimani [19], va Nishio [20]. Nhém
thi hai 12 phuong phdp tiép cin dua trén quyén: Lam-
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port [21], Ricart-Agrawala [22], Carvalho-Roucairol [23],
Raynal [24], Maekawa [25], Sanders [26], Agrawal-El Ab-
badi [27], va Singhal [28]. Hiéu nang cta cac thuit todn
trong nhém thi hai, tinh theo sb thong diép can dudc truyén,
dugc khio sit bdi Velazquez [29] va tom tit trong bang II.

Mot so sanh khac dugc trinh bay bdi Yadav va cong su
trong [30]. Trong d6, hai gidi phap tiép can cho loai trit
tuong hd phén tdn la gidi phdp duva trén ndi dung va giai
phép dua trén diéu khién. Giai phdp dua trén noi dung st
dung thuat toan trat tg nhan thoi gian 16-gic va thuat toan
bau chon. Giai phap dua trén diéu khién sit dung ciu tric
cdy, cAu tric truyén broadcast va céu tric mang vong [31].
Yadav va cong su phan tich, so sanh hiéu nang cda cac
thuit todn loai trif tuong hd phan tan. Két qua dugc thé
hién trong bang III.
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Bang II .
HIEU NANG CUA THUAT TOAN DUA TREN QUYEN [29]

Thuit toan Téng s6 thong diép

Lamport [21] 3(N-1)
Ricart-Agrawala [22] 2(N-1)
Carvalho-Roucairol [23] 0 dén 2(N - 1)
Raynal [24] 2(N - 1)2

Maekawa [25] 3vVN dén 5VN
Sanders [26] |Ii = {i}| + 2|Ri — {i}|
Agrawal-El Abbadi [27] O(logN)

Singhal [28] (N-1) dén 3(N-1)/2

Bang III
PHAN TICH, SO SANH HIEU NANG CUA CAC
THUAT TOAN LOAI TRU TUONG HO [30]

Thuat Thfii gian I?f) tré Th. dif:p Th. diép
toan hoi dap dong bd tai thap  tai cao
[21] 2T +E T 3(N-1) 3(N-1)
[22] T +E T 2AN-1) 2(N-1)
[13] XT+E T N
[16] TlogN+E (TlogN)/2 log N 4

Hudng nghién ciu cua bai bao 1a song song hda thuit
todn Lamport trong loai trlf tuong hd phin tdn dé€ giam do
phtc tap thong diép, thdi gian hodi ddp va do tré dong bo.
Cu thé 1a dong bd héa céc tién trinh dua trén song song héa
thuat todn Lamport dat dugc trat ty tdng quét chit ché véi
do6 phc tap thong diép 3(N —1). Sau dd, cac may chu hgp
luc dé& vio mién ging thoi diém sém hon trong thuit todn
loai tri tuong hd phan tdn véi thdi gian hoi dap 1a N—1+E,
dd phic tap thong diép 1a N — 1 va do tré dong bo T = 0.

III. SONG SONG HOA THUAT TOAN LAMPORT

1. Trat tu tong quat chit ché dua trén song song héa
thuat toan Lamport

Nhan thoi gian 16-gic dugc xay dung dua trén thuat toan
Lamport trinh bay trong [32]. Thuat toan Lamport cho phép
ghi lai cac su kién ctia hé phan tan. Thuit toan tip trung
vao nguyén ly sau: m&i mdy chi S déu c6 trang bi cong
to v6i cdc gid tri nguyén goi 1a Hs,. D6 chinh 1a dong hd
16-gic ting 1én gifta hai su kién ké tiép. Mdy chi e phat
thong diép ghi déu ctia minh dua trén gid tri hién hanh cta
Hs,. Khi nhan dugdc thong diép, mdy chi nhan r cap nhat
ddng hd Hs, riéng ctia minh bang giai thuat rit gon [32]:

If Hs, < E then
Hs, =E+1;
EndIf.

ey

Mot su kién a (sk,) sinh ra trong mdy chu i (S;) va dugc
dénh diu bdi dong hd cuc bd goi 1a Hs, (a). Néu sk, va
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Hinh 4. Nhan thoi gian cta thong diép khong theo trat tu.

----» GET_LAMPORT
) » ACCEPT_LAMPORT

W4 s, ”‘\] — > LAMPORT

S5 )

Hinh 5. Hoat dong cip gi4 tri ddng hd 16-gic theo thuit todn 1.

skp 12 hai sy kién duge gli t0f cung mdy chd S; dén S, ta
Iudn ludn c6 quan hé xac dinh nhu sau:

skq — sk, & Hs, () < Hs, (b), @

trong d6 sk, — sk, th€ hién su kién a gii cho su kién b,
Hs,(a) < Hs,(b) thé hién gid tri dong ho mdy chi a nho
hon gié tri dong hd cuc bd may chi b, ky hiéu — biéu thi
phép kéo theo va ky hiéu < bi€u thi phép tuong duong.

Tuy nhién, cic nhan ddng hd nay phai dudc cip nhat va
nhét quan trén tit ca cidc mdy chii. Néu gid tri khong dudc
cip nhit thi viéc xG ly thong diép s€ bi sai va hoat dong
ctia hé sai trat tu theo ly thuyét trat tu nhu hinh 4.

Khi cic thong diép di chuyén qua cdc mdy chd, gid tri
gti va nhan c6 gi4 tri khac nhau. Chinh vi gia tri dong hd
sai léch, khi mot mdy chd phat 1énh xi ly dong thdi trén
cdc mdy chii sé din dén sai 1éch vé céc tién trinh dugc triéu
goi d€ xt ly. Do d6, dif liéu khong nhit quan trén tit ca
cac may chu.

Cac may cht hoat dong nhan va gti thong diép dua trén
ddong hod cuc bd clia minh theo co ché truyén unicast. Do
d6, cac mdy chii chi biét dudc trdt tu titng phdn trén may
chii ctia minh va khéng nhan biét dugc cic hoat dong trén
may chi khéc. Tidt tu titng phan anh huéng dén hoat dong
téng quat trong hé phan tin. Hai van dé co ban 1a: (i) gia tri
dong hd 16-gic trén cac may chii khong nhét quan; (i) tién
trinh yéu cau vao doan ging phai chd dgi cho dén khi nhan
du thong diép c6 thé gy anh hudng dén cic may chi khac
hoic sai 1éch khi tién hanh cip nhat di liéu. D€ gidi quyét
bai todn trat tu tiing phan, nghién ciiu ctia bai bdo 13 song
song héa thuat toan Lamport d€ xay dung trdt tu tong qudt
chdt ché trén cac may chu theo thuét toan 1.
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Thuét toan 1: Song song héa thuit todn Lamport

Dur liéu vao:
e May chud S;;
e Gi4 tri dong ho 16-gic Hs,;
e Hanh dong act; va
e Su kién sk.

Dit liéu ra: Gid tri dong hd 16-gic Hs, da cép.

Khéi tao hoat dong Hg, , = 0;
Bién dém count = 0;
countCS|[S;, sk] = 0;

S6 lugng mdy chi S = N;
Ling nghe su kién act;

noR W N =

if act = REQ-LAMPORT then
HSi = HSIocal + 1;
act = REQ;
Thiét 1ap thong diép yéu cu cung cip gia tri ddng hd 16-
gic: GetLamport(Siocar, Hs,,,,;» act, sk);
10 return multicast(GetLamport(S,, Hs;, , act, sk));
11 else if act = LAMPORT then
12 return H S:s
13 end
14 GetLamport (S, Hg;, act, sk)
15 if act = REQ then

e ® 9

16 if Hg, < Hg,,,, then

17 Xac dinh Hg, bi sai, Hg, da dudc gan cho sy kién
khac;

18 act = REP;

19 return multicast(AcceptLamport(Sipcal, Si» Hs; , act,
sk, false));

20 else if Hg, = Hg, , + 1 then

21 Xac dinh Hg, dung;

22 act = REP;

23 return multicast(AcceptLamport(Siycal,
Si, Hs,, act, sk, true));

24 end

25 end

26 AcceptLamport (Sjpcal> Si» Hs;, act, sk, boolean)
27 if act = REP then
28 if S; = Sipcai&&true then

29 count = count + 1;
30 if count = N — 1 then
31 Xéc nhan di sb lugng thong diép phan hdi REP;
32 act = ACC,
33 count = 0;
34 return multicast(UpdateLamport(Siycal,
Heg,, o> 4, sk));
35 end
36 else if S; = Sj,caq&&false then
37 Hg, ., =max(Hg, +1);
38 act = REQ;
39 Thiét 14p lai thong diép yéu ciu cung cp véi gia tri
ddng ho 16-gic méi v6i su kién dang yéu ciu;
40 GetLamport(Siocal» Hs,,;» act, sk);
41 end
42 end

43 UpdateLamport (S,, Hg,, act, sk)
44 if act = ACC then
45 ‘ HSlocal = HS[’

46 en

47 if sk = REP-CS then

48 count[S;, sk] = count[S;, sk] + 1;
49 if count[S;, sk] = N — 1 then

50 CriticalSection(sk, S;);

51 count[S;, sk] = 0;

52 end

53 end

s4 multicast ((Sipcats Hsyppy» act, sk))

55 S, = tip tit ca may chd ngoai trit Sjycqr;
s6 for j =1 to S, do

57 kn = connect(IP(Sy), port(Sn));

58 if kn then

59 sendUDP(GetLamport((Sipcal> Hs,,,,;» act, sk),
IP(Sn), port(Sn));

60 else if kn then

61 | log-err(kn);

62 end

63 end

64 return Hg ;

Dé dat dudgc trat tu tdng quat chiit ché, thuat toan Lamport
dudc song song héa nhim ddng bo héa cic tién trinh di
chuyén trong hé phan tin. M&i su kién dién ra trén bat ky
mdy chii nao déu phéi yéu ciu gia tri dong hd va gid tri
nay dudc nhan biét va nhit quan trén tit ci cic mdy chi.

Hinh 5 mo ta hoat dong theo thuit toan 1, mdy chui S
yéu cau cung cip gia tri dong ho 16-gic, thong diép mang
gia tri GetLamport dugc truyén multicast dén cac may chi
trong hé théng (dong 10). Cic thi tuc trong thuét toan 1
dugc gidi thich nhu sau. Thi tuc multicast (dong 54 dén
64) 1a qua trinh x{ 1y truyén song song cdc thong diép dén
tap may chd trong hé thong. Thi tuc GetLamport (dong 14
dén 25) thuc hién tinh to4n va xi 1y gia tri ddng ho so véi
mdy chii cuc bo nhian dudc thong diép, néu gia tri dong
hd ding tra vé gid tri true (dong 23), néu sai trd vé gid tri

false (dong 19). Thi tuc AcceptLamport (dong 26 dén 42)
cho phép gid tri ddong hd dugc xac lap dua trén gia tri true
clia tt cd cdc may chii. Ngudc lai néu mot may chii bt
ky trd vé gia tri false, thi tuc nay xic lap lai gid tri dong
hd 16-gic dua trén ldy gia tri cuc dai va phat di thong diép
GetLamport (dong 37). Thu tuc UpdateLamport (dong 43
dén 53) nham khang dinh cho mdy chi c6 su kién dudgc
yéu cu gan gia tri dong hd 16-gic va gid tri nay cap nhat
trén tit ca ciac mdy chu.

Hinh 6 m6 ta két qua thuc hién song song héa thuat toan
Lamport so véi thuit toan nguyén thiy cia Lamport theo
hinh 3. Theo thuat todn nguyén thily ciia Lamport, gia tri
dong hd 16-gic sinh ra khi né iy gid tri cuc dai ctia thong
diép nhan va ting 1én mdi khi c6 su kién méi phét sinh
bén trong may chi. Thuit todn nay tuan tha luit happened-
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Hinh 6. Hoat dong song song héa Thuat todn Lamport.

before. Tuy nhién, diy la giai phap thu dong. Thong qua
hinh 6, mdi mot gia tri dong hod 16-gic duge gan cho su
kién déu giii dén tt ca cac tram. Vi vy, mic du khong c6
hoat dong trén tram nhung tram nhan biét dugc hoat dong
trén céc tram con lai. Day la giai phdp cha dong trong viéc
giam sdt va diéu khién su kién. Gidi phdp nay tao diéu kién
thuan 1gi cho cic su kién yéu cAu vao mién ging dé gidi
quyét loai trit tuong hd phan tan.

2. Ap dung song song héa thuét toan Lamport dé
giai quyét loai trir twong hé phan tin

Mo hinh hé phan tin theo hinh 1 dudc mo ta 1a hé thong
bao gdbm N mdy chii S; (i = 1,..., N) két nbi v6i nhau qua
mdi trudng truyén thong. Mot tién trinh p; (j =1,..., M)
thuc thi trén mdt mdy chu S;.

Nghién ciiu trong [33] trinh bay gidi phdp gin bé dua
trén thuat toan 4PCoDT. Giai phap thuc hién co ché truyén
thong diép trong vong tron 4o, mdi pha di chuyén qua tiing
mdy chii theo vong tron dinh trudc. Pha thi nhét thuc hién
Xt 1y tién trinh yéu cau di vio mién ging d€ tranh tuong
tranh tai nguyén. Yéu cau thong diép trong tién trinh thuc
thi mién ging trén mdy chd c6 chiia mot trong ba gid tri:
REQ-CS, REP-CS va REL-CS. Khi tién trinh yéu cau REQ-
CS da nhan diy di phan hdi REP-CS méi dudc phép vao
mién ging. Tién trinh vao mién ging tuin thi nguyén tic
loai trit tuong hd phan tan trinh bay trong phan II. Sau khi
tién trinh x@ ly xong va roi khéi mién ging, may chi phat
di thong diép c6 chia gid tri REL-CS d€ tién trinh khéc
dugc phép vao mién ging.

Trén co s song song hda thuit toan Lamport trinh bay
trong muc II1.1, thuét todn loai trit tuong hd phén tan thuc
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hién duya trén cai tién thuit toan Lamport dudc trinh bay
trong thuat todn 2. Ham RequestCriticalSection (dong 10
dén 24) thé hién cic tién trinh yéu cau vao mién ging.
Ham RequestCriticalSection xac dinh gia tri dong ho 16-
gic da gan cho tién trinh, néu tién trinh nao c6 gid tri nhod
hon c¢6 quyén uu tién cao hon dé€ vao mién ging. Ham
CriticalSection (dong 25 dén 33) thuc hién xi 1y tién trinh
trong mién ging. Qud trinh xd ly tién trinh dam bao cdc
truong ndi dung tic dong 1én co sd dit lidu 1a duy nhit trén
tdp mdy chid, ddm bao tinh gin bo trong hé phan tan. Sau
khi két thiic qua trinh xi ly trong mién ging lap tic yéu cau
x6a tién trinh khoi hang doi, phat thong diép giai phong
mién ging d€ tién trinh tiép theo dudc phép voa mién ging.
Ham NextCriticalSection (dong 34 dén 38) xi ly tién trinh
tiép theo trong hang dgi. Néu tién trinh tiép theo nay da
tiép nhan diy di phan hoi theo thuat todn 1 thi lap tic vao
mién ging ma khong can phai dgi bit ky xdc nhan nio.

Theo thuat toan Lamport nguyén thiy trong bang I, mdy
chii S vao mién ging tai thdi diém 8 khi da nhan du théng
diép phan hdi REP-CS. Sau khi 4p dung song song hoa,
thuat todn Lamport dat dugc mdt trat tu tdng quét chit ché
trén cac may chi theo bang IV. Két qua bang IV cho thiy
mdy chii vao mién ging thdi diém 6, sém hon so vdi trat
tu tiing phan & bang 1.

IV. HIEU NANG THUC THI SONG SONG HOA
THUAT TOAN LAMPORT

Dua vao md ta cic tién trinh hoat dong trong mién ging
va cdc tham sb trinh bay trong phan I, chiing toi ddnh gid
hiéu ning loai trii tuong hd phan tdn theo Hinh 7. Tham
s6 do phic tap thong diép clia song song héa thuit toan
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Bang IV
HOAT DONG DIEN RA TREN CAC MAY CHU TRONG TRAT TU TONG QUAT CHAT CHE

Pong ho May chu 1 May cha 2 May chu 3
| S| — Sy: REQ-CS,1,1 S — S»: REQ-CS,1,1 S| — S»: REQ-CS,1,1
S; — S3: REQ-CS,1,1 S; — S3: REQ-CS,1,1 S — S3: REQ-CS,1,1
5 Sy — §;: REQ-CS2.2 S, — S1: REQ-CS.2,2 S, — S;: REQ-CS,2,2
S» — S3: REQ-CS,2,2 S — S3: REQ-CS,2,2 S, — S3: REQ-CS,2,2
Sy — S;: REQ-CS2.2 S| — Sy: REQ-CS,1,1 S, — S3: REQ-CS,2,2
3 S1 — S: REQ-CS,1,1 S5 — S3: REQ-CS,2,2 S, — S1: REQ-CS,2,2
Sy — S3: REQ-CS,2,2 S, — S;: REQ-CS,2,2  §; — Sy: REQ-CS,1,1
4 S3 — S>: REP-CS,4,3  S3 — Sp: REP-CS 4,3  S3 — S3: REP-CS 4,3
5 S3 — S5: REP-CS,4,3  S3 — Sp: REP-CS4,3 S — S3: REQ-CS,1,1
S| — S3: REQ-CS,1,1 S — S3: REQ-CS,1,1  S3 — S»: REP-CS 4.3
. S3 — S;: REP-CS,6,3 S3 — S;: REP-CS,6,3 S3 — S: REP-CS,6,3
S| vao mién ging
} S| — S»: REP-CS,7,1  S; — Sy: REP-CS,7,1 S| — S,: REP-CS,7,1
S, da nhan di REP-CS, chd lugt tiép theo vao mién ging
S; — Sp: REL-CS,8,1 S| — So: REP-CS,7,] S| — S»: REL-CS,8,1
g S; — S3: REL-CS,8,1 S| — Sy: REL-CS,8,1 §; — S3: REL-CS.8,1
S| — Sp: REP-CS,7,1 S| — S3: REL-CS,8,1 S; — S,: REP-CS,7,1
S, vao mién ging
. S; — Sp: REL-CS,8,1 S| — Sy: REL-CS,8,1 §; — S: REL-CS.8,1
S; — S3: REL-CS,8,1 S, — S3: REL-CS,8,1 §; — S3: REL-CS.8,1
Hang doi cac  REQ_CS duoc  Maychlivao May chi roi May chl vao May chi roi

véu céu mién gt di mién gang mién gang mién gang mién gang
gang T E T E
‘ < P ™ »
< ‘i) = P >
Thoi gian thuc thi | D6 tré qua trinh | Thai gian thic thi
mién gang dong bo héa mién gang
< -
1™ Tho gian hoi dap

Hinh 7. MBS t céc tién trinh hoat dong trong mién ging.
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Hinh 8. S6 lugng thong diép hgp lyc ddp tng cdc tién trinh d&
vao mién gang.
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Lamport dugc xdc dinh dua trén sb luong thong diép yéu
ciu trén mot may chi cho méi thuc thi mién ging. Dbi vé6i
song song héa thuat toan Lamport yéu cau N —1 thong diép
REQ, N — 1 thong diép REP, N — 1 thong diép ACC, do
do6, thuat toan yéu cau 3(N — 1) thong diép. P6i vé6i thuat
toan cai tién loai trit tuong hd clia bai bao yéu cau N — 1
thong di€p REQ-CS va khong xét thong di€ép REP-CS va
REL-CS trong qua trinh nhan, do d6, thuat toan yéu cau
N — 1 thong diép khi vao mién ging.

Nguyén nhan dd phuc tap thong diép thuéit toan loai trit
tuong hd thip 1a khi 4p dung song song hoéa thuit todn
Lamport, cac thong diép REP-CS va REL-CS da dugc nhan
biét va danh diu khi yéu cau gid tri ddng hd 16-gic trén céc
mdy chii. Do d6, mdy chii yéu ciu vao mién ging khong
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can phai doi tiép nhan di thong diép REP-CS va REL-CS.
Ngoai ra, trong qua trinh truyén thong diép trong hé thong,
thong diép REP-CS va REL-CS bi phan manh hoic thit lac
khong anh huéng dén qud trinh vao mién ging clia mdy
chii. Theo két qua hinh 8, ddi v6i s6 luong tién trinh yéu
cAu vao mién ging 16n thi sb lugng thong diép hop luc dé
tién trinh vio mién ging cang 16n. Do d6, néu giam dugc
s6 luong thong diép hop luc thi hiéu ning tién trinh vao
mién ging ting.

Tham s6 d6 tré qua trinh dong bd héa T dudc xac dinh
dua trén khoang thoi gian yéu cu sau khi mdy chii bat dau
phat thong diép yéu cau REQ-CS cho dén khi vao mién

Thuét toan 2: Céi tién thuat todn loai trlii tuong
hé Lamport

Dir liéu vao: Tién trinh tt(start,jeton, lamport),lamport,,
S_act,type,action,circle,content)

Dir liéu ra: Trit ty tdng quat chit ché tién trinh, tién trinh
vao mién ging va loai tri tuong hd nho dau

1 action = tt.action,

2 if action = 1 then

3 sk = REQ-CS;

4 act = REQ-LAMPORT,

5 Hg, .. = LAMPORT(S|cq, act, sk);

6 tt(start jeton,Hg, ..lamporty,Siycqrtype,action,

circle,content);

7 req_queue(tt);
8 multicast(RequestCriticalSection(sk,tt));
9 end

RequestCriticalSection (sk,tt)
Hg, . = tt.lamporty;

12 §; = tt.Sqct;
13 if sk = REQ-CS, Hs,; < Hg,, , then
14 sk = REP-CS;

act = REQ-LAMPORT;

Hg, .. = LAMPORT(S|cqr, act, sk);

tt(start,jeton, H, Si» H Sloral’S i,type,action, circle,content);

else if sk = REP-CS, Hs, < Hg,,, then

sk = REP-CS,

act = REQ-LAMPORT;

Hg,, .. = LAMPORT(Sjcqr, act, sk);

writelog(tt(start, jeton, Hs, , Hs, ., Siocal> type, action,
circle, content));

end
return RequestCriticalSection(sk,tt);
CriticalSection (sk,1t)
content = tt.content,
process(content);
remove_req_queue(tt);
sk = REL-CS;
act = REQ-LAMPORT,;
Hg,, ... = LAMPORT(S}yca1, act, sk);
tt(start, jeton, lamporty, Hg,,..» Si» type, action, circle,
content);
return multicast(NextCriticalSection());
NextCriticalSection ()
if req_queue # ( then
pop_req_queue(tt);
return CriticalSection(sk, tt);
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end
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giing hodc mdy chd roi mién ging dé€ nhuong cho may chi
tiép theo vao mién ging. Trong trudng hop tai cao, nghia la
cdc mdy chi yéu cau vao mién ging di nhan di thong diép
phan hoi theo song song héa thuat todn Lamport (dong 52
cua thuét toan 1) va trén hang dgi clia cac may chu luén cé
tién trinh sin sang vao mién ging. Mdy chi tiép theo dudc
thuc hién tic thi trong mién ging trong trudng hop tai cao
sau khi mdy chi trudc vira roi khéi mién ging, tham sb do
tré qud trinh ddng bo héa dudc xic dinh 1a T = 0.

Tham sb thoi gian hoi dap H dugc xdc dinh 1a khoang
thoi gian tir khi giii yéu cau vao mién ging cho dén khi
ra khdi mién ging. Theo mo ta trong hinh 7, H dugc tinh
bing cong thic sau [4]:

H=T+E, 3

trong d6 T 1a do tré qud trinh dong bd héa va E 1a thoi
gian thuc thi mién ging. Ddi v6i trudng hop dp dung song
song héa thuat toan Lamport, mdy chi dudc phép vao mién
ging ngay tai thoi diém mdy chii cudi cuing bat dau phan
hdi thong diép REP-CS sau thong diép REQ-CS. Nhu viy,
thoi gian hdi ddp dudc xdc dinh nhu sau. D6i v6i trudng
hop chd tiép nhan mdy chii cudi ciing bat diu phat thong
diép REP-CS, chungtac6 T=N-1,dod6 H=N-1+E.
Dbi v6i truong hop da tiép nhan di thong diép REP-CS
va dang nam trong hang dgi vao mién ging trong lugt tiép
theo, ching ta c6 T =0, do d6 H = E.

Tham sb thong luong hé thdng ky hidu 1a A dudc xic
dinh dua trén ty 16 ma hé théng thuc thi cic yéu cu trong
mién ging. A dugc tinh bing cong thic [4]:

1

A=—,
H

trong d6 H la thdi gian hoi ddp. Ddi véi truong hop tdi
thAp T=N—1thi A=1/(N-1)+E. DPbi véi trudng hop
tdi cao T =0thi A=1/E.

Ky hiéu X 1a s6 lugng trung binh thong diép vao mién
giing trén cac mdy chii. Dbi véi trudng hop tai cao, trén mbi
mdy chii déu c6 it nhat mot tién trinh yéu cAu vao mién
giing. Mot may chii cAn phdi phat N — 1 thong diép dé yéu
cAu vao mién ging. Vi vdy, X dugc xdc dinh nhu sau:
N—1+N+(N—1) _3N-2

N N N
Theo cong thic (5), néu sb lugng céc cic chi 16n (N — ),
s6 lugng trung binh thong diép trén cic mdy chi x4p xi 3.
Trong khi d6 thong s nay cho thuit todn Lamport nguyén
thiy 14 x4p xi 7 va cho thuat toan Ricart—-Agrawala 1a xap
xi 5 v6i s lugng mdy chd tuong tu.

“

&)

Déi véi viéc 4p dung song song héa thuit todn Lamport
trong thuc thi mién ging, thdi gian hodi ddp cla tién trinh
yéu cau mién ging va do tré qud trinh dong bo héa dudc
rit ngan. Két qua so sanh cdc thuat toan thé hién trong



May chu S;

Tip 2019, S6 2, Thing 12

Méy chu S2

Méy chu S 1

CS ctia May chu §;

Hinh 9. Hiéu nang thyc thi song song hoéa thuat toan.

Bang V
SO SANH HIEU NANG CUA THUAT TOAN LAMPORT
CAI TIEN TRONG LOAI TRU TUONG HO PHAN TAN

Thuat Thoi gian Do tré  Th. di¢p Th. diép
toan hoi didp  dong b  tai thap  tai cao
21] T +E T 3N-1) 3(N-1)
[22] T +E T AN=1) 2(N-1)
Caitin  T+E T N-1 N-1

bing V. Thuit toan Lamport cai tién khi 4p dung song
song hoa thuit toan Lamport dat dugc hi€u nang loai tru
tuong ho cao so vdi thuat toan Lamport va Ricart-Agrawala.

Theo két qué thyc hién trong hinh 9, 4p dung song song
héa thuit toan Lamport, tién trinh trén mdy chd S; vao
mién ging tai thoi diém 6 va trén may chi S, vao mién
ging tai thoi di€ém 8.

Tién trinh yéu cau mién ging trén mdy chii §; mo ta cho
truong hop tai thip: thdi gian hoi dip D = 8 dudc xic dinh
tl thoi diém gid tri dong hd 1a 1 cho dén lic phat thong
diép roi khoi mién ging tai thdi diém 8. So vé6i hinh 3,
S| phéi doi di thong diép phan hdi tif cac mdy chi con
lai tai thoi diém 8 mdi bat dau vao mién ging, do d6 S;
cé D = 10.

Tién trinh yéu cau mién ging trén mdy chii S, md ti cho
truong hop tai cao: thdi gian hoi dap D = 8 dudc xac dinh
tir thoi diém gia tri dong hd 1a 2 cho dén ldc phét thong
diép roi khoi mién ging tai thai diém 10. Trong trudng hop
tai cao, tién trinh trén S, da nhan du thong diép phan hoi
va chd vdo mién ging thi tai thoi di€ém 8 S, 1ap tic vao
mién ging. P&i v6i trudng hop nay, S, khong phai cho dgi
tiép nhan thong diép giai phong khodi mién ging tir S; nhu
mo ta trong hinh 3. Bén canh d6, theo mo ta trong hinh 3
néu thong diép giai phong tir Sy bi thét lac hodc phan manh
trong qud trinh truyén thi S, phéi chd dgi cho dén khi tiép
nhan ddy du, diéu nay din dén hiéu ning thuc hién bi giam.
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Trong bai bao nay, nghién ctu giai phap song song hoa
thuat todan Lamport nhdm cai tién thuit toan loai trii tuong
hd phan tan. Song song héa thuit toan Lamport cho phép
thiét 1ap mot trat tu tdng quat chit ché va ghi diu cic su
kién dién ra trén cidc mdy chii. Thuit toan cai tién gan dau
cho su kién yéu cau 3(N - 1) thong diép. Khi dp dung
song song hoa thuat toan Lamport trong thuét toan loai tru
tuong hd, tién trinh di vao mién ging yéu cau N — 1 thong
diép. Do d6, giai phdp cai tién ctia bai bdo dat hiéu ning
cao trong cii tién thuat todn loai trif tuong hd phan tan thé
hién trong bang V. Tuy nhién, dé€ dat dugc hiéu ning cao,
do phuc tap thong diép song song hoéa thuat toan Lamport
dé gin dau cho tién trinh yéu cau 3(N — 1) thong diép va
d6 dai thong diép 16n hon so vdi cac thuat toan gan dau
khic. Do d6, dbi véi hé théng tii cao thi song song héa
thuat toan Lamport phéi xit ly véi s6 lugng 16n cac yéu cau
gia tri dong hd 16-gic trong qua trinh hop luc. Vi vay, gidi
phéap d€ giai quyét tdi vu hé théng trong hop luc va truyén
thong can dudc tiép tuc nghién cifu.
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Tém tat: Dién toan ddm may 12 xu thé méi ctia cong nghé thong tin va truyén thong. Trong mo hinh dién todn ddm may
moi khé ning lién quan dén cong nghé thong tin déu dudc cung cip dudi dang dich vu, cho phép ngudi st dung truy cip
dén cédc dich vu cong nghé (phan cting va phin mém) tif cic nha cung cip dich vu. Pién toan ddm may l1a su tap hop
ctia nhiéu mdy chd vat Iy va mdy chd 4o, dudc ciu hinh d€ 1am viéc v6i nhau trén mdi trudng mang Internet. Mot trong
s6 cic vAn dé 16n nhét trong mdi truong dién todn dam may 1a bai todn 1ap lich ludng cong viéc. Hidu ning cla cdc hé
théng dién todn ddm may phu thudc rit nhiéu vao viéc sip xép cic tic vu trong ludng thuc thi trén cic mdy tinh trong
moi truong ddm may dé hoan thanh ludng cong viéc mot cach tdi wu. Trong bai bdo nay ching toi dé xuht mot thuat toan
lap lich ludng cong viéc méi dua trén chién luge t6i wu bay dan va tim kiém Tabu.

Tix khéa: Ldp lich ludng cong viéc, tim kiém Tabu, t6i wu bay dan, dién todn ddm may.

New Effective Neighborhoods for Tabu Search and Particle Swarm Optimization to Schedule Workflow in Cloud

Cloud computing is a new trend of information and communication technology that enables resource distribution and

sharing at a large scale. The cloud consists of a collection of virtual machines that promises to provision on-demand
computational and storage resources when needed. End-users can access these resources via the Internet and have to pay
only for their usage. Workflow scheduling is a big issue in cloud computing. Basically the issue relates to discovering
resources and allocating tasks on suitable resources. Workflow scheduling plays a vital role in the system management.
In this work, we propose a new algorithm for workflow scheduling that is derived from particle swarm optimization

Title:
Computing
Abstract:
and Tabu search.
Keywords:

Workflow scheduling, Tabu search, particle swarm optimization, cloud computing.

I. GIOI THIEU

V6i su phét trién ctia cong nghé thong tin va truyén
thong, dién todn dam may dugc Ung dung rong rdi trong
nghién ctiu khoa hoc va thuc tién. Moi tai nguyén trong
moi trudng dién todn dam may déu dudc cung cip cho
ngudi dung dudi dang dich vu, nhu: dich vu vé phan mém
(Saa$S: Software as a Service), dich vu co s6 ha tang (IaaS:
Infrastructure as a Service), dich vu nén tang ha ting (PaaS:
Platform as a Service). Nhiéu ting dung dugc mé hinh héa
du6i dang ludng cong viéc (workflow) bao gdm tip cdc tic
vu (task) va cdc phu thudc giita ching theo ki€u cha—con.
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Tic vu con chi dugc bt diu sau khi tic vu cha da hoan
thanh. Ung dung dang ludng cong viéc dudc st dung rong
rai trong nhiéu linh vuc: thién van hoc, tin sinh, du bao
dong dét, v.v. Hon nita, ngay nay céc tng dung ngay cang
phtc tap va doi hoéi phai xi 1i mot khdi luong 16n dit liéu,
chinh vi vy cic ting dung nay can phai dugc thuc hién trén
cdc hé thdng siéu mdy tinh, hé thdng tinh todn luéi, hay
dién todn ddm mAy. Lap lich ludng cong viéc (workflow
scheduling) 14 tim phuong 4n dé€ gan cic tac vu cta ludng
cong viéc vao thuc hién trén cic may ao (VM: Virtual
Machine) ctia méi trudng dién toan dam may nhim giam
thiéu thsi gian va chi phi thuc hién.
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Ludng cong viéc 1a mot chudi 6 thif tu céc tic vu cb
thé dugc thuc hién dong thdi hay tuan tu néu dif liéu dau
ra clia tdc vu ndy la dau vao cda tic vu ké tiép. Van dé
lap lich ludng cong viéc trong moi trudng dién toan dam
may vé ban chit 1a tim phuong 4n 4nh xa nhiing tic vu clia
ludng cong viéc téi cac may chl cia ddm may sao cho thdi
gian x{ 1y toan bo ludng cong viéc 1a nhé nhét, biét ring
khbi lugng tinh todn va yéu cau dif liéu ctia cdc tic vu, tde
do tinh todn va truyén thong clia cdc mdy chi 1a khac nhau.

Bai toan lap lich ludng cong viéc di dudc nghién ciu
tut nhiing nam 1950 va da dugc chiing minh la thudc
16p NP-Khé (NP-Hard) [1]. Trong nhiing nim gan day da
c6 rat nhiéu ting dung khoa hoc dugc md hinh héa béi
dang d6 thi ludng cong viéc nhu ting dung Montage [2],
CyberShake [3], Epigenomics [4], LIGO [5].

Phan tiép theo clia bai bdo c6 ciu triic nhu sau. Phan II
gi6i thiéu mot sé cong trinh nghién cifu lién quan dén bai
toan 1ap lich ludng cong viéc. Trong phan III chiing toi
trinh bay mo hinh ly thuyét bi€u dién ning lyc tinh todn
va truyén thong ctia ddm may dua trén mo hinh 1y thuyét
ndy. Phan IV dé xuét: (i) Phuong thic méi dé€ cap nhat
vi tri clia c4 thé; (ii) To4n tG 1an cin méi cho thudt todn
tim kiém Tabu nhiam thoat khéi cuc tri dia phuong trong
phuong phap PSO; va (iii) Thuét toan 1ap lich méi tén la
TSPSO. Phian V mb ta cdc thuc nghiém dudc tién hanh dua
trén cong cu md phong Cloudsim [6] va phan tich nhiing
s6 liéu thuc nghiém thu dugc. Phan VI tom tit nhiing két
qua chinh cia bai bdo va huéng nghién ciu trong tucng lai.

II. NHUNG CONG TRINH LIEN QUAN

Bai todn 1p lich ludng cong viéc thudc 16p NP-Khé nén
viéc tim 19i gidi ding cho cic ludng cong viéc c6 sd lugng
tdc vy 16n 1a khong kha thi. C6 nhiéu cong trinh nghién ctiu
nham tim ra 16i giai gin diing cho bai todn nay. Trong [7],
Dubey va céc cong su da dé xuét thuit toan lap lich diéu
phdi cdc tac vu clia ludng cong viéc trong mdi trudng dién
toan ddm may dua trén viéc cai tién thuat toan HEFT nham
cuc tiéu héa thdi gian hoan thanh ludng cong viéc, trong
cong trinh nhém tac gia da trinh bay tém tit cic cong trinh
nghién cifu lién quan dén bai toan 1ap lich ludng cong viéc
va dé xuat mot thuit toan 1ap lich méi dua trén thudt todn
HEFT, két qua thuc nghiém di chi ra thuat toin méi c6
thoi gian hoan thanh ludng cong viéc tdt hon thuit todn
CPOP va HEFT.

Manasrah va Ba Ali [8] da dé xuit thuat toan 1ap lich
ludng cong viéc trong moi trudng dién todn dam may dua
trén két hop gitta thuit todn di truyén va thuit toan t6i uu
bay dan, trong cOng trinh nhom tac gid da thuc hién khai
tao quan thé ban dau mot cach ngiu nhién, sau d6 thuc
hién cdc todn ti co ban clia thuit toan di truyén cho quan
thé, tiép theo sé ap dung thuat todn t6i uu bay dan dua trén
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quan thé da dugc tién héa bdi thuat todn di truyén. Két qua
thuc nghiém da chi ra thuat toan dé xuét lam viéc tét hon
thuét toan GA va PSO.

Grigoreva [9] da dé xuét thuat todn 13p lich diéu phdi
céc tic vu ctia ludng cong viéc vao thuc hién trén mot hé
théng da bo vi xi ly nhim cuc tiu héa thdi gian hoan
thanh ludng cong viéc. Tic gia di st dung két hop phuong
phdp nhanh can va k¥ thuat tim kiém nhi phan dé tim ra
phuong an xép lich c6 thdi gian hoan thanh ludng cong
viéc 12 nhd nhit.

Rajavel va Mala [10] da d& xuét thuat toan lap lich ludng
cong viéc dua trén nhu cau ctia khach hang nhu thdi gian
hoan thanh, chi phi thuc thi, v.v. qua d6 sé diéu phdi céc
tdc vu vao thuc hién trén cidc mdy chii nhim théa man
tot nhit nhu cau ctia khach hang. Cic tic gia trong bai
bdo [11] da dé xuit thuit toan EGA (Enhanced Genetic
Algorithm) 1ap lich bang phuong phdp di truyén. Trong
cOng trinh céac tac gia st dung thuit toan Enhanced Max
Min trong budc khéi tao quan thé nham tim ra cic cé thé
tét cho qua trinh tién héa.

Pandey va cong su [12] da dé xuét thuat toan lap lich
ludng cong viéc PSO Heuristic (PSO_H: Particle Swarm
Optimization Heuristic) trong modi trudng dién todn dam
maiy dua trén chién lugc t6i wu bay dan. Cu thé, ho da dé
xuAt mot thuat toan 1ap lich phan cip va dua vao cic tham
s6 dich vu khac nhau, ching han nhu thdi gian ddp tng.
Thuat todn s dung tham s6 nay nhu mdt quyén uu tién
d€ lua chon cdc tac vu 1ap lich. Cao va cong sy da trinh
bay thuidt toan ldp lich dua trén gidi thuat ABC (Activity
Based Costing) [13]. Thuat todn nay gan muc uu tién cho
mdi tic vu trong ludng cong viéc theo cic tham sb vé thoi
gian, khong gian, cic tai nguyén va chi phi, qua trinh lap
lich s& st dung miic uu tién nay dé quyét dinh céc tic vu
dugc chon trong qua trinh 1ap lich.

1. MO HINH LY THUYET
Trong bai bao nay, ching t6i st dung mot s6 ky hiéu sau:

e T={T,T»,..., Ty} 12 tip cac tac vu.

e S = {5,8,...,Sy} la tip N mdy cha trong moi
trudng dién todn dam may; mdi mdy chi S; c6 mot
nang luc tinh toan xdc dinh bdi P(S;), don vi tinh la
MI/s (million instructions/second).

« W; 1a khéi lugng tinh toan cta tac vu T;, don vi tinh
la flop (floating point operations).

o Mbi cip mdy chi déu dudc két ndi v6i nhau bdi mot
dudng truyén riéng c6 bing thong 1a B(S;,S i), v6i
B(-,-) 1a ham xdc dinh bang thong B : § X § — R*.
Do tinh chit clia bing thong, hién nhién ta c6:

Vl,] . B(Sl',Si) =00 va B(Si,Sj) = B(SJ,SI)



Hinh 1. D6 thi biéu dién mot ludng cong viée véi 8 tic vu.

« Xuyén sudt bai bdo, chiing t6i st dung hai tap chi sb
M={1,2,... .My vaN={1,2,...,N}.

Do thi ludng cong viéc dudc biu dién bsi d6 thi cb

huéng khong ¢6 chu trinh G = (V, E), vi du nhu § hinh 1,

trong d6 V 1a tap dinh, mdi dinh tuong ng véi mot tac vu
trong dd thi ludng cong viéc va E 1a tap canh, biéu dién
mbi quan hé gifta cic tic vu. Néu e = (T;, Tx) 12 mot canh
ctia d6 thi G thi 7; 1a tic vu cha clia tic vu Ty, va tic vu
T; sé giii t6i tac vu Ty, mot khdi lugng dit liéu 1a rdata®.

Pinh nghia 1 (Khai niém lich biéu): Mbi lich biéu dugc

bi€u dién bsi ham

f:T—S,

trong d6 f(T;) € S la may cha thuc hién tac vu T;.

Duéi day 12 mot sé tham sd ctia mo hinh:

« x% la bién logic, v6i x§ = 1 néu tac vy Ty dugc gan
vao thuc hién trén mdy chad S, néu khong thi xj? =0.
« df; 1a khéi lugng dit liéu dugc truyén tit mdy chi S;
t6i mdy chd S; cho tdc vu Tx néu x;? =1
o Iftime; ; la thoi gian truyén dif liéu tf may chi S; t6i
mdy chii ; cho tdc vy Ty néu df ;>0 vaxi =1:
k.
. i
tftime; ; = ——>—.
J B(Si, Sj)
. extime;‘. la thoi gian thuc thi tdc vu Ty trén may chu
S; néu xjf =1:

ko Wi
I P(S))’

extime

« ET* la thoi gian thuc hién tac vu Ty:

N

N N
k _ k . k -k k
ET" = E E di’szfttmei’jxxj+ E extime; X x;.
i=1 j=1 j=1

o W;/P(f(T;)) lathoi gian tinh toan tac vu T; v6ii € M.
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« D;j/B(f(T;), f(T;)) la thi gian truyén dit liéu gita
tdc vu T; va tdc vu con Tj;.
e« CT 1a thdi gian hoan thanh ludng cong viéc
(Makespan):
CT = max{ET*}.
keM

Tiép theo 1a cic diéu kién rang budc ctia md hinh:

a) xj?z()véimoikeMvajeN;
b) dﬁJZOVéimoii,jeNVakeM;
c) tdataf. > 0 v6i moi k € M,

d) tftime; ; > 0 v6i moi i, j € N;

e) extimef. >0 v6imoi ke MvajeN;

f) =1
J=1
N N
2) Zfo xd{‘j = tdatak; va
i=1 j=1
M N N M
>SS xdl =S data
k=1 i=1 j=1 k=1

Dinh nghia 2 (Ham muc tiéu): Him muc tiéu dugc xdc
dinh bang céch tbi thiu héa Makespan nhu sau:

N N
k : k
szi’j X tftime; ; X x;+

i=1 j=1

max
keM

N

extimef- xx;?} — min
J=1
trong d6 Makespan 2 thdi gian hoan thanh ludng cong viéc,
dugc tinh tir khi tic vu gbc dugc khdi dong cho téi thoi
diém tac vu cudi cung dudc thuc hién xong.

IV. GIAI PHAP DE XUAT
1. Ma héa ca thé

Theo phuong phdp PSO, tai budc lip thd k, ca thé thi
i trong dan dudc xac dinh bdi vector vi tri Xf (cho biét
vi tri hién tai) va vector dich chuyén V{F (cho biét huéng
dich chuyén hién tai). Trong bai toan xép lich dang xét,
hai vector d6 déu c6 sb chiéu bang s tic vu trong ludng
cong viéc, ky hiéu la M. Ca vector vi tri va vector dich
chuyén déu dugc biéu dién bing ciu tric di liéu bang
bam trong ngdn ngt 14p trinh Java. Ki hiéu vector vi tri
X; = (7Ti1,71','1,. . -’ﬂiM) voi TTij € S va Jj € M.

Vi du 1: Gid si ludng cong viéc gom tip tic vu
T ={1,T»,T5,14,Ts5,T6, T7} va dam may c6 tdp may cha
S ={51,55,83}. Khi d6, cd thé x; dudc biéu dién bang
vector vi tri (1;2;1;3;2;3;1) chinh la phuong an xép lich
ma theo d6 céc tac vu Ty, T3, va Ty dudc bd tri thuc hién
bdi may cha S, tdc vu T, va Ts dudc thyc hién trén S,
con tac vu Ty va Tg dugc thuc hién béi S3 (Hinh 2).
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2. Phuong phap cap nhat vi tri ca thé

Xét cong thic cAp nhat vi tri cd thé theo cong thic
gbc ctia PSO:

v{.‘“ = wvf + crrand; X (pbest; — xf-‘)
+ corandy X (ghest — x¥), ()
XKt = xk vk, 2

Hai cong thiic (1) va (2) cho théy, giéng nhu da s6 cic
metaheuristic khac, PSO vén dudc thiét ké cho dit liéu lién
tuc, cdc thanh phan cia vector dich chuyén vl].‘ 1a s6 thuc do
cong thiic (1) tinh vector dich chuyén c6 nhitng tham s6 1a
s6 thuc nhu rand;, rand,, c1, va c¢;. Nhung vi tip mdy chi
S 1a hitu han va dém dudc nén céc thanh phan cta vector
vi tri x; phéi 1a sb nguyén d€ c6 thé dnh xa t6i mot may
chii nao d6 noi ma tac vu tuong tGng sé dugc thuc hién,
ching han vector vi tri x; trong vi du 1 c6 cac thanh phan
lax;[1] =1, x;[2] =2, x;[3] =1, x;[4] =3 va x;[5] = 2.
Hau qua 12 hai vé ctia phép gan (2) khéc ki€u nhau, vé tréi,
x{.‘” [¢], thudc kiéu sb nguyén con vé phii, x{.‘ [z] + Vf.‘ [z],
thudc kiéu sb thuc.

D€ gidi quyét mau thudn nay, mot sé6 nghién ciu trudc
day nhu [12] da lam tron gia tri s& thuc & vé phai roi gan
cho bién vi tri x¥*!z ¢ vé trdi. K& qué la néu gid tri cua
vé phéi 1a 3,2 thi phan phdi tic vu tdi thuc thi tai mdy chi
c6 sb thif tu 1a 3, con néu vé phai 1a 3,8 thi tic vu sé& dudc
phan cho mdy chii c6 s6 thd tu 1a 4. Cach lam c6 vé tu
nhién nay thuc chit 13 gan mot vi tri dudc tinh todn cin
than theo chién lugc PSO cho mdy chii ma sb thi tu cla
n6 tinh c& diing bang gid tri nguyén sau khi lam tron. Cach
lam nhu vy di phd héng qud trinh tién héa tiing budc ctia
phuong phap PSO.

D€ gidi quyét vin dé trén, bai bdo nay dé xuit cich giai
quyét nhu sau: Gid trj thuc cta vé phai, x¥[] + vF[1], sé
dugc d€ nguyén khong lam tron, con vé trdi, x¥*[1], sé
dugc gan bsi dinh danh cia may chd c6 tbc do tinh todn
gan v6i gia tri clia vé phai nhit so v6i cidc mdy chi con lai.
Lam nhu vy tac vu sé dugc gan cho may chu cé ning luc
phu hgp véi gia tri dugc tinh toan theo PSO. Nhu vay,

k+1 .
X; [t] « j
néu, v6i moi S, € Svare M, tacd

|P(S;) = (x [e] +VE[ED] < IP(S,) = (xf [l +vE[ED] ()

Vi du 2: Gia thiét tdp mdy chii S trong vi du 1 ¢6 tdc do
tinh toan dugc liét ké trong bang 1. Gia st & budc thd k+1
tdng Xf +Vf.< = (4,4,2,1,6,7;5,6;10,2) thi vector vi tri Xf“
sé dugc gan bang (3;1;2;2;2). Nghia la ca thé d6 tuong
ting v6i phuong 4n xép lich nhu mo ta trong hinh 3. That

viy, thanh phan thd nhit cta vector vi tri X{f” [1] sé nhan
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T T T3 1y Ts Ts T;
Ltl2]t]3[2]3]1]

Hinh 2. M5 ta ludng cong viéc trong vi du 1.

T
LS

T T3 T Ts
Si [ S S8 |

Hinh 3. M5 ta phuong an xép lich trong vi du 2.

) Bang I
TOC PO TINH TOAN CUA CAC MAY CHU

May chi S;  Tbe do xit Iy P(S;)
Si 3,1
S» 5,2
S3 4,1
k+1

gia tri 3 (x;" [1] « 3), nghia la tac vu T} s€ dudc gan cho
mdy chu S3 bédi vi

|P(S3) —4,4| < |P(S,) — 44| VS, €8.

Nghia 13, trong 3 mdy chii thi mdy S3 c6 téc do tinh todn
gin v6i gid tri 4,4 nhit so v6i 2 mdy chi con lai, theo
bang I, do d6 tac vu T} dudc gan cho mdy chd S3 dé thuc
hién, tic la f(7T}) = S3. Phép gan tuong tu ciing dudc thuc
hién véi bbn tac vu con lai 1a T, T3, Ty va Ts.

Vin dé tuong tu ciing xdy ra v6i phép trii hai vector
vi tri trong cong thic (1): (pbest; — x¥) va (gbest — x).
Mot s6 cong trinh hién c¢6 nhu [10] chi don gian thuc hién
phép trit cic thanh phan sb nguyén rdi gan cho mdy chi
¢6 sb thi tu tuong ung. Vi du néu pbest; = (2;4;3;3;5) va
xf‘ =(1;3;2;1;2) thi

phest, —x = (2-1;4-3;3-2;3-1;5-2) = (1;1;1;2; 3).

Nhu da giai thich & trén, cach 1am niy thuc chat 12 gin
céc tac vu cho nhiing mdy chi ma sb thi ty cda né tinh
co diing bang két qua phép trii. Cach lam mang tinh ngiu
nhién nhu vay di phd hdng qua trinh tiing budc tiép can téi
vi tri cuc tri ctia phuong phap PSO. Bai bdo nay dé xuat
mot “phép tru vector” ap dung riéng cho cong thic (1) nhu
sau. Gia st

pbest; = (xj1,Xi2, ..., Xip) VOi xix € S Vk,

X; = (le,sz,. . .,ij) véi Xjk € S Vk.
Khi d6 két qué phép trit pbest; — x; dugc tinh nhu sau:

pbest; —X; = (y1,¥2, .-, YMm)>
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Thuét toan 1: Todn ti 1an can BE(x;, p1, p2)

Thuét toan 2: Todn ti BS(x;)

Dir liéu vao: Vector (7, ..
Du liéu ra: Vector (71, ..
S| « remove(n, pl);
if P(np2) > P(np1) then
| insert(x;, 7, py — 1,81);
else
| insert(x;, 7, p2,S;i);
end
if P(7,5) > P(mp1) then
‘ Sy « remove(x;, m, p2);
else
‘ Sy « remove(X;, 7, pr+1);
end
insert(X;,m,p1 — 1,872);

Tt
Ttn).

.,ﬂpl,...,ﬂpz,.
S Tp2s e Ml

E-EE-CRE B 7 I L I

—
R o=

v6i cac thanh phan y; (k € M) 1a céc s6 thuc, dudc cho bdi
quS B(xik’xq)
N-1
quS B(xjk’xq)
N-1 ’

Yk = {P(-xik) +
- :P(Xjk) +

Theo céach tinh ndy, cic may chi dudc xép thi tu theo
tdc do tinh todn va bing thong clia nhiing dudng truyén két
ndi téi né. Vi du 3 sau dy sé minh hoa cu thé hon.

Vi du 3: Ta tiép tuc st dung tdp may chd trong vi du 2.
Gid st lbest; = (2;1;2;1;1) va x; = (3;2;1;2;1). Vay ta
co lbest;—X; = (¥1, Y2, Y3, Y4, ¥5) V6i y1 dudc tinh nhu sau:

3(52,51)+B(52,53)}

3-1
» V5.

yi = {P(Sz) +

_ {P(S3) N B(Ss,Slgtlf(S&Sz)

Céch tinh tuong tu dudc dp dung cho y,,...

3. Bién phap thoat khdéi cuc tri dia phuong

Phuong phiap PSO néi riéng va cac phuong phap tim
kiém tién héa néi chung doi khi bi mac ket tai cac 16i giai
cuc tri dia phuong ma khong thé thodt ra d€ di tdi 10i giai
tot hon. Bai bdo nay dé xuét cic todn ti 1an cin mdi va st
dung phuong phdp tim kiém 14an cin Tabu Search cho ca
thé ghest d€ tim kiém phan tif ghest méi tot hon va qua dé
dinh huéng quan thé dich chuyén sang ving tim kiém méi.

Thii tuc tim kiém ldn cdn: Tabu Search la phuong phap
tim kiém 1an can dudc dé xuit bdi Glove nim 1986 [14, 15].
Phuong phip nay da dugc tng dung vao tim 15i giai gan
ding cho nhiéu bai toan t6i wu t& hop. Phuong phap Tabu
Search bat diu tir mot 16 gidi ngiu nhién ciia bai toan, sau
d6 sé dp dung mot s6 cac todn tif 1an cin d€ sinh ra 10i gidi
méi, qué trinh nay dudc lip di lip lai cho dén khi tim ra
161 giai t6i uu hoic théa man diéu kién cla bai toan. Bai
bdo nay d€ xuit céc toan ti 1an cAn méi st dung cho thuat
toan Tabu Search.
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Dir liéu vao: Vector (7y,mp,...,7,).
Dir liéu ra: Vector (n, mn,. .. ,71';;).
1 S; « max{P(Sy), P(S2),...,P(Sn)};

2for i=1;i<M; i++) do

3 | M;=makespan((my, ..., 7i_1,8i, Tisls---»Tn));
4 end

5 k « min{M;};

6 J «— remove(X;,m, k);

7 insert(X;, m k+1,7);

Thuét toan 3: Tabu_Search(x;)

Dir liéu vao: Vector vi tri x;.

Du liéu ra: Vector vi tri x; ¢ f(xg) < f(x;).
1 Khdi tao budc lap ¢ « 0O;
2 while diéu kién lip do

3 Khdi tao ngdu nhién ry va r, trong doan [1, M];
4 x; «— BE(x;,r1,r2);

5 x; <« BS(x;);

6 if f(xr) < f(x;) then

7 | return x;;

8 else

9 | return x;;

10 end

1 te—t+1;

12 end

Goi remove(x;,m,p) la toan ti loai bd phan t =,
trong vector vi tri cla cd thé x; = (my,72,..., 7).
Sau khi thyc hién toan t nay ta cé vector mdi la
(M1, 72, o, =1, Wpals - -, Tn). Goi insert(X;,m p,S;) la
todn tl chén vao vi tri p trong vector vi tri clia c4 th€ mdy
chi méi 1a S;. Sau khi thyc hién todn ti nay ta c6 vector
méi 1a (my,7m2,...,7p-1,8i,Tp, ..., m,). MOt todn ti lan
cin Best Exchange (BE) hoan d6i vi tri ctia hai mdy chi
tai vi tri py va p; tuy theo nang lyc cia may chu dudgc mod
ta trong thuat toan 1.

Toén tit Best Swap (BS) tim ra vi tri tot nhit p trong
mot ca thé x; = (1,72, ...,7,) va thuc hién hodn chuyén
hai vi tri p va p + 1. Vi tri t6t nhét dudc tinh todn dua
trén gia tri Makespan cta phuong an hién thoi. Toan ti BS
dudc md ta trong thuét toan 2.

4. Thuét toan dé xuit TSPSO

Téng hop nhitng cai tién néi trén, thuat toan dé xuit véi
tén goi TSPSO dugc mé ta nhu trong thuit toan 4. Thuit
todn hoat dong theo phuong phéap PSO theo d6 tai mdi
budc 1ip cic c4 thé cAp nhat vi tri clla minh huéng t6i vi
tri tot nhit clia quan thé (ghest), ddng thdi c6 dua trén kinh
nghiém cé nhén (pbest;). Néu sau K thé hé lién tiép ma
cd quan thé khong cai thién dudc mot ciach ding ké gia
tri ghest (muc chénh khong vuot qua w) thi chiing td quan
thé dang hoi tu tai mot cyc tri dia phuong. Khi dé thi tuc
Tabu_Search (Thuét todn 3) dugc goi dé€ tim ra ca thé ghest
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méi va cd thé nay sé di cu ci quan thé t6i mot viing khong
gian mdi, tai d6 qué trinh tim kiém dugc tai khdi dong.

Tiép theo ta tim hi€u do phtc tap ctia thuat toan TSPSO.
Tru6c khi thuc hién thuit toan chinh TSPSO ta can phai
sap xép cdc mdy chi thuc thi theo thi tu ting dan ctia tbc
dd thuc hién, gii thuat sap xép c6 do phiic tip vé thdi gian
1a O(nlog(n)). Thu tuc tinh ma trin thoi gian thyc thi clda
mdi tic vu trén cdc may chd c6 do phiic tap thdi gian tinh
toan 1a O(M x N), trong d6 M 1a sb tic vu, N 1a sé6 may
chii. Thi tuc tinh ma tran thdi gian truyén dit liéu giita cac
mdy chii c6 do phic tap tinh todn 1a O(N?). Trong thuét
toan TSPSO thi thd tuc khdi tao sé& khdi tao cac c4 thé cia
quan thé mot cach ngiu nhién, mdi cé thé dudc ma héa bsi
mot véc to do dai M, do vay do phuc tap cua thu tuc khdéi
tao 12 O(M x SCT), trong d6 SCT la s6 ca thé trong quan
thé; trong thuc nghiém ching t6i st dung SCT = 100. Him
tinh thdi gian thuc hién (makespan) ctia mdi phuong dn xép
lich 12 O(M?). Thuat toan Tabu_Search c6 d6 phiic tap 1a
O(M?). Trong bai toan 1ap lich ludng cong viéc, thudng sd
tac vu 16n hon s6 mdy chii (M > N), do vdy dd phic tap
ctia thuat todn TSPSO Ia (S6 thé hé) x O(M?).

V. KET QUA THUC NGHIEM
1. Phian nhém dir liéu thuc nghiém

Dit liéu vé tbc dd tinh todn ctia cic mdy chd va bing
thong gitta cac mdy chd dugc 14y tir cic cong ty cung cip
dich vu cloud [16] va dia chi website http://aws.amazon.
com/ec2/pricing.

Dii liéu ludng cong viéc dugc lay tir cic bo dit liéu thi
nghiém dugdc xdy dung theo do tru mat khac nhau va céac
ludng cong viéc tif cac dng dung thuc té nhu tng dung
Montage [17].

Nhiing dit liéu d6 dudc téng hop lai va chia thanh hai
nhém nhu sau. Nhém 1 1 cic ludng cong viéc ngiu nhién
v6i sut khac nhau vé hé sd @ va nhém 2 1a cic ludng cong
viéc tir ting dung Montage. Hé s6 @ dudc xdc dinh nhu sau:

US| S—
Mx(M-1)/2

Tham s6 a cho biét dd thi G phan thanh bao nhiéu cép,
mdi cAp cé nhiéu hay it tic vu, néi cich khac @ phan dnh
do tri mat ctiia do thi G. Khi lam thuc nghiém v6i mbi
nhom, s may chii va sb tic vu dudc giit cb dinh con ty 1&
@ 1an lugt thay ddi nhu trong hinh 4.

2. Tham s6 chu hinh hé thong

Céc tham sb ciu hinh ctia dam may dudc thiét 1ap trong
mién gia tri nhu sau: téc dd tinh toan ctia cic mdy chii P; €
[1;250] (MUs); khdi lugng di liéu gilta cic téc vu D;; €
[1;10.000] (Mb); bing thong gita cdc mdy cha B(S;, S;) €
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Thuat toan 4: Thuit todn TSPSO
Dt liéu vao: Tap T, tdp S, mang W[1 X M], mang P[1 X
N], mang B[N X N], mang D[M x M],
hing s6 K, d6 léch w, va sb ca thé SCT
Dir liéu ra: Loi gidi t6t nhit ghest
1 Khéi tao nghu nhién vector vi tri va vector dich chuyén
cla ca thé i;
2 Khéi tao budc 1ap ¢ « 0;
3 while diéu kién Lip do
4 for i =1 to SCT do
Tinh vector vi tri x; theo (3);
M; = Makespan cia cé thé x;;

end

for i =1 to SCT do

if pbest; < M; then
| pbest; = M;;

end

o ® 9w

10
11
12
13
14
15
16
17
18
19

end

gbest = min{M;},;

for i =1 to SCT do

Cép nhat vector vf.‘ theo (1) va (3);
Tinh x; theo (2);

end

te—t+1;

if sau K thé hé ma do léch giita cdc ghest khong
vugt qua w then
| gbest = Tabu_Search(gbesr);

end

20
21
22 end

23 return gbest;

[10; 100] (Mb/s); hé s6 quan tinh w = 0, 729; hé s6 gia tdc
c1 = cp = 1,49445; hﬁng sb K = 30; sb ca thé SCT = 25;
do léch € = 0,21; hé s6 a € [0,2;0,7].

3. Qua trinh tién hanh thuc nghiém

D€ kiém chiing thuat toan dé xuat TSPSO chiing toi da sit
dung cong cu mo6 phdng Cloudsim [6] d€ tao 14p méi trudng
dam may két hop v6i dit liéu ludng cong viéc clia tng dung
Montage [17]. Cac ham cta géi thu vién Jswarm [6] dugc
st dung dé thuc hién cac phuong thic tbi vu bay dan. Déi
tugng so sanh la cac thuat toan PSO_H [12], EGA [18] va
Round Robin [19].

Cac chuong trinh m6 phéng dudc viét bing ngdn ngit
Java va chay trén mdy tinh ca nhén véi b vi xt ly Intel
Core i3, 2,2 GHz, RAM 4 GB, va hé diéu hanh Windows 7
Ultimate. Thuc nghiém dudc tién hanh mot cach doc 1ap 30
lan trén moi bo dif liéu thuc nghiém.

4. Két qua thuc nghiém

Hinh 4 cho thdy su chénh léch vé& thdi gian xi ly
(makespan) ctia 15i giai tot nhat ma thuit toan d& xuét
TSPSO va cac thuit toan d6i ching (PSO_H, EGA, va
Round Robin) tim dugc khi chay trén cac bd dir liéu khac
nhau thudc ca 2 nhém ludng cong viéc ngau nhién va ludng
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KET QUA THUC HIEN THUAT T(?A?%/gl CAC BO DU LIEU NGAU NHIEN
K hicu RRTSM PSO_H TSPSO EGA
STD Mean Best STD Mean Best STD Mean Best STD Mean Best
T532 - 18,7 18,7 4,7 9,9 7,1 1,0 7,2 7,0 34 9,8 7,0
T1031 - 33,1 33,1 2.4 20,4 17,4 1,1 18,3 16,5 1,2 20,4 16,8
T1032 - 16 16 2,0 8,2 3,5 1,2 5,1 3,5 1,8 8,1 3,5
T1035 - 18,9 18,9 2,5 9,7 52 1,8 6,8 39 2,3 9,7 49
T1051 - 23,7 23,7 1,5 21,5 16,4 1,1 17,6 14,8 1,4 19,1 16,1
T1054 - 252 252 20 20,7 189 09 190 173 13 205 17,6
T2081 - 72,7 72,7 52 442 34,1 2,7 37,8 32,4 3,7 41,9 35,1
T2083 - 20,3 20,3 2,2 21,2 19,8 0,5 19,4 18,2 1,4 20,3 19,6
T2084 - 72,0 72,0 6,1 44,7 37,4 2,7 39,3 34,1 32 42,5 36,5
T2086 - 325 325 15 26,2 228 12 214 174 14 254 22,6
) Bang III
KET QUA THUC HIEN THUAT TOAN VGI CAC BO DU LIEU TU UNG DUNG MONTAGE
K¢ hicu RRTSM PSO_H TSPSO EGA
STD  Mean Best STD  Mean Best STD Mean Best STD  Mean Best
M2032 - 162,7 162,7 49 142,7 131,6 3,6 1234 129,0 53 135,5 130,1
M2051 - 146,6  146,6 54 132 121,8 3,3 1234 1157 4,5 131,7 1233
M2531 - 465,0 4650 18,7 3734 3455 13,0 3464  336,1 7,0 352,7 3394
M2532 - 1838 1838 39 110,7 101,5 1,5 1047 101,2 1.4 1121 1045
M2533 - 3229 3229 4,0 3114 311,7 0,5 312,5 3116 0,5 3152 311,8
M2581 - 300,6  300,6 15 261,3  232,1 6,1 236,1 2234 6,5 246,2 2319
M2582 - 1339 1339 5,1 84,8 77,9 4,7 81,4 72,3 2,9 85,1 77,6
M2583 - 236,5 236,5 8,3 239 224 53 221,3  215,7 4,7 2335 2214
M5081 - 155,8 1558 6,3 108,0 95,0 5,5 101,7 91,5 32 107,8 96,6
M5082 - 82,1 82,1 0,9 14,0 18,1 0,8 12,6 13,1 0,5 14,0 14,8
M5083 - 101,7 101,7 43 98,3 89,8 43 90,0 80,2 1,8 95,3 88,5

cong viéc tif ting dung Montage. Két qua thuc nghiém dugc
trinh bay chi tiét trong cic bang II va III va hinh 4. Két
qué so sanh gita gia tri trung binh tinh dugc bdi thuit
toan TSPSO véi cac thuat todn ddi sanh, trong hau hét céc
truong hop thuat toan TSPSO déu cho két qué tot hon céc
thuat toan d6i sanh, gid tri trung binh tim dudc bdi TSPSO
nhoé hon gid tri trung binh tim dugc bdi PSO_H tu 4%-—
11% va nhé hon gia tri trung binh tim dude bdi thuit toan
EGA tr 2%—7%.

Céc hinh nay ciing so sanh giifa gid tri tot nhit tim dudc
bsi thuat todn TSPSO véi cac thuat todn dbi sanh, qua d6
ta thdy gid tri tot nhat tim dugc bdi TSPSO nhé hon gid tri
tot nhat tim dudc bdi PSO_H tit 2%-9%, va nho hon gia tri
tot nhit im dude bdi random tlt 20%—40%; gia tri tot nhat
tim dudc béi thuat toan TSPSO nhd hon gi4 tri tot nhét tim
dugc béi thuat toan EGA tir 1%—8%. K&t qua so sanh gitta
dd 1éch chuin tim dugc bdi thuit toan TSPSO véi cac thuit
toan ddi sanh, gid tri do léch chuin ctia TSPSO déu nhé
hon d6 1éch chuin cia cac thuit toan RRTSM, PSO_H va

EGA, diéu d6 chiing té thuat toan TSPSO c6 chit lugng
16 giai tot hon cac thuat todn d6i sanh va do 6n dinh trong
cdc 1an chay ciing tot hon.

VL. KET LUAN

Bai bdo nay da trinh bay mot kién tric l1an cian mdi cho
thuat toan Tabu Search va thuét todn Toi wu bay dan dé tim
161 giai gin diing cho bai todn lap lich thuc thi ludng cong
viéc trong moi trudng dién toan dam may. Nhiing két qua
chinh gém c6:

« Dé xuit mot phuong thiic méi d€ cap nhit vi tri cia ca
thé bang cach anh xa mot gia tri thuc t6i may chii c6
tdc do tinh toan va bing thong gan vdi gid tri d6 nhat.

« Dé xuit cong thic tinh vector dich chuyén clia c thé
thi i theo gid tri gbest va pbest;.

o D& xuét hai toan ti lan can méi cho thuit toan tim
kiém 1an can Tabu Search dé chuong trinh thoat ra
khoi cuc tri dia phucng bing cach dich chuyén cac ca
thé t6i mot mién khong gian tim kiém méi.
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Hinh 4. So sanh cac thuit todn véi cac bd dit liéu khic nhau:
T532, T1051 va M2032.

« D& xuit thuat toan TSPSO st dung phuong thiic cip
nhat vi tri cd thé va thd tuc Tabu Search d€ tim kiém
16i giai cho bai todn lap lich thuc thi ludng cong viéc
trong moi trudng ddm may.

Nhitng két quéa thuc nghiém dugc tién hanh v6i nhiéu
bo dit liéu thuc nghiém khac nhau da chiing té chét luong
161 gidi tim dugc bdi thuat todn dé& xut tot hon so véi cac
thuat toan d6i ching 1a thuat toan PSO_H, thuit toan EGA
va thuit toan Round Robin. Vé huéng cong viéc tiép theo
chiing t6i du dinh dé xuit mot kién triic 1an cin méi phu
hop véi bai toan nhiam nang cao kha ning tim kiém tong
thé qua d6 nhiam dat dugc 16i giai c6 chit lugng tdt hon.
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Tém tit: Bai bdo ndy dé xult mot phuong phép sinh ludt md dua trén ciy quyét dinh va dai sb gia tit d€ xdy dung hé
luat md gidi bai todn hodi quy. Thuat todn dugc thit nghiém trén 9 bai toan mau va ddi sanh véi cac phuong phap da c6
PAES_KB vi HA-MG-PAES-Kmax trén cic muc tiéu do chinh xdc va do phifc tap ctia hé luat. K&t qua déi sanh cho théy
thuat todn dé xuit cho két qua t6t hon.

Tix khéa: Hé ludt mo, dai sé gia tik, cdy quyét dinh, bai todn hoi quy.

Title: A Method to Generate Fuzzy Rules based on Decision Tree and Hedge Algebras for Building Fuzzy Rule based

Systems for Regression
Abstract:  This paper proposes a method to generate fuzzy rules based on decision tree and hedge algebras for building fuzzy rule-
based systems for regression problems. The proposed method was experimented on nine regression problems and was
compared to two existing methods PAES_KB and HA-MG-PAES-Kmax on two objectives including the accuracy and
complexity of rule-based systems. Comparative results show that our proposed method outperforms the existing ones.

Keywords:  Fuzzy rule-based system, hedge algebra, decision tree, regression.

1. MO PAU Mot sb dé xuét sinh lut tir ciy quyét dinh (decision tree)

Cich gidi quyét cac bai toan phan 16p va hdi quy bang hé
luat md (FRBS: Fuzzy Rule based System) nhan dudc nhiéu
su quan tdm cta cac nhém nghién ciu, nhu: Acald va cong
su [1], Antonelli va cOng su [2], Ishibuchi va Nojima [3, 4],
Pulkkinen va Koivisto [5], Cordén va cong su [6], Nguyén
Cat Hd va cong su [7-9], Aghaeipoor va Javidi [10]. Cac
nghién ciu di d& xuét chi yéu tip trung tim kiém céc
phuong phap xay dung FRBS cho bai todn phéan 16p, con
bai todn hdi quy chua cé nhiéu nghién ctu dé cap t6i [1].
Khi xay dung FRBS gidi cic bai todn nay ching ta chd yéu
gidi quyét ba vin dé chinh: thiét ké phan hoach md (ngit
nghia tinh toan cda tw), sinh tip cdc luat mg ung cu, tim
kiém hé luat mo tdi vu.

V& van dé sinh luat ting ct, cic phuong phép tiép cin
dua trén 1y thuyét tip md thudng sinh luat bing cach tS hop
tAt c4 cdc gia tri ngdn ngii st dung cho cic bién [1-4, 11].
Nhugc diém ctia huéng tiép cin nay la khi tip dit liéu c6
nhiéu thuoc tinh thi khong gian tim kiém lut sé& rét 16n.
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cho bai toan phan 16p [5, 12-14]. Phuong phéap nay da lam
giam dang k& s luat phai xem xét nhd vao cédc ky thuat
nhu 12 han ché chiéu cao va cit tia cdy, tuy nhién lai gip
kh6 khin trong qua trinh t6i wu tham sb tap ma.

Véi huéng tiép can theo ly thuyét dai sb gia ti (DSGT),
trong [7-9] Nguyén Cat Ho va cong su dé xut mot phuong
phdp sinh luét tif miu di liéu. Theo d6, mbi mau dit liéu
sinh ra mot luat c6 do dai n bang sd thudc tinh cla tip
mau di liéu, tif cdc luat nay sinh cac luat c6 do dai Imax
nho hon cho truée (Imax < n). V6i phuong phéap sinh luit
ting cti nay thi sb luat t6i da phai xem xét giam di dang
k€ so véi phuong phap sinh luit t§ hop. Tuy nhién theo
huéng tiép cin nay chiing ta vin phai xem xét mot sb lugng
luat kha 16n.

Trong bai bdo niy ching toi dé xuit mot phuong phap
xdy dung FRBS giai bai toan hdi quy véi cac luat dudc sinh
ra bang cay quyét dinh va DSGT. Thuat toan giai quyét ca
hai vin dé sinh luit va t6i wu tham sb clia cdc tip mo.
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Hinh 1. Hé¢ khoang tuong tu cua cac tir c6 do dai khong qua 2.

Thuét toan d& xuit gdm hai pha. Pha thii nhét t6i wu tham
s6 ctia DSGT st dung cho mbi bién ciia bai toan. O pha
nay chiing toi stt dung thuit giai di truyén dé tim kiém tham
s6 t6i wu. Pha thi hai, v6i bo tham sb t6i uu ctia DSGT
tim dugc cta pha thi nhit, ching t6i xay dung cic DPSGT
va st dung ching dé€ chuyén ddi tap dif liéu gia tri s6 clia
bai toan thanh tdp dir liéu gia tri ngén ngll tuong ung. Tu
tap dif liéu ngdn ngit cAy quyét dinh dugc xay dung, tif ciy
quyét dinh sinh ra tip luat Gng ci va st dung thuit todn
cdi tién (24+2)M-PAES dudgc st dung dé tim FRBS tbi uu.

Thuit todn dé& xuit dudc thii nghiém trén 9 bai toan hdi
quy va dbi sanh két qua thu dudc trén cic chi sb do phic
tap clia hé luat va gid tri sai sd trung binh phuong véi cic
thuat toan cung hudng tiép can PAESkg [1] va HA-MG-
PAES-Kmax [8]. Két qua dbi sdnh cho thiy thuat toin dé
xuét cho két qua c6 do chinh xéc tot hon.

Phan con lai cda bai bao dudc bd cuc nhu sau. Phan II
trinh biy bai toidn hdi quy va phuong phdp gidi bai todn
hdi quy bing hé md dua trén dai sb gia ti. Phan III trinh
bay phuong phap sinh luidt md dua trén ciy quyét dinh
va DSGT. Phan IV trinh bay thuit todn xiy dung hé luat.
Phan V trinh bay két qua thit nghiém. Cudi cung, Phan VI
rit ra mot sd két luan.

II. BAI TOAN HOI QUY VA HE LUAT MO MAM-
DANI DUA TREN PSGT

1. Bai toan hoi quy

Cho mot tap mau di lisu D = {(x;,y;), i=1,2,...,N},
trong d6 x; 12 mot véc-to n chidu c6 dang (x;1, X2, . . ., Xin)
voi x;; € Uy C R, Uj 1a mién xdc dinh ciia cic bién doc
lap X; (thudc tinh dau vao) cda bai todn (j=1,2,...,n),
v € Ups1 € R, Upyq 12 mién xdc dinh cta bién phu thudc
Y (thudc tinh dau ra), N 1a s6 mau dit liéu.

Tu tap dif liéu mau D xdy dung mot hé md dua trén
luat cho phép tinh gid tri § ting véi mdi gid tri dau vao
xeU=U; x...xU,.
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2. Giai bai toan hoi quy bang hé luit moé Mamdani
dua trén DPSGT
Giai bai toan hdi quy bang hé luit md Mamdani 1a xay
dung mot hé cac luadt mé Mamdani c6 dang
Rm o if X1 is Al,jmv'- .y Xn is An,jm

then Y is Aniq j,,»

ey

dé du dodn gia tri dau ra § Ung vé6i gid tri dAu vao x c6 n
chiéu. Trong (1),

Aij, €Li= {{Ai,O} UXk) = {Ai1, A2, - -,Ai,|x(ki)|}} ,

voii=1,2,...,n+1, trong d6 X, la tAp cdc tr ngdn
ngit c6 dd dai khong qua k; dugc sinh ra bang PSGT AX;
tuong dng, va né dudc st dung d€ xiy dung phan hoach
thudc tinh thit i, A ¢ o c6 gid tri la Don’t care v6i ham thudc
ddng nhit bang mot. Chi ¥, L, khong chita gia tri Don’t
care vam =1,2,..., M, v6i M 1a sb luat ctia hé.

Tuong tu nhu cdc dé xuét trong [1, 2, 8, 9], ching toi st
dung phuong phap trung binh trong s6 dé suy dién gia tri
$ tt hé luat khi biét véc-to diu vao x; theo cong thiic sau:

Zn}\le Hm (X,’)Anﬂ’jm

S RyES ®
véii=1,2,...,N, trong dé
n
(i) = [ | ag, Geip)
f=1
la do dbt chdy ludt thit m cia miu dit liéu x;, A,

la gid tri dinh luong cla hang tU ngdn ngt A,41,j, va
Ha, () 1a ham thudc cia tf ngdn ngli Ay ;. Trong (2),
néu M 11, (x;) = 0, c6 nghia 12 hé ludt khdng phii miu
dit liéu x;, khi d6 $ dugc suy dién theo phuong phip dé
xudt trong [1].

Dé ddnh gia d6 chinh x4c clia hé luat da xay dung, chiing
t6i dua vao gid tri sai s6 trung binh phuong (MSE: Mean
Squared Error):

N
1
MSE=—§ D: — vi)>. 3
2N[:](y yi) 3)
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n+l

Thuét toan 1: BuildDecisionTree(D, {x;}!"*,

1 Dt liéu vao: Co s dif lidu ctia bai toan D; bd tham sb
cua cac BSGT {r; l’.‘:ll; chidu dai t6i da ciia cdc hang
tir sinh ra tit PSGT k; chiéu cao t6i da clia cdy lmax.

Dir liéu ra: Cay quyét dinh T.

k, Imax)

fori=1ton+1do
Xay dung DSGT AX; tucng tng véi bd tham sb 7;;
Sinh tap cdc to X(x,y;
Sinh h¢ khodng tinh md tuong tu S(x,);
end
D = Chuén héa D v& doan [0, 1];
D = Chuyén d6i D; thanh cd sé dit liéu ngon ngit dua
trén cdc hé khoang tinh md {S (ki)}?:ll;
Xay dung cay quyét dinh T c6 chiéu cao tbi da Imax tit
cd s6 dit liéu D, bing thuat toan C4.5;
return T,

LR B N7 I NS
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Trong (3), ; va y; 1an luct 1a gia tri suy dién tir hé luat
va gid tri quan sit tuong tng vdi gia tri dau vao x;. Gia tri
MSE cang nhd thi hé luat ma cang chinh xac.

1. PE XUAT PHUONG PHAP SINH HE LUAT
MO DUA TREN CAY QUYET PINH VA PSGT

1. Hé khoang tinh mo twong tu cta tir ngoén ngir

DSGT dugc Nguyén Cat Ho va cong su dé xuét 1an dau
tién trong [15], xay dung mdt phuong phap hinh thic sinh
céc tu ngdn ngll va anh xa tu ngdn ngl t6i cac gia tri dinh
lugng tuong tng trén doan [0; 1]. BSGT gidp ching ta ¢
thé sinh ra c4c dang ngif nghia khic nhau cta tif ngdn ngit
tlf ngif nghia von c6 cia tif bao gdm: gid tri dinh lugng
vx(x), khoang tinh m& fm(x), khoang tuong tu [7]. Goi
X(x;) 1a tap cdc tir ¢6 do dai khong qua k; cta bién X;.
Tap S(,) cac khoang tuong tu ctia cic tii trong X(x,) hinh
thanh mdt phan hoach trén U va gia tri dinh lugng ngt
nghia ctia moi tf x € X(x,) 1a vx(x) € T(x), § d6 T(x) la
khodng tuong tw cua ti x. Cac gia tri ctia khoang tuong
tu T'(x) dudc coi nhu 1a tuong tu nhau va véi gia tri dinh
luong ngit nghia v (x) clia x vdi mot cip do k;, k; cang 16n
miic do tuong tu clia cac gia tri trong mbi khoang tuong tu
cang cao. Hé khoang tuong tu 12 mot cong cu hitu dung dé
phan hoach mién tham chiéu cda cac bién, dudc st dung
trong cédc thuat toan sinh luét ctia cdc phuong phap tiép can
dua trén DSGT.

2. Thuét toan xay dung cy quyét dinh

Thuat todn xiy dung cdy quyét dinh dugc trinh bay
trong thuit toan 1. P& xiy dung ciy quyét dinh ti tap
dit liéu D cia bai toan hdi quy gdm cic véc-to dau vao
Xi = (Xi1,Xi25 - - s Xin), VOi x;; € U; C R va céc gid tri dau
ra y; € Uys1 € R. Budc dau tién chung ta can chuin hoéa
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Thuét toan 2: GenFRBS(T)

Dir liéu vao: Cay quyét dinh T.
Du liéu ra: Hé luat mo S.

[

3 S=0;
4 Leafs = Tap cac nut 14 cta cay T;
5 foreach If € Leafs do
6 V6i mdi 14 If xay dung danh sich IsNode cic Node
tlr 14 If dén gbc cay;
7 Tao ludt r c6 n diéu kién tién dé, tit ca cac tién dé
déu c6 gia tri Don’t care;
8 for j = IsNode.Count — 1 down to 1 do
9 Thay thé gia tri Don’t care ctia ludt r ing véi
thudc tinh ctia nit IsNode[j] bing gia tri phan
chia cta nat IsNode[j — 1] (nut cha cta nut
IsNode[ j]);
10 end
11 Gién két luan cha luat  1a gid tri ctia niit IsNode[0];
12 S=Su{r};
13 end
14 return S;

tap dit liu D vé doan [0, 1] bing chuyén ddi tuyén tinh ta
dugc tap D;.

Budc thi hai, v6i mdi thudc tinh diu vao, ra ta xdc dinh
mot bo tham s6 ctia PSGT tuong tng, gia st 1a 7; (i =
1,2,...,n+1). V6i bd tham sb n; ta xiy dung PSGT AX;
sinh ra tap cic to c6 do dai khong qud k; ky hiéu X4,
tinh gia tri dinh lugng ngi nghia clia cic tif trong X4,y va
xdy dung hé khoang tuong tu S,y tuong ung theo thuit
toan trong [7].

Budc thit ba chuyén ddi co s& dif liéu D; thanh co s&
dit liéu tit ngdn ngit D> theo nguyén tic sau: véi mdi véc-
to x; = (Xi1,Xi2,...,X;n) chuyén déi thanh véc-to tif ngdn
ngit x; = (Aj1, A, ..., Ain), trong do Xij € T(A”) véi
j = 1,2,...,n; gia tri dau ra Y ciing chuyén d6i tuong
tu. T cd sG dit liéu ngdn nglt D, chuing ta dp dung thuit
toan C4.5 [16] xdy dung cdy quyét dinh c6 chiéu cao t6i
da Imax, viéc thiét 1ap chiéu cao t6i da ctia cdy nham han
ché chiéu dai ctia luat dugc sinh ra. Mdi niit clia ciy quyét
dinh chia hai gié tri 1a nhan thudc tinh va gia tri phan chia
cua nut cha.

3. Thuét toan sinh luat tir cdy quyét dinh

Thuit todn sinh luat tif ciy quyét dinh dudc trinh bay
trong thuat toan 2. Pau vao cda thuit todn la cdy quyét
dinh T dudc xdy dung bang thuit toan 1. Goi S la tap
luat dugc sinh ra, khéi dau S = 0, Leafs 1a tip cic nit
14 ctia cay T. V6i mdi nit 14 sé sinh ra mot luat c6 phan
két luan 13 nhan cla nit d6 va phan tién dé& cta luat la
cdc nhan cla cdc mit nim trén dudng di tir gbc dén 1a
d6. D€ xdc dinh dudng di, ching ta xuat phat tir nit 14
di nguoc vé& nit gbc. Gia st d€ sinh luat r tir nit 14 If,
ti nut ndy ta dé dang xdc dinh dudc danh sich (IsNode)



la cdc it mo ta dudng di ti nit 14 [f dén nit gbe. Tiép
theo ta tao ra ludt r c6 do dai bang sb chiéu ctia bai todn
va 6 tit ca tién didu kién déu bing Don’t care. V6i mdi
nit IsNode[j](j = IsNode.Count — 1,...,1) thay thé gia
tri Don’t care cia tién diéu kién tuong ving véi thudc tinh
la nhin cta nit IsNode[j] bang gia tri phan chia cta niit
IsNode[ j — 1] (niit cha ctia niit IsNode[ j]), gan két luan ctia
r bang gid tri cia niit IsNode[0]. Thém luat r vao tap luat S.

IV. PHUONG PHAP XAY DUNG FRBS GIAI BAI
TOAN HOI QUY

Trong phan nay ching t6i 4p dung phuong phdp sinh
luat dé xuét trong phan III d€ xdy dung hé md gidi bai
toan hdi quy. Phuong phap xiy dung FRBS dudc thuc hién
v6i hai pha. Pha thd nhit ching t6i phét trién thuit todn
OptHAParams st dung thuat gidi di truyén d€ tim bo tham
s6 mO cha cic DSGT cia cic thudc tinh cta bai todn.
Pha tht hai st dung bd tham s6 md ctia DSGT da tim &
pha thi nhat xdy dung ciy quyét dinh ctia bai toan, tit ciy
quyét dinh sinh ra tip cdc luat Gng ci, sau d6 dp dung
thuat todan HA-De-PAES dé tim kiém hé luat t6i uu. O day
HA-De-PAES dudc phat trién dua trén thuat toan (2+2)M-
PAES [17]. Thuat todn (2+2)M-PAES tbi uu dong thdi hé
luat va tham s6 mo trong khi thuat toin HA-De-PAES chi
tdi uu hé luat va cic luat dugc chon tif tap luat Gng cl
dugc sinh ra tif cAy quyét dinh, véi hai muc tiéu 12 MSE
va Comp (tdng chiéu dai cda luat).

1. Thuét toin tim tham s6 t6i wu cia PSGT bing
thuit toan GA

Dé tim kiém tham sb md& ctia PSGT, trong bai bio nay
ching t6i thuc hién thiét ké thuat gidi di truyén dua trén
s0 do ma héa nhi phan v6i ham thich nghi 1a gid tri sai sb
trung binh phuong MSE. Bai todn c6 n thudc tinh, khi d6
v6i mdi thudc tinh ta cin xdc dinh hai tham s6 13 i mc- va
uy. (6 day ching t6i st dung DSGT c6 hai gia t& V va L).
Nhu vy sb tham sé can xdc dinh cho bai toan {m;}™ 1a
2(n+1). Chi tiét dudc trinh bay trong thuit toan 3. Hinh 2
mo td so d6 ma héa mot cd thé, trong d6 mdi bién muc
tiéu dudc ma héa bang mot chudi bit 6 [ bit.

2. Thuét toan HA-De-PAES xiy dung hé mo t6i wu

Mbi c4 thé cia quan thé dudc ma héa gom M luat (M
c6 thé khic nhau giita cdc cd thé), véi mbi luat R; dugc liy
ra tif tap luat ng cit S. Nham dat dugc su cin bing giita
tinh dé hi€u va do chinh xac ciia hé luat, ching tdi gidi han
s6 luat trong m6i FRBS niam trong doan [ Min, Mmax |-

V6i mbi ca thé can tdi thi€u hai muc tiéu 124 MSE va
Comp, trong d6 MSE dugc xac dinh theo (3) va Comp la
téng do dai clia cdc luat trong cd s& lut, biéu thi do phiic
tap cia FRBS.
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Hinh 2. Mai héa cd thé t6i uu tham s ctia DSGT.
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Hinh 3. Ciu tric ma héa mot ca thé biu dién mot hé luit.

a) Cdc todn ti di truyén

Toan tir lai ghép: Vdi hai cd thé bd me p; va p; st dung
phuong phdp lai ghép mét diém (one-point crossover), diém
lai ghép dudc chon ngiu nhién trong doan [1, pmin — 1],
trong d6 pmin 12 s6 luat nho nhét trong p; va py. Luu y
rang néu todn tii lai ghép khong dudc thuc hién thi dot bién
luon xdy (c6 nghia 12 néu khong xdy ra lai ghép thi xdc
suat dot bién sé bang 1).

Toan tir dot bién: Néu dot bién xdy ra thi chon ngiu
nhién thyc hién mdt trong hai toan tir dot bién sau. Todn
tir dot bién thém Iludt: Thém vy luat vao v6i y dudc chon
ngau nhién trong doan [1, Ymax], néu y + M > My, thi
Y = Mpax — M, cac ludt duge chon tir tap S. Todn tw dot
bién thay déi ludt: Thay d6i ngiu nhién § gi tri ngdn ngit
ctia mot s6 ludt cia hé luat, véi § dudc chon ngiu nhién
trong doan [1,8max]. Thuc hién ¢ 1an qué trinh sau: chon
ngau nhién mot luat R, tiép theo chon ngau nhién mot gen
j € [l,n+1] cia R; néu j < n thi chon ngiu nhién mot
tu trong {Don’tcare} U X(x,); néu j = n+1 thi chon ngiu
nhién mot tir trong X(,,,); thay thé tif clia gen thd j cla
R bing tir vita chon; néu luat R sau khi dot bién cé do dai
16n hon Imax thi dot bién sé bi bo qua.

Luu y ring sau khi lai ghép, dot bién néu c6 nhidu
ludt truing nhau thi chi gitt lai mot, loai bd cac ludt c6
do dai bing 0.

b) Thudt todn tién héa HA-De-PAES

Phan nay trinh by nhiing budc co ban cia thuit toan
HA-De-PAES dugc phét trién dua trén lugc dd tién hoa
(2+2)M-PAES dé xuét trong [17]. Tai mdi thoi diém thuat
toan luu trit mot quan thé ma mot cd thé bat ky trong d6
déu khong bi troi bdi cac ca thé con lai theo cidc muc tiéu
MSE va Comp. Mot quan thé nhu viy sé xac dinh mot mat
Pareto. Thuit todn thuc hién tim kiém mot mit Pareto xap
xi t6i wu theo hai muc tiéu MSE va Comp.

Xét bai toan tbi uu n muc tiéu, cyc tiéu ham F(x) =
(fi(x), o(x), ..., fu(x)) v6i x € X € R™, trong d6 F(x)
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Thuat toan 3: OptHAParams(D, k, Imax, GApars)

1 Dt liéu vao: Co s& dif liéu cha bai toan D; Chiéu dai t6i da

clia cic hang tir sinh ra tit DSGT k; Chiéu cao tdi da ciia cay

Imax; Bo tham sb cua thuat giai di truyén GApars g()m co

chleu dai nhiém sic thé Ichrom, kich thudc quan thé Popsize,

s6 thé hé G, xdc sudt lai ghép Pcross, va xac suét dot bién
Pmu.
Dir liéu ra: Bo tham s0 t0i wu 74 p;.

Budc 1: Khdi tao.

Gén j « 0;

Khdi tao quin thé ban dau: Initial(Pop i)

foreach p € Pop; do
Giai ma p dé€ dugc bo tham s6 {7rl}”Jrl cua cac BSGT;
T « BuildDecisionTree(D, {7rl}t":11 ,
S « GenFRBS(T);
Suy dién trén tip dit liéu D bing hé luat S va tinh gia tri

ham muc tiéu MSE cua p;

k, lmax);

D-IEE-CIEE B R

10

11 end
12

tri muc tiéu tot nhat.
13 Budc 2: Tién héa.
14

Xpesr < GetlndividualHasBestObj(Pop ;); //Chon cd thé c6 gia

15
16

Poppgrens < Select(Pop;); //Chon cd thé cha me.
Popd”[d — Mute(Crossover(PoplWem)) //Lai ghép va dot bién
tao quan thé con.
je—j+1;
Pop; < Popg> //Thay thé quan thé hién tai bang quan thé
con viia tao sinh.
foreach p € Pop; do
Giai ma p dé dugc bo tham sb {x;} ;ll ctia ciac PSGT;
T « BuildDecisionTree(D, {r; }"_+11 kD),
S « GenFRBS(T);
Suy dién trén tap dit liéu D bing hé luat S va tinh gia tri
ham muc tiéu MSE cua p;

17
18

19
20
21
22
23

end
X « GetlndividualHasBestObj(Pop);
if 0bj(X) > 0bj(Xpess) then
| Xpest < X: llobj(X) la gid tri myc tiéu ciia cd thé X.
end
Buéc 3: Lip lai Bude 2 cho dén khi j > G.
Budc 4: Tra lai by tham s6 tdi uu.
Gidi ma Xpeyr de dugc bd tham sb {7r,}"+1 cua cac BSGT;

24
25
26
27
28
29
30
31

ComputeFitnessMeasure(Pop;); //Tinh d6 do thich nghi cla cic 32 7, {n,}l 1
cé thé. 33 return 7, p;;
Thuat toan 4: HA-De-PAES moi i € {1,...,m} va ton tai j thda man f;(x) < f;(y).

(D, k, Imax, mop, paespars)

1 Dir liéu vao: Co s6 dit lidu ctia bai toan D, chidu dai tbi
da ctia cdc hang tif sinh ra tit DSGT k, chiéu cao tbi da
clia cdy lmax, bd tham s md ciia PSGT da dugc tdi
wu, va bo tham sb clia thuit toan PAES paespars.

Dir liéu ra: P, (mit xip xi t6i wu Pareto v6i hai muc
tiéu MSE va Comp cua cac hé luat).

Bude 1: Tao tap luat dng ci.

T = BuildDecisionTree(D, pt» k, Imax);

S = GenFRBS(T);

Budc 2: Sinh ngiu nhién 2 cé thé ¢y, cp. Mdi ca thé
gdm M luit dudc chon tif tap luit tng ct S. M dugc
chon ngiu nhién trong doan [Mpin, Mmax].

Budc 3: BS sung cq, ¢y vio Pg.

Budc 4: Lipi=1,...,MaxGen (sb thé h¢ t6i da).

Chon ngiu nhién hai c4 thé b me p;, p, trong P4 (p1,
P> ¢6 thé tring nhau);

Thuc hién lai ghép hai cd thé pq, p, d€ sinh ra hai ca
thé con o1, 02;

Thuc hién dot bién trén og, 0s;

Tinh gid tri muc tiéu (MSE, Comp) cta o1, 03;

Lan lugt bS sung 01, 05 vio P4 néu cb thé;

Lip lai buéc 4 véi thé hé ké tiép;

return Py;

A U B W

10

11

13

14
15

12 véc-to muc tiéu, f;(x) 1a muc tiéu thi i can cuc tiéu, x
12 véc-to 15i giai trong khong gian m chiéu, va X 1a khong
gian 16i giai cia bai toan. Mot mdt P C X dudc goi 1a mat
Pareto néu mdi diém bit ky ctia n6 déu khong bi troi bdi
céc diém con lai trong P. Mot 16i gidi x € P dudc goi 12
trdi hon 16i gidi y € P, ky hiéu x > y, néu f;(x) < fi(y) vé6i
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Ki hiéu P, 12 quan thé hién tai, thuit todn gdm céc budc
dugc trinh bay trong thuit todn 4. Mot ca thé con o néu
khong bi troi bsi bat ky ca thé nao trong P4 thi o dudc bd
sung vao P,, dong thdi loai bd tit ca nhiing ca thé trong
P4 bi troi bdi 0. Néu sb ca thé trong P, 16n hon s lugng
tdi da (MaxArchive) dudc phép luu trit trong P4 thi loai
bd ngiu nhién mot ca thé trong viing c6 mat do cao nhét
ra khdi P,. Xdc dinh viing c6 mat do cao nhit theo thuat
toan trong [17].

V. NGHIEN CUU THU NGHIEM

Chiing t5i tién hanh thii nghiém thuat toin xdy dung
FRBS dugc dé xuit trong bai bdo va d6i sanh két qua véi
céac thuat toan PAESkp trong [1] va HA-PAES-MG-Kmax
trong [8]. PAESkp tiép cin dua trén ly tuyét tip md, céac
tap m& dudc biéu dién bing bo 2 (two-tuples), cac ludt mo
dudc sinh ra bing t6 hop ngiu nhién cdc tit ngdn ngit sit
dung trén mdi bién, qua trinh tdi wu héa tham sb tap mo
va hé luat ciing bing thuét toan (2+2)M-PAES trong [17].
HA-PAES-MG-Kmax tiép can dya trén 1y thuyét DSGT,
cdc tham sb tip mS dudc xic dinh dua trén tham sb mo
ctia DSGT, luat m& dugc sinh ra dua trén mau dif lidu, qua
trinh t6i uu héa tham sb tap mo va hé luat ciing bang thuét
todn (2+2)M-PAES trong [17]. Ching tdi chon hai thuat
toan nay dé dbi sinh do ching cung st dung thuit todn
tién héa (2+2)M-PAES va nhim ching t4 tinh hidu qua
ctia phuong phap sinh luat dua trén ciy quyét dinh.



Bang I
CAC BAI TOAN SU DUNG THU NGHIEM [1, 8]
TT Bai toan #NoP #NoA
1 Electrical Length 1 (ELE1) 495 2
2 Electrical Maintainance 2 (ELE2) 1056 4
3 Weather Ankara (WA) 1609 9
4 Weather Izmir (WI) 1461 9
5 Treasury (TR) 1049 15
6 Abalone (AB) 4177 8
7 Mortgage (MTG) 1049 15
8 Computer Activity (CA) 8192 21
9 Pole Telecommunication (PT) 15000 26
Bang 11
CAg THAM SQ THU NGH;EA{ PHA
THU NHAT, TIM THAM SO TOI UU

Hmin = 0,3 fmCuin =03 | fmCpax = 0,7

Hmax = 0,7 kmax =3 Imax =2

Lchrom =8 Popsize =100 | G =100

Pcross =07 | Xac suit lai ghép

Pmu = 0,1 Xdc sudt dot bién

Bang III
CAC THAM SO THU NGHIEM PHA
THU HAI, TIM KIEM HE LUAT TOI UU

MaxArchive = 64 M axGen = 300.000

Ymax =5 Omax =95 Imax = min(#N 0A, 5)
Muyin =5 Mmax = 30

PcRB =03 Xéc suit lai ghép trén Crp

PmRB = 0,1 Xac suit dot bién trén Crp

Paga =075 Xéc sult dot bién thém ludt trén Crp

PE€ cong bing trong so sinh hiéu qua cia cic phuong
phap, ching t6i sit dung dang phan hoach md va cac tham
s6 thit nghiém tuong tu nhu cac phuong phap dudc so sanh.
Phin hoach md dugc st dung c6 dang da thé hat, cic tap
md c6 dang tam giac, do dai t&i da clia cac hang tir dugc
sinh ra bing PSGT 1a k = 3 cho tit ca cic thudc tinh dau
vio va diu ra.

Chiing t6i tién hanh tht nghiém trén 09 bai todn, trong
d6 08 bai todn thi nghiém dugc 14y tir http://archive.ics.uci.
edu/ml/datasets.php, riéng bai todn Abalone ldy tit https://
sci2s.ugr.es/keel/dataset.php?Cod=96, v6i #NoP 1a s6 mau
va #NoA 1a s6 thuoc tinh. Cac tham sb thir nghiém cho
pha thit nhit dugc trinh bay trong bang II va pha thd hai
trinh bay trong bang III. Phuong phép thit nghiém kiém
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tra chéo 5-fold, v6i 4 fold hoc va 1 fold kiém tra. Mbi
fold dugc thd nghiém 6 1an (6 x 5 = 30 1an). Méi lan thi
nghiém pha thd nhit sé goi thuit toan OptHAParams dé
tim bo tham s6 md ctia PSGT cho tit ci cac thudc tinh, bo
tham sb tim dugc 13 dau vao cta thuit toin HA-De-PAES.
Dé giam thoi gian xdy dung cdy quyét dinh & pha thi nhét,
chiing t6i gi6i han chiéu cao t6i da clia cdy dudc sinh ra
Imax = 2, va dé gi6i han chiéu dai ctia luat dugc sinh ra
trong pha thii hai ching t6i thiét 1p Imax bang gia tri nhod
nhit clia #NoA va 5.

MBoi 1an thit nghiém, két qua thu dugc 1a mot mit Pareto
theo hai muc tiéu MSE va Comp. Chung t6i tinh toan mat
Pareto trung binh ctia 30 lan thd nghiém, tuong tu nhu
trong [1, 2, 8]. Thuc hién d6i sanh két qua thu dudc cla
thuat toan dé xuit v6i cac thuat toan HA-PAES-MG-Kmax
va PAESkg tai diém FIRST ciia mit Pareto. Piém FIRST
la diém tuong tng véi hé ludt c6 MSEr, nhd nhét. Ky hiéu
M_SETr va M_SETs l1a cac gia tri MSE trung binh lan lugt
trén tap dit liéu huin luyén (Tr) va tap di liéu ki€ém tra
(Ts), o 12 phuong sai trung binh trén tip kiém tra, con
Comp va #R 1an lugt 1a do phiic tap trung binh va sb luat
trung binh cda hé luit.

Chiing t6i tién hanh phan tich st dung phuong phap
théng ké phi tham sb Wilcoxon theo hai muc tiéu 1a do
phuc tap Comp va do chinh xac (dva trén MSE), v6i mic
y nghia @ = 0,05. Két qui théng ké& dugc trinh bay trong
cdc bang V, VI, va VIL Tir bing V ta thiy gia tri Exact
P-value 16n hon @ = 0,05, do d6 gia thiét Hy 1a “do phiic
tap cua cdc hé ludt duoc tao ra bdi hai thudt todn la nhu
nhaw” dudc chip nhan. Nhu viy do phiic tap ctia hé luat
dugc xay dung bdi thuat todn dé& xuit trong bai bdo nay
khong c6 su khac biét v6i cac thudt toan dugc so sanh.

Két quéa phan tich bang VI cho thiy gia tri Exact P-value
nhé hon @ = 0,05, do dé gia thiét Hy 1a “do chinh xdc ciia
cdc hé ludt trén tdp hudn luyén ciia thudt todn la nhw nhau”
bi loai bd. Nhu vay c6 su khac biét gitta gia tri MSE cua
cdc hé luat dugc sinh ra tif thuit toan dudc dé xuit trong
bai bao véi gia tri MSE cua cac hé luét dugc sinh ra tir cac
thuat toan d6i sanh. Tir bang IV ta thy gia tri MSE clia
cdc hé luat dugc sinh ra tir thuét toan HA-De-PAES t6t hon
trén hau hét cac bai toan trlif bai toan AB. Két phan tich
trong bang VII cho thiy gid tri Exact P-value 16n hon @ =
0,05, do d6 gia thiét Hy 1a “do chinh xdc ciia cdc hé ludt
trén tdp kiém tra ciia thudt todn la nhu nhau” dudc chip
nhan. Méc du khong c6 su khac biét gitta dd chinh xac trén
tap kiém tra ctia cdc hé luat dudc sinh ra bdi thuit toan dé
xuét trong bai bao nay nhung tif bang IV chiing ta thiy do
chinh xdc cda thuit toan dé xuét chi kém cic thuat todn
dugc dbi sanh trén mot bai todn, t6t hon trén 8 bai todn.
Chiing ta c6 thé két luan riang thuat toan dudc dé xuit tot
hon céc thuit toan dbi sanh trén muc tiéu do chinh xdc.
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Bang IV
SO SANH KET QUA THU NGHIEM THUAT TOAN HA-DE-PAES (HADE) V01
CAC THUAT TOAN HA-PAES-MG-KMAX (HATG), PAESkp TAI bIEM FIRST

SO SANH PO PHUC TAP CUA HE LUAT SU DUNG WILCOXON TEST VO1 MUC « = 0,05

So sanh v6i | R+ | R- | Exact P-value | Confidence-interval Gia thuyét
PAES-KB 37 8 0,09766 [-28,9; -0,55] Loai bo gia thuyét Hy
HA-Tg 15 | 30 >0.2 [-1,95; 4,85] Chip nhén gia thuyét Hy
) ) Bang VI
SO SANH SAI SO MSE TREN TAP HUAN LUYEN SU DUNG WILCOXON TEST VOI MUC «a = 0,05
So sanh v6i | R+ | R- | Exact P-value | Confidence-interval Gia thuyét
PAES-KB 42 3 0,019532 [-2.337,315; -0,054] Loai bo gia thuyét Hy
HA-Tg 40 | 5 0,03906 [-172,51; -0,002] Chip nhén gia thuyét Hy
) ~ Bang VIl
SO SANH SAI SO MSE TREN TAP KIEM TRA SU DUNG WILCOXON-TEST VOI MUC a = 0,05
So sanh véi | R+ | R- | Exact P-value Confidence-interval Gia thuyét
PAES-KB 33 12 > 0,2 [-1.117,0505; 3.902,65] | Loai bé gia thuyét Hy
HA-Tg 39 | 6 0,05468 [-377,505; 0,11] Loai b6 gia thuyét H

#R Comp SEtr SETs OTs

e g " || |c g |7 17 g " 1T |F | |°

ELE1| 27 | 27,3| 27,4 46,0| 46,1| 52,7| 145.995| 141.666| 141.321| 194.028| 202.591| 201.836| 24.745| 35.321| 30.0234
ELE2| 30| 29,9 30,0 65,0| 67,0| 65,1| 11,043 | 8.813 8.504 12.606 | 10.686 | 10.372 | 3.105 | 3.114 | 1.771
WA 28 | 25,0] 25,0 103 | 60,0| 71,6| 1,64 1,03 1,01 3,92 1,25 1,22 9,27 0,17 0,17
WI 25| 24,9 25,0/ 91,0| 61,3| 64,2| 1,30 0,79 0,77 1,49 0,96 0,95 0,26 0,13 0,14
TR 11| 15,0/ 15,0 40,0| 29,4| 33,9 0,080 0,031 0,026 0,140 0,045 0,039 0,15 0,02 0,01
AB | 29| 19,8 22,6| 107 | 59,6| 49,1| 2,32 2,31 2,43 2,48 2,41 2,68 0,18 | 0,17 | 0,20
MTG| 12| 15,0] 13,0] 49,0 28,1| 28,3| 0,050 0,016 0,014 0,090 0,022 0,019 0,10 0,01 0,01
CA 10 | 13,8/ 14,5] 30,0 44,7| 45,6| 11,99 4,58 4,09 13,43 4,86 4,81 4,66 0,63 0,55
PT 14| 13,3| 14,4] 53,0 38,3| 36,3| 87,00 71,89 65,07 89,00 73,47 68,97 25,00 | 17,02 | 10,44

Bang V

VL. KET LUAN

Bai bdo dé xuit mot hudng tiép can sinh luat méi giai
bai toan hoi quy bang hé luat mo. Cac phuong phép truyén
théng dua trén ly thuyét tip md thudng su dung phuong
phdp sinh luat bing cach t& hop cac tit ngdn ngit st dung
cho méi thudc tinh. Véi cach tiép can nay s6 luat phii xem
xét rat 16n. Tiép can dua trén 1y thuyét DSGT st dung
phuong phép sinh luit dua trén mau di liéu, phuong phap
tiép can nay lam gidm khong gian lut cAn phai xem xét,
tuy nhién n6 lai khong tin dung nhiing thong tin va quan hé
ctia dif liéu. Bai bdo nay chiing to6i di d& xuit mot phuong
phép sinh lut tiép can theo ly thuyét DSGT va ciy quyét
dinh. Ching t6i da phat trién mot thuat toan xay dung FRBS
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gdm hai pha, két qua thii nghiém thuit toan cho thiy cac
muc tiéu d6 phic tap vd d6 chinh xdc clia hé luat c6 thé
so sanh dudc véi cdc thudt toan da dé xuit.
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Nguyén Piéc Du nhin bing Cii nhan Toan
tin Ung dung va Thac si Todn Gng dung tai
Truong Pai hoc Khoa hoc Tu nhién, Dai
hoc Quéc gia Ha Ndi 1an lugt cac nim 2001
va 2005. Tac gia hién dang 1a nghién ciu
sinh tai Vién Khoa hoc va Cong nghé Quan
sy tf nim 2015, ddng thoi la gidng vién
Khoa Cong nghé Thong tin, Truong Dai

hoc Giao thong Van tai. Cdc linh vyc nghién cifu bao gdm khai
phé dit liéu, 16-gic md, hé md, tinh todn mém, tinh todn véi ti,
va hoc may.

-

Hoang Van Théng nhian bing Ci nhan
Toén tin Gng dung va Thac si Cong nghé
Thong tin 1an lugt tai Trudng Pai hoc Khoa
hoc Tu nhién va Truong Dai hoc Cong
nghé, Pai hoc Qudbc gia Ha Noi nim 2001
va 2005. Niim 2016, tic gi nhan bing Tién
si tai Hoc vién Khoa hoc va Cong nghé,
Vién Han 1am Khoa hoc Viét Nam. Tac gia

hién dang la giang vién Khoa C6ng nghé Thong tin, Truong Pai
hoc Giao théng Van tai. Cic linh vuc nghién ciiu bao gdm khai
pha di liéu, 16-gic md, hé md, tinh todn mém, tinh toan véi ti,
hoc mady, va tri tu¢ nhan tao.
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Truong Dai hoc Phenikaa
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Vién Khoa hoc va Cong nghé Qubc gia Ulsan, Han Qubc
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THONG TIN DANH CHO TAC GIA

Chuyén san Cic cong trinh nghién ctiu va phét trién Cong nghé Thong tin va Truyén thong — goi tat 1a Chuyén san
CNTT-TT, hay tiéng Anh 1a ICT Research — 1a 4n phdm khoa hoc ctia Tap chi Thong tin va Truyén thong, do Bd Thong tin
va Truyén thong xuét ban tif nim 1999. ICT Research c6 phan bién, md truc tuyén (open access) va dugc phat hanh 4 s
méi nim, trong d6 An phdm tiéng Viét (ISSN: 1859-3526) ¢6 2 sb va An phdm tiéng Anh (ISSN: 1859-3534) — Research
and Development on Information and Communication Technology — ¢6 2 sb.

ICT Research 12 mot dién dan danh cho cdc nha nghién cifu va cic chuyén gia phd bién cic y tudng méi va sang tao
trong cdc linh vuc cia Cong nghé Thong tin, Truyén thong va Pién tit § Viét Nam va trén toan thé giéi. Ban bién tip
ctia ICT Research bao gébm cdc nha khoa hoc uy tin dén tit cic don vi nghién citu ¢ Viét Nam va cic qubc gia khac.

HUGNG DAN DANH CHO CAC TAC GIA

Céc tac gid nén tim hiéu cach viét bai bdo ky thuat,
chéng han nhu cic hudng din trong tai liéu “How to write
for technical periodicals & conferences” ctia Vién Ky su
Dién, Pién tit Hoa Ky (IEEE).

ICT Research chi nhén céc ban thdo dudc ndp truc tuyén
trén trang web cia ICT Research tai http://ictmag.vn. Tac
gid can ché ban ban thdo theo miu ma ICT Research
huéng dan.

Cic tac gia phai chiu trach nhiém trong viéc dam bao
rang ban thdo nay chua timg dudc cong bd trudc dé, ciing
nhu hién dang khong trong qua trinh phan bién hodc chuén
bi xuit ban & noi khic. T4c gia lién hé ciing phai chiu trach
nhiém dam bao sy dong y clia tit ca cac dong tac gia khi
ndp bai cho ICT Research. Ban thio can dudc ndp dudi
dang PDF. D€ hd tr¢ phan bién kin hai chiéu, tic gid can
nop hai phién ban clia ban thio, mot phién ban cé diy di
thong tin clia tit ci cdc tic gia, mot khong c6 thong tin gi.

Céc ban thao ndp lai sau khi chinh sta ciing can tuin
theo céc chi din nhu ctia ban thao nop lan dau, nhung cin
kém theo mot vin ban giai trinh cic y kién ctia phan bién,
trong d6 giai thich cac ndi dung dudc chinh sta va/hoic
tra 16i cac y kién ctia cdc phan bién. Sau khi mot ban thio
dugc chinh thifc chdp nhan xuit ban, cic tic gid can phai
chudn bi ban thao cubi ciing bang LATEX theo mau trinh
bay cho IEEE Transactions.

PAO PUC TRONG XUAT BAN

ICT Research am két tuan thi cic quy dinh, tiéu chuin
va huéng din dugc thiét 1ap bsi COPE (Committee on
Publication Ethics) trong viéc ddm bao tinh liém chinh cia
tap chi cling nhu xi 1y cc trudng hop vi pham. Tét ca cac
bén tham gia (Bién tap vién, TAc gid, Phan bién va Nha xuét
ban) can phai hi€u va tuan thi cic quy dinh, tiéu chuin va
huéng din dugc cong bd trén trang web ctia COPE.

Ban bién tap cia ICT Research sé& sang loc tit ca cic
ban thao trudc khi cong bd. Tt ca cic ban thao sé dudc
ki€ém tra vé mic do tuong tu véi cic cong trinh khic st
dung cic cong cu truc tuyén cé dudc. Moi hinh thifc dao
viin khong dudc chip nhan va ban thao sé bi tir chdi.

QUA TRINH PHAN BIEN VA XUAT BAN

Mot Bién tap vién linh vyc sé duge Trudng Ban bién
tap giao phu trach diéu phd6i phan bién ctia mdi ban thao.
Bién tdp vién nay thuc hién danh gia nhanh ban thao va
quyét dinh liéu ban thdo nay c6 phu hop d6i véi doc gia
ctia ICT Research hay khong. Néu phu hop, Bién tap vién
s€ khéi dong qua trinh phan bién.

Moi ban thdo dudc phan bién bdi it nhit hai phan bién.
Qua trinh phan bién la kin hai chiéu, theo dé danh tinh
clia cic tdc gia va phan bién khong dudc tiét 16 cho nhau.
Cic két luan phan bién gdm cé: (A) Chdp nhdn, (B1) Chdp
nhdn véi yéu cdu chinh sita nhd, (B2) Chinh sita va nop
lai (ban thao cAn phai viét lai véi cac thay ddi 16n va sau
d6 can qua vong phén bién lan thi hai), va (C) Tir chéi.

Moi vong phan bién c6 thé can khoang hai thang. Trong
truong hop céc tac gia dudc Bién tip vién yéu cau chinh
stia ban thao, phién ban dugc chinh stia cin dudc ndp trong
vong hai thing d6i v6i yéu cau chinh stia 16n va mot thang
v6i yéu cau chinh sira nhé. Tic gid nao cAn nhiéu thdi gian
hon xin vui long lién hé v6i Bién tép vién.

MBoi bai bdo dugc chip nhan sé dugc xuit ban truc tuyén
ngay sau d6, véi sé6 DOI, sau khi dugc bién tap va ché ban
theo cic quy tic bién tap ctia ICT Research. Pong thdi, khi
c6 di mot sd lugng bai phut hop, ICT Research sé tip hop
lai va xuit ban mot sb in, kém v6i muc luc cic bai béo.

THONG TIN VE BAN QUYEN

Khi bai bdo dudc chip nhan, ban quyén clia bai bdo sé
tu dong dugc chuyén giao cho Tap chi Cong nghé Thong
tin va Truyén thong, 12 t& chiic chiu trach nhiém xuét ban
ICT Research, v6i dam bao ring moi ndi dung ctia bai bao
dugc chip nhan xuét ban sé dugc cong bd mién phi trén
trang web cta ICT Research. Viéc chuyén giao nay cho
phép bén xuét ban c6 toan quyén gidi quyét bat ky khiéu
nai nao vé viéc st dung trdi phép. Céc tic gid c6 quyén
ding tai lai hay st dung lai bai bdo dudc xuit ban duéi
bt ky hinh thic nao cho bt ky muc dich nao, mién 1a c6
trich din diy dd ti bai bdo gbc xuét ban trén ICT Research.
Viéc ndp bai bao dugc xem nhu 1a cac tac gia da doc va
dong y véi chinh sich ban quyén nay.






