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MOT SO TINH TOAN CHO TONG KET DU LIEU
TREN CO' SO DU LIEU QUAN HE MO

TRAN THIEN THANH

Truong Pai hoc Su pham Quy Nhon

Abstract. In this paper, we present some computations of data summary rules on Fuzzy relational
databases based on a pattern matching process of D. Dubois and H. Prade. We take advantage
of some properties of these rules to design algorithms involving heuristics. Some algorithms (with
heuristics) which allow us to determine whether, for the value of truth of data summary rules is
greater than a given threshold. The correctness and time complexity of these algorithms are given.

Tém tdt. Bai bdo trinh bay mét s6 két qua tinh todn dé tin cAy cho cdc luat tong két tir dir liéu
trén mo hinh co s& dir litu quan hé mo. Céc tinh todn dwoc xay dung dua trén cich tiép can cia
D. Dubois v H. Prade. Bai bdo ciing dwra ra mot s6 tinh chat cia nhitng luat nay nham muc dich
thiét ké cdc thuat todn heuristics dé kiém tra do tin cdy cla cdc luat v6i ngudng cho trude. Tinh
ding din va do phitc tap cla cdc thuat toin ciing dwoc trinh bay.

1. PAT VAN BE

Trong [11], ching t6i da xay dung cdch danh gid do tin cay cho cdc luat c¢6 dang
“Q Py oare Py7 va “Q1 Py r 0 Qo Py, trong d6 Q, @i, @2 la cic lwong tir mo, r la
mot quan hé véi dir liéu mo, Py, P 1a cde tan tir mo, 0 1 toan tir so sdnh mo. “Q P) r are Py’
c6 nghia la dinh lwong cdc bo trong quan hé » thoa tan tir P, cing thod tan tir P, twong thich
véi lwong tir Q. “Qp Py r 0 Q2 Py 7 ¢6 ¥ nghia la dinh lwong céc bo trong quan hé r thoa
tan tir P; ¢6 quan hé 6 v&i cdc bo trong quan hé r thod tan tir P, & mirc do cia lwong tir
Q2 la twong thich v&i lvong tir @;. Clung véi cach danh gia do tin cay, dua vao thir tu phan
cap cila cdc tap mo, ching toi dwa ra thuat toan xay dung tap cdc luat tong két dir liu theo
mau cho truée trén cdc dir licu cé san. Céc thuat toan téng két dir lieu phu thude nhiéu vao
viec kiém tra do tin cay cla cdc ludt véi mot ngudng cho truée. Céc thuat toan nay thwong
¢6 do phire tap khd 16n do cong thirc tinh toan phitc tap va lwong dir liéu can tinh todn 1ém.
Trong bai bdo nay, véi muc dich cai tién cdc thuat toan kiem tra d6 tin cay cac luat tong
két tir dir lieu, ching t6i dua ra cdc tinh chat cia tinh todn do tin cay duwa vao dic trung
cla céc luat. T dé xay dung cdc thuat toan heuristics kieém tra do tin cdy cia cdc luat véi
ngudng cho trude hiéu qua hon. Trong céc luat tong két dit liéu, cac nghién ctu trude day
thuwomg diing nhirng lwong tir don diéu, chiing t6i dwa ra cdc két qua danh gid cho lwong tix
unimodal théong qua céc lrong tir don diéu.

Muc 2 s& trinh bay nhitng kién thitc co s& gom: Péanh gid cic tan tir mo; Bieu dién cac
lrong tir ngdén nglt bang tap mo; Luc lwong tap mo. Muc 3 trinh bay cdc tinh chat cla tirng
dang luat va thuat toan tinh, kiém tra do tin cdy cta cac luat véi ngudng cho trude. Cudi
ciing 13 két luan va mot s6 huwéng nghién ciru tiép theo.

* Cong trinh nay duoe hoan thanh véi s hé tro kinh phi cta dé tai cdp Nha nude ma s8 230203,
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2. CAC KIEN THU'C CO SO

2.1. Tinh todn trén cac tan tu mo

Cho X 1a mot bién nhan gid tri trén mién D két hop véi phan bé kha nang mx, F 14 mot
tap mo trén D. Do twong thich cia X véi tap mo F dwoc danh gid trén hai do do kha nang
(IT) va can thiét (N) dwoc x4c dinh bdi:

M (F) = sup min (e (u), 7 () 2.1)
Nx(F) zggjf:)max<up(u)71—7rx(u)>. (2.2)

v&i 0 1a mot phép so sanh mo dwoc xéc dinh béi ham thudce g, ménh dé “X 6 F” dwoc xem

twong dwong véi ménh dé “X is F o8, véi F o6 la phép hop thanh cida mot gia tri mo F véi

mot toan tir so sdnh mo @ dwoc xéc dinh bdi: Vd € D, ppog(d) = sup min<ug(d7 d'), up(d’)).
d’eD

2.2, Céc luong tir mo

Trong [14] Zadeh dé xudt mot cich biéu dién lwong tir ngon ngir theo cich tiép can
cia 1y thuyét tip mo. Trong dé moi lwong tir duge xem nhw mot tdp me. Zadeh chia céc
lwong tr ngdén nglr thanh hai loai: lwong tir tuyét doi (absolute quantifiers) va lwong tir ty Ié
(proportional quantifiers). Dwa vao ham thudc cia lwong tir ta goi @ 1a lwong tir don diéu
tang (hodc gidm) néu ham thuoc cia né 1a ham tang (hay gidm).

Luwong tir Q goi la lrong tir unimodal néu ton tai hai gia tri a, b véi a < b sao cho véi moi
x < a thi @ la lwgng tir don diéu tang; véi x > b thi Q don diéu giam va ug(z) = 1 v6i moi
z € [a,b]. V&i moi luong tir unimodal @ bao gio cing tim duoc hai lwong tir Q, don diéu
tang va Qg don diéu gidm sao cho Q = @, N Qg. That vay, dé dang chi ra cdc lwong tir don
diéu @, va Qg xdc dinh nhu sau: pg, (x) = pg(x), véixz < a; 1, néu x> a, ug,(x) = ug(x), véi
x>b 1, néux < b.

2.3. Luc luong tap mo

Cho F la tap mo tren tap htu han U = {uy, ug, - ,u,}. Dat k = |ker(F)|, v&i ker(F) =
{u € Ulpr(u) = 1}. Luc lwgng cla tip mo F, ky hiéu |F|; (hodc |F| néu khong gay nham lan)
13 mot phan b6 kha nang 7| trén doan [0, ], duwoc xéc dinh nhu sau:

7(t) =0 v&i 0 <t < k,

m(k) =1,
véi g > k thi w(5) la gid tri 1én thit 7 trong danh sach cac gia tri p(wy), plug), - -, w(uy).

3. TINH TOAN PO TIN CAY CUA CAC LUAT TONG KET DU LIEU

Trong phan nay xay dung cic thuat toan tinh va kiém tra do tin ciy cia cdc luat véi
nguong cho trude. Céc thuit todn nay dwoc xdy dung dwa vao mot s6 tinh chat cia tirng
dang luat. Do tin cay dwoc dénh gia trén hai do do kha nang va can thiét.

3.1. Dang Q r are P
Trong [1], do tin cay cia ménh dé “Q r are P’ dwoc danh gid:

g » are p = max {min(uQ(i)ﬂr‘T},‘(i))} (3.1)

k<i<n

NG v are P = klgqiign{Hla)((uQ(i)7 1— F‘TP‘(Z')> }7 (3.2)
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véin 14 6 bo cia quan hé r, k = |ker(rp)|, r, 12 quan hé m& gom cic bé clda quan hé r véi
do thoa lwong tir P cho ting bo.

Néu @ la lwong tir ty 1é, trong cong thike trén ta thay pg(i) bdi ug(i/n).

Trong [1] da dwa ra cong thitc t6t cho viéc tinh todn do tin cay cia céc luat dang nay
véi céc lwong tir don diéu. Cu thé trong trwomg hop @ 1a lwong tir don diéu tang thi

HQ r are P — med(ﬂ@<1>7 NQ(2>7 to 7NQ(m - 1)7 NP(t1>7 NP(t2>7 to 7NP<tm>> (33>
NQ r are P — MQ(k'> (34)
véi m 1a 86 nguyén thod m > n, ug(m) = 1, néu m > n thi t,.1,--- 4, 12 cdc bo 4o bo sung

vao quan hé r, cac bo nay ¢6 do thoa tan tir P14 0 (up(t;) =0,Yi,n+ 1 <i < m).
Trong trwdmg hop @ 1a lwong tir don diéu gidm thi ta cliing cé cac két qua twong tu:

HQ r are P — MQ(k'> (35)
NG v ave p = med(uQ(1)7 o polm— 1,1 pp(ty), -, 1— up(tm)) (3.6)

Ching t6i phét trién cdc két qua tinh todn cho truwomg hop Q 13 lrong tir unimodal.

Pinh 1y 3.1. Cho Q la mot lwong tir unimodal duwoc phan tich thanh giao cua hat lwong ti
don diéw Q = Qo N Qq. Kht d6 voi moi quan hé r va moi tan tie P trén r, ta co:

HQ r are P — min<HQa r are P7HQd r are P) va NQ r are P — min<NQa r are P7NQd r are P>~

Chitng minh. Dat k = |ker(rp)|.
Truée hét ta chirng minh

HQ r are P — min<HQa r are P7HQd r are P) (*>

V\l Q - Qa va Q - Qd nen HQ r are P < min<HQa r are P7HQd r are P>~
Ta can chirmng minh g v oare P 2> min(HQa r are Po UGy r are p). Xét cic truong hop sau:

Truong hop 1. k< a.
Vik <anénVk<i<atacod ug, (i) =pug(t), va Vn > i > a thi pg, (i) = 1.

T d6 suy ra Ilg, » are p = krggga{min@cg(i% mrp\(i)>} <Tg r are p-
Do dé, néu k < a thi lg , are p > min(HQa v are 23100, r are p>.
Truong hop 2: k> a.
Khi 46 g, 5 are p = 1, (k) = #(k) = min( (k). 7y (1)) < Tg + ave #.
Do d6 g » are P > miH<HQa r are Ps1lQy r are P>~
Vay g » are p = min(HQa v are Py Gy r are p). Cong thite (*) dwoce chitng minh.
Tiép theo, ta ching minh Ng , gre p = min(NQa v are Py NQu r are p) (**)

Ta ¢é

NG v are P = min( min {max(uQ(i)7 1-— F‘TP‘(Z')> }7 min {max(uQ(i)7 1-— F‘TP‘(Z')> })

k<i<b b<i<n
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ViVi>bthi ug, (i) =1, va Vi < bthi ug,(¢) =1 nén ta cé
NQ r are P — min<NQa r are P7NQd r are P>~
Cong thire (**) duoc chitng minh. n

Hé qua 3.1. Vi gia thiét nhu dinh ly trén, ta cd
Hg, rare p N€uk<a
Hg rare p=2 1 néva<k<b (1)
pa(k) néuk > b

mln(ﬂ@(k‘% NQd r are P) néu k <a
NQ r are P —

NerareP néu k > a

Chitng minh. Pau tién ta chirng minh cong thire (1).
Néu k < a thi g, r are P = pg (k) = 1.
Theo Dinh 1y 3.1, ta c6 Il » are p =g, » are P-
Néu a < k < bthi ug, (k) =1 hay g, , are p = 1. Do Vi > a thi pg, (i) =1 nén

Q. r are P = krgggn{min(ucza (i)mrp\(i))} = krgggn{mrp\(ﬁ} = 7rp| (k) = 1.
Do d6 theo Binh ly 3.1, ta c6 Il » are p = L.

Néu k > b thi twong tu trén ta c¢é g, rare p =1, vallg, » are p = g (k) = po(k).
Do d6 theo Dinh ly 3.1 ta ¢6 Il » are p = g (k).

Tiép theo ta chitrng minh cong thirc (2).
Néu k <a ta co HQ., (/f) = /LQ(kJ) nén NQ r areP — min(uQ(k)7 NQd r are p).
Néu k > a thi pg, (k) =1 nén Ng » are p = Noy r are P- n
Dua vao Hé qua 3.1 ta xay dung thuat todn kiém tra do tin cdy cia luat tong két dir
lieu dang “Q r are P?, v6i @ 1a luong tir unimodal. Twong tu véi thuat todn da trinh bay
trong [1] cho lwong tir don diéu tang, trong thuat todn nay ching t6i sit dung 4 mang PL,
PU, NL, NU dé lru céc can dudi va can trén cia do do kha nang va do do can thiét tai tirng
buée tinh todn véi muc dich dirng ngay thuat toan khi cé thé két luan dwroc ma khong can
phai duyét hét tat cd cdc bo cia quan hé ». Cdc mang trén dwoc cap nhat lai tirng buée va
thit tu cdc phan tir luon theo thit tu ting.
Thuét toan 3.1. Kiém tra do tin ciy cda luat “Q r are P”, véi Q la lrong tir unimodal.
Input: r la mot quan hé v6i dir lieu mo
Luong tir unimodal @ dugc phan tich thanh @ = Q, N Qg
Tan tir P trén ciac bo cda quan hé r»
Nguong xac dinh do tin ciy cho do do kha nang va can thiét, twong ting «, 8.
Output: True 1néullg , gre p > @ VA Ng v gre p > 3
False  trong truong hop nguoc lai.
Format: SatRulel(Q, r, P, o, 3)
Method:
Var PL, PU, NL, NU : array[l..m] of Real,
Begin
/* Khdi tao gid tri ban dau cho cdc mang */
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For i :=1tom do
PL[:]:=0; NL[:]:=0; PU[¢]:=0; NUJ:|:=0;
EndFor
For i:=m+1to2m—1do
PL{: = i — m);
NLi) =g i — m).
EndFor
For : :=2m —nto 2m—1do
PU[]:=1; NU[i|:=1,;
EndFor
Fori:=m-n+1to2m—-n—-1do
PU[i:=pq, (i — m +n);
NU[i]:—pgu (i — m + n);
EndFor
k:=0;
/* Duyét quan hé r va tinh todn */
For i:=1tondo
If k+n—1i<athen
If (PL[m| > «) and (ug(k) > 8) and (NL[m|> 8) then Return True;
If (PU[m] < a) or (ug(k+n—1i) < B8) or (NL[m]< 8) then Return False;
Else
If (k > a) then
If (k+n—i<b)and (NL[m| > 8) then Return True;
If (NU[m] < 3) then Return False;
If (k > b) then
If </LQ (k+n—1i) > a) and (NL[m| > 8) then Return True;
If (ug(k) < ) or (NU[m] < 8) then Return False;
EndIf
EndIf
EndIf
x = pp(t);
If (x =1) then k:=k+1;
Insert0(z,PL);
Insert0(1 — x,NL);
Insert1(z,PU);
Insert1(1 — z,NU);
EndFor
Return (min(PL[n”L]7 po.(k)) > a) and (min(uQa (k), NL|m]) > B) ;
End
Chii §:
Thu tuc InsertO(x,M) chén z vao mang M da duwoc sap tang, moi khi thém thi bd di mot
s6 0 trong mang. Thi tuc Insert1(x,M) thuc hién twong tw nhung khi thém thi bd di mot so
1 trong mang.
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Pinh 1y 3.2. Thudt todn 3.1 la ding dan va c6 @6 phite tap la O(n?), véin = |r|.
Chitng minh Ky hiéu PL[m];, PU[m];, NL[m];, NU[m];, k; 1& gid tri twong tmg cia cdc bién
PL[m|, PUm], NLIm], NU[m]|, k tai budc thit i cia qua trinh tinh toan.

Trong [1] da chirng minh dwoc rang Vi, 1 <i < n ta cé

PL[m]z S HQa r are P S PU[’I’)’L]“ NL[m]z S NQd r are P S NU[’I’)’L]“

PL[m]n = PU[m]n = HQa r are P, NL[m]n = NU[m]n = NQd r are P-
TacoV1i<i<nthlk; <k <k +n—1: Tai budc thit ¢, ta xét cic truong hop sau:

Truong hop 1. ki +n—i<a
Khi dé k < a, theo hé qua 3.1 thi

HQ r are P — HQa r are P va NQ r are P — mln(ﬂ@(k>7NQd r are P>~

Trong truong hop nay, néu PL[m]; > « thi g, » are p > a, hay g , are p > .

Néu PU[m]; < a thi Mg, r are P <a, hay llg ; are p < .

Tuwong tu, néu pg(k;) > B thi ug(k) > 3 (do a > k > k; va Q téng trong doan [0, a]).

Néu NL[m]; > B thi Ng, » are p > 3. Tt d6 Ng 4 are p = min(ug(k), No, » are p) = 5.

Néu pg(k; +n—i) < B thi ug(k) < 8 (Vi k;+n—1i >k, va @ ting trong [0,a]).

Néu NU[m]; < 3 thi Noy v are p < B. Do A6 11g » arep = min(ug(k), Ng, » are ) < 3.
Truong hop 2: ki +n—1i>a

Xét trueong hop con k; > a. Khidé k> k; > a.

Trong truong hop nay, néu k; +n—i <bthi k< bnénllg , e p > .

Do k> anén Ng, r are P = Ng » are P.

Khi dé néu NL[m]; > B thl Ng, » are p > 3, hay Ng » are p > 3.

Ngugc lai, néu NU[m]; < 8 thl Ng, v are p < 3, hay Ng » are p < 3.
Truong hop 3: ki > b

Trong truwong hop nay k> b nen Ilg , are p = po(k), va Ng v are P = Ngy r are P-

Khi d4, néu pg(k; +n—1i) > a thl pg(k) > a. Suyrallg , ae p > .

Nguoc lai, néu pg(k;) < o thi pg(k) < po(k;) < a. T d6 suy ra Ilg » are p < a.

Trong truomng hop nay vi Ng » are p = Ngy r are p Nén néu NL[m]; > B thi

NG r are p 2 B, vanéu NU[m]; < B thl Ng , are p < 8.
Ddnh gia do phitc tap:

Ta xem viéc tinh do thod tan tir P ctia bo t; € r (up(t;)) ¢ thoi gian tinh todn la hang.
Ta ddnh gid do phitc tap thuat todn trong truwomg hop xau nhat, titc 1a vong lap For duyét
hét tat cd cic bo cia quan hé . Moi lan lap thuwc hién 4 thi tuc Insert, moi thi tuc thuc
hién khong qué 2n thao téc so sdnh va gan. S6 thao téac nhiéu nhat cia cd vong lip 14 8n?.
Do d6 do phite tap cia thuat todn 1a O(n?). n

Uu di€ém cia thuat toan 1 chi duyét qua céc bo cia quan hé r khéng qud 1 lan, dong
thoi nhirng diéu kién dirng giip cho thuat todn két thic sém hon trong céc truwong hop cu
thé. Diéu nay dic biét quan trong déi véi nhitng co s& dir lieu 16m.

3.2. Dang Q P, r are P

Trong [11] da xay dung coéng thirc tinh do tin cay cho céc luat dang nay. Trong trudomg
hop @ 14 lwong tir tuyét doi thl ménh de “Q P, » are P, twong dwong véi “Q r are PLA Py,
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dang luat nay da dwoc gidi quyét kha hoan chinh trong phan truée. Trong phan nay ta chi
xét cdc luat dang trén véi Q la lwong tir ty lé. Do tin cay cia ménh dé “Q Py r are Py dwoc
danh gid nhur sau:

HQ Py r are P, — krg%)én{mHI(HQ ri are Pl/\P277T\TP1\(i>>} (37>
1515
NQ Py r are P, — klff<lif<ln{maX<NQ rt are PyAPy» 1- 7T‘TP1‘(Z.>>} (38>

véin = |r|, ki = |ker(rp,)|, * Cr la i bo clia quan hé r ¢6 do thod tan tir P, cao nhat.
Két qua sau thé hién mai lién hé gitra do tin cay cia céc luat dang nay trong trwong hop
Q@ la lwong tir unimodal.

Pinh ly 3.3. Cho Q la luong tic unimodal dwoc phan tich thanh giao cia hai luong tic don

dieu Q = Qo NQq. Khi 4o, véi mor quan hé mo r, vor mot tan ti Py, Py trén r, ta co:

HQ Py r are P, — min<HQa Py r are P27HQd Py r are P2>7
NQ Py r are P, — min<NQa Py r are P27NQd Py r are P2>~

Chitng minh. Ky hiéu ki = |ker(rp,)|, ko = | ker(rp, rp,)|. Truwéc hét ta chitng minh
HQ Py r are P, — min<HQa Py r are P27HQd Py r are P2> (*>

Dua vao Hé qua 3.1, ta xét cdc trueomg hop sau:
Truong hop 1: ko < a
Khid6V ki <i<nlly i are poar, = g, vi are poap, D€ 11G Py v are P, = @, P, r are Py
Trong truomng hop nay g, i are paP, = Hga(ke) = 1. Do dé cong thire (*) ding.
Truong hop 2: a < ke <b
Khi d6 theo Hé qua 3.1, ta ¢6 g, i are pap, = 1. Suy ra

HQ P, r are Py — klrrgl?’)én{mrpl\@)} =1

Dé thay g, i are pap, =1 0€01lg, prare p, = 1, V& Ilg, vi are piap, = 1.
Suy ra g, p, r are p, = 1. Do d6 cong thike (*) ding.
Truong hop 3: ko > b
Theo H¢ qua 3.1 ta c6 g i are Piapy = Hiq(k2) = Ilg, v are PiAP,-
T dé suy ra Ilg p, r are P, = Hgy P » are Ps-
Trong trudong hop nay ta ciing ¢6 g, i are pap, = 1. Do d6 cong thire (*) ding.
Tiép theo ta chiing minh

NQ Py r are P, — min<NQa Py r are P27NQd Py r are P2> (**>
V&i moi 4, ky <4 <mn, theo Dinh 1y 3.1, ta ¢6

NQ rt are PyAPy — m1n<NQa rt are PiAPays NQd rt are Pl/\P2>~

Do dé
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NQ Py r are P, — klff<lif<ln{maX<NQ rt are PyAPys 1- W\T}ﬁ\@))}

- krgign{ma)((mln(NQa rt are PiAPsy» NQd rt are Pl/\P2>7 1- 7T‘TP1‘(2>>}
FIRAS

- krgirén{minona)((]\f@a ¥ are PyAPys 1 — ”\rpl\(i>>7maX<NQd ¥ are PyAPys 1 — mTPl‘(i)>>}
It

- min<NQa Py r are P27NQd Py r are P2>~

Cong thire (**) duwoc chitng minh. n

Hé qua 3.2. Véi gid thi€lt nhw Dinh ly 3.3, ta ¢d
HQ Py r are P> Z « khl Ud Chl} khl HQa Py r are Ps Z « Ud HQd Py r are P> Z a,
NQ Py r are P Z B khi va Chl; kha NQa Py r are P> Z B va NQd Py r are P> Z B

Chitng minh. Dé dang. [

Tt hé qua trén, dé kiém tra do tin ciy céc ludt dang “Q P, r are Py”, véi Q 1a lwong
tlr unimodal ta ¢6 thé kiém tra do tin cay luat twong tng qua céc lwong tir don diéu. Trong
phan sau trinh bay thuat toan kiém tra luat “Q Py r are Py’ véi Q la lwong tir don diéu.
Truée hét ta dwa ra cdc cong thire tinh do tin cay dwa vao dic trung cia lwong tir don diéu.

Tir cong thirc (3.7), (3.8) ta xét cdc truomg hop cu thé sau:

Truong hop Q la luwong tu don diéw tang:
Theo cong thite (3.7), dé tinh Ilg p,  are p, ta phéi tnh Tg v ge poap,, VO ki < i < n.
Theo cong thite (3.3), ta ¢

HQ ri are Py APs = med (NQ(1/2>7 e 7”@((2 - 1)/Z>7 HP AP, (t1>7 S HPIAP, (tz>>7 vGi
rt = {t1,ta,---,t;} 14 i bo cla » c6 Ao thod tan tir P; cao nhat.

Do @ la lwgng tir don diéu tang nén theo (3.4), ta ¢ Ng i are pap, = Holka/i), Vi
ko = |ker(rp,ap,)|-

Vi pg(ke/i) la ham giam theo i va 1 —m),, |(¢) la ham tang theo ¢ nén twong tur cong thitc
(3.6), ta co:

Ng P, r are P, = med(ﬂ@(/@//ﬁ% o pgka/n), L= pp (tera), -, 1 — ppy (tn)>7

v6i gid thiét » = {t1,ta, -+, t,} thod pp, (1) > up, (t2) > - > pp, (tn).
Trwong hop Q la lwong tie don diéu giam:

Twong tur trén, ta cé két qua trong trwdng hop @ 13 lwong tir don diéu gidm:
Mg by v are p = ed(pgha/kn). -+ (ks /n), wp, (), -+ i, (1))

va Ng p, r are p, duroc tinh theo cong thire (3.8), véi Ng i 4re pap, diroc tinh theo cong thite:

NQ rt are PyAPy — med(ﬂ@<1/z>7 to 7”@((2 - 1)/Z>7 1- HPi AP, (t1>7 M) 1- HPi AP, (tl>>

T nhitng két qua tinh toan trén, thuat toan duwdi day cho phép kiém tra do tin cay cia
luat tong két dir lidu c6 dang “Q Py r are Py”, véi lwong tir Q 1 don diéu tang. Trong thuat
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todn nay ding mang M cdc ban ghi v6i hai thanh phan p,, pe, twong tng chita do tin cay cia
cdc tan tir P;, P; A P, cho moi bo ciia quan hé ». Ngoai ra, thuat toan dung 2 mang NL, NU
véi ¥ nghia nhuw trong Thuat toan 3.1.
Thuét toan 3.2. Kiém tra do tin cay cia luat “Q P r are Py, v6i Q 1a lwong tir don diéu
tang.
Input: r la mot quan hé v6i dir lieu mo
Lwong tir don diéu tang @
Tan tir Py, P, trén cdc bo cua quan hé r
Nguong xac dinh do tin cay cho do do kha nang va can thiét, twong tng «, 8.
Output: True néullg p r are Py = @ VA NG Py 1 are P, = B
False  trong truong hop nguoc lai.
Format: SatRule2(Q, r, Pi, P, a,8)
Method:
Var
M : Array|l..n| of Record p1, pa: Real; End;
NL, NU : array[1..n| of Real;
Begin
/* Tinh do thoa tan tix Py, Py, Pi A Py cla cdc bo trong r */
k1 :=0; ks :=0;
For i:=1tondo
x = pp, (t);
Y i= pp, (t:);
z :=min(z, y);
If x =1 then k :=k; +1;
If 2 =1 then ks := ks + 1;
Insert(z, z, M);
EndFor
/* Khéi tao gid tri ban dau cho cdc mang NL, NU */
h:=n— kq;
For i:=1 to h do NL[i|:=0;
For i := h+1to 2h — 1 do NL[i]|:=uq (ka/ (2n — i — 1));
For i:=1to h—1 do NUJi|:=ug(ke/(n — 1 —4));
For i:=h to 2k — 1 do NU[¢]:=1;
P:=0; N:=0;
/* Tinh toan va kiém tra do tin cay */
For i:=1tondo
If (M[i].jn < @) or (MU[h] < B8) then Return False;
Py i=med (ug(1/i), -+ (i = 1)/1), M[1.pz, -, M)
Insert0(1 — M[i].p1, NL);
Insert1(1 — M|[d].p1, NU);
P.= max(R min( P, M[z]uﬁ) ;
If (P > a) and (NL[h] > 8) then Return True;

M
M
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EndFor
Return (P > «a) and (NL[A]) > 8);
End
Chii §:
Thi tuc Insert0(z,M) va Insert1(z,M) nhu trong Thuat todn 3.1. Thu tuc Insert(x, z, M)
chen z, z vao mang M da dwoc sap gidm theo thanh phan us.
Pinh 1y 3.4. Thudt todn 3.2 la ding dan va cé @6 phite tap la On®), véin = |r|.
Chitng minh. V&i nhirng cong thie tinh g p, » are £, Va Ng p, » are p,, trong trwong hop
@ 1a lwong tir don diéu tang da xay dung, de thay két qua tinh todn cia thuat todn cho ta
P:HQ Py r are Ps, Vé’ N:NQ Py r are Py

Thuat toan dirng khi xay ra dieéu kién NU[h] < 8 hoac NL[h] > 3, twong tw nhu trong
Thuat toan 3.1.

Tai moi buéc lap tinh gid tri P ta luon ¢ P <1lg p, » are p,, N€N tai buéc ndo dé ma ta
¢6 P> athilly p, » are p, > . Trong truomg hop nay két hop véi diéu kién NL[A] > 8 thuat
toan dirng va trd ve két qua True 13 ding.

Vi gid tri up, cla cac bo trong r dwoc sap theo thit tu gidm trong mang M, ma tai budc
thit 4 — 1 néu P < a va M[i].uy < a thi tir phép gan P := max(P, min(P;, M[i].ju1)) ta thay rang
bat dau tir buée thit 4 tré di ta luon ¢6 P < o. Do d6 g P, r are p, < . Thuat todn dirng
tai bwéde thit ¢ va két luan False 13 ding.

Ddnh gia do phitc tap:

Poan chuwong trinh tinh pp,, up, lip » lan thd tuc Insert. Thue chdt day 14 doan chuwong
trinh sap xép bang chén truc tiép trén mang M nén do phic tap 1a O(n?).

Doan chwong trinh tinh Ilg p, » are P, V& Ng p, » are p, trong truong hop xau nhat lap
n+ 1 lan (trwdomg hop k; = 0). Trong vong lip nay, cong viéc ldp ¢é do phikc tap 1én nhat 1a
tinh P, :— med (NQ(1/Z')7 oG = 1) /1), MLz, - - 7M[i].u2>7 c6 d6 phite tap 1a O(n?). Do
d6 doan chuong trinh nay ¢6 dé phite tap 1a O(n?). Pay cing la do phitc tap cia thuat todn.

|

3.3. Dé.ll’lg Ql P1 r 0 Q2 P2 r

Trong [11], d6 tin cay cua luat dang nay dwoc danh gid qua dang twong dwong “Q1 Py r are P”,
véi P 13 tan tir 4p dung cho moi bo ¢; cla » va dwoc danh gid bdi cong thite: pp(t;) =
g, P r are tion, VOi ;00 1a phép hop thanh moét gid tri mo cia bé ¢; véi phép so sanh mo 6
(xem 2.1).

Pinh ly 3.5. Cho @, la lwong tic unimodal duwgc phin tich thanh giao cia hai lwong tie don
diéu Q1 = Qra NQ1q. Khe do voi mot quan hé r, vé1 mot luong ti Qo, v&1 mot tan i Py, Ps
trén quan hé r, vdi moi todn tit so sanh 0, ta cé

HQl Prr 0 Q2 Par :min<HQ1a Prr o Q P2 T7HQ1d P r o Q2 P2 T>7

NQl Prr 0 Q2 Par :min<NQ1a Prr o Q P2 T7NQ1d Prr 0 Q2 P2 T)'

Chatng minh. Dé dang chirng minh nho két qua cia Dinh 1y 3.3. n

Hé qua 3.3. Vi gia thiét nhu Dinh Iy 3.5, ta ¢
HQl Prr 0 Q2 P2 r 2 a khi va Chl}khiﬂ@la Prr 6 Q2 P r2Q vdHQld Prr 0 Q P2 r 2 Q,

Ng, Piroqs Por =B khiva chikhi Ng,, piro g, Por =B Vi Ng, Progs Pyr>
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Chitng minh. Dé dang. n
Thuét todn duéi day cho phép kiém tra luat tong két dit lidu cé dang “Q, Py r 0 Qy Py r”
cho lwong tir @, la don diéu tang. Thuat toan nay twong tu Thuat toan 3.2.
Thuét toan 3.3. Kiém tra do tin cay cua luat “Qq Py r 0 Qo Py r”, v&i Qq 1a lwong tir don
diéu tang.
Input: r 1a moét quan hé v4i dir lieu mo
Q1, Q2 la cac lwong tir, trong dé @, la lwong tir don diéu tang
Tan tir Py, P, trén cdc bo cia quan hé »
Nguong xac dinh do tin cay cho do do kha nang va can thiét, twong ting «, 8.
Output: True néullg, p, r 0 Qs Py r 2 VA NG, P, 1 0Gs Py r > 3
False  trong truong hop nguoc lai.
Format: SatRule3(Qi, Q2, r, P, P2, o, 3 )
Method:
Var
M : Array|l..n| of Record p1, pa: Real; End;
NL, NU : array[1..n| of Real;
Begin
/* Tinh do thoa tan tir Py, P cia céc bo trong r */
k1 :=0; ks :=0;
For i:=1tondo
x = pp, (t);
y =T, P, r are 106, /¥ Thay déi so véi thuat todn 3.2 */
z :=min(z, y);
If x =1 then k :=k; +1;
If 2 =1 then ks := ks + 1;
Insert(z, z, M);
EndFor
-+ /* Nhu thuat toan 3.2 */
End

Pinh 1y 3.6. Thudt todn 3.8 la ding dan va c6 @6 phite tap la O(n*) véin = |r|.

Chitng minh. Tinh ding din cia thuat todn da dwoc kiem chimg qua tinh ding dan cda
thuat toan 3.2. Theo dinh 1y 3.4, d6 phiic tap cia thuat toan tinh Ilg, p, » are 1,00 12 O(n?).
Do dé dé thay do phitc tap cia thuat toan 1a O(n?). n

4. KET LUAN

Nhitng két qua tinh toan do tin cdy cia mot sé dang luat tong két dir liéu dwoce trinh
bay trong bai bao 14 co s& tot cho viec xay dung cac thuat toan tinh todn va kiém tra do tin
cay cua céc luat v4i nguong cho trude. Nhirng thuat toan siv dung ky thuat heuristics tao
nhitng diém dirng hop 1y, giip cho viéc két thiic thuat toan dwoc sém hon. Dieu nay c¢é y
nghia trong viéc khai théc céc luat tir nhirng co s& dir lieu 1é6n. Mic dit da ¢é nhirng cai tién
nhung mot s thuat toan van c¢é do phite tap kha 16n va 1a mot trong nhirng tré ngai khi
khai thdc cdc luat tir dir lieu. Cdc thuat todn nay ching toi ti€p tuc nghién ctru va cai tién
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dé tot hon.

L&i cam on

Téc gid xin chan thanh cdm on PGS.TS. Ho Thuan da déng gép nhirng ¥ kién quy biu trong

qué trinh hoan thanh bai bao nay.
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