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MOT THUAT TOAN TiM TAP RUT GON
TRONG BANG QUYET BINH KHONG PAY PU

HOANG THI LAN GIAO

Khoa CNTT, Truong Pai hoc Khoa hoc- Pai hoc Hué

Abstract. The aim of this work is to generalize the concept of knowledge reduction to class of
incomplete decision tables. By innovating the method of J. Liang and Z. Xu [3], which based on
rough entropy, we establish a heuristic algorithm for finding a reduct of incomplete decision table.
The time complexity of this algorithm is O(k‘n2 log 1), where k is the number of conditional attributes
and 7 is the number of objects in data table.

Tém tdt. Bai bdo mé rong khéi niém rit gon tri thirc 1én 1ép céc bang quyét dinh khong day du.
Béng cich cdi tién phuong phép cia Jiye Liang va Zongben Xu [3], dua vao entropy tho da thiét
lap mot thuat téan Heuristic dé tim rit gon clia bang quyét dinh khong day di. D6 phitc tap cia
thuat todn nay 1a O(kn?logn), véi k 14 8 thude tinh diéu kién va n 13 sd déi tuong trong bang.

1. MO PAU

Dai véi cde mo hinh dir lieu 16n, rat de xay ra tinh trang dir liéu bi thiéu bédi nhiéu 1y do
khdc nhau. Viéc rit gon tri thitc sé gip khé khin trong cdc hé thong thong tin khong day
dd néi chung va dic biét trong bang quyét dinh, cdc luat quyét dinh dwa ra sé khong day
did. Thong thuwdong, dir lieu thiéu thong tin roi vao mot trong ba truong hop [9]: khong ¢
thong tin ve dir lieu (khong biét mot ngudi nao dé cé s6 dien thoai hay khong), khong ton
tai (khong c6 chitc vu), ton tai nhung khong biét (ngay sinh). Trong khuon khé bai bdo, ta
chi nghién citu bang quyét dinh khong day du véi gid tri thude tinh bi mat do ton tai nhung
khong biét. Mot thuat todn tim tap rit gon dwa vao khai niém entropy thoé véi bang chita
dir liéu bi thiéu loai nay ciing da dwoc dé xuat.

2. CAC KHAI NIEM

2.1. Hé théng thong tin khéng day dd

Cho A = (U, A) 1a mot hé théng thong tin véi U la tap hiru han, khic rong céc doi twong
va A la tap hitu han, khdc rong cdc thudc tinh. Véi moi w € U va a € A ta ky hieu u(a) 1a
gi4 tri thudc tinh a cia doi twgng w. Néu X C A 14 mot tap cdc thudce tinh ta ky hieu u(X)
14 bo gom céc gid tri u(a) véi a € X. Vi vay, néu u va v 1a hai d6i twong thudc U, ta sé& néi
w(X) = v(X) néu u(a) = v(a) véi moi thuoc tinh a € X. Tap tat cd cic gid tri cia thude
tinh a la V.

Bang quyét dinh 1 mot hé thong thong tin véi tap thude tinh A gom hai tap con roi nhau
C va D, trong dé tap C dwoc goi la tap thudc tinh diéu kieén va D 1a tap thuoc tinh quyét
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dinh.

He théng thong tin A dwoc goi 1a khong day du néu ton tai thude tinh a € A va déi twong
w € U ma gid tri u(a) bi mat hay néi cach khic V,, chira gid tri null. Gia tri nay trong bang
chung ta se ky hieu bédi ky tu “*”.

Twong tw nhw vay, ta ¢6 khdi niém bang quyét dinh khong day du.
2.2. Quan hé khéng phéan biét dugc trén hé théng thong tin khong day dd

Cho hé thong thong tin A = (U, A). Vé&imdi tap con céc thuoc tinh B C A, ta dinh nghia
quan hé hai ngdéi IND(B) trén U xdc dinh béi:

IND(B) = {(u,v) € U x U | w(B) = v(B)}.

IND(B) dwoc goi la quan hé B—khong phan biét dwoc. Dé kiem ching dwoc rang day 1a
mot quan hé twong dwong trén U.

Néu (u,v) € IND(B) thi hai déi twong u va v khong phan biét dwge bdi cde thuoc tinh
trong B. Lép twong dwong chira phan tir u dwoc ky hiéu [u]g. Khi dé quan hé IND(B) duoc
xdc dinh hoan toan bdi céc 16p twong dwong [u|g, v € U. Tap hop thuong cia quan heé
IND(B) dwoc ky hiéu U/B, titc 1a U/B = {[ulg | u € U}.

Trong trudomg hop heé thong khong day du, ta dinh nghia quan hé hai ngoi trén U, ky hiéu
SIM(B), véi moi B C A.

Dinh nghia 2.1. [3]

SIM(B) = {(u,v) € U x U | Va € B,u(a) = v(a) hoic u(a) = * hodc v(a) = *}.

Ro rang,

SIM(B) = () SIM({b}).

beB

Ky hiéu Sp(u) = {v € U | (u,v) € SIM(B)} va goi la 16p tolerance cia quan hé SIM(B),
Sp(u) latap toi da cic doi twong v khéng phan biét dwogc véi u bang tap thuoc tinh B. Khi dé
trén U ta phan 16p cdc ddi twong dura vio quan hé SIM(B), moi 16p 14 mot tap Sp(u),w € U.
Ho céc 16p nay duge ky hiéu U/SIM(B), day 1a mot phi cia U (e Sp(u) = U), va moi
phan tir trong ho nay déu khéc rong do quan hé SIM(B) ¢6 tinh phan xa (Sp(u) D {u}). Néi
chung, day khong phéi 1a mot phan hoach cia U va SIM(B) cing khong phai 14 mot quan
hé twong dwong. Tuy nhién, trong truwomg hop hé thong day did, quan hé SIM(B) trung véi
quan hé IND(B), va khi dé Sp(u) = [u]g,Vu € U hay U/SIM(B) = U/B.

Vi du 2.1. Xét hé thong thong tin khong day du véi ba thudce tinh: A ={Than nhiét, Pau
dau, Pau co} cho trong Bang 1.
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Bdng 1
U | Than nhiét | Pau dau | Pau co
1 cao * khong
2 rat cao c6 c6
3 * khong | khong
4 cao c6 c6
5 cao * cé
6 | binh thuong c6 khong
7 | binh thuong | khong c6
8 * c6 *

Ta cé:

Sa(1) =A{1,3,8};54(2) = {2,8};

Sa(3) = {1,3};54(4) = {4,5,8};

Sa(5) = {4,5,8};54(6) = {6,8};

Sa(7) ={7};54(8) = {1,2,4,5,6,8}.

U/SIM(A) = {{1,8};{2,8};{1,3};{4,5,8};{4,5,8};{6,8}; {7,8}; {1,2,4,5,6,8}}.

Vé6i B = { Than nhiét, Pau co}.

Sp(1) ={1,3,8}; Sp(2) = {2, 8}

Sp(3) ={1,3,6,8}; 5p(4) = {4,5,8}

SB<5) - {47 5, 8}; SB<6) - {37 6, 8};

Sp(7) ={7,8}; Sp(8) = {1,2,3,4,5,6,7,8}.

Pinh nghia 2.2. Thudc tinh diéu kién ¢ € C' dwoc goi 1a khdng ¢t yéu trong bang quyét
dinh T néu U/SIM(C \ {c}) = U/SIM(C \ {c} U D). Nguoc lai, ¢ dwoc goi la cot yéu.

Bang quyét dinh khong day did T dwoc goi 1 doc 1ap néu moi thudc tinh ¢ € C déu cot
yéu. Tap tat cd cac thude tinh ¢t yéu trong T dwoc goi 1a 161 va dwoc ky hiéu Core(C). Tir
day, ta quy udc viet Core thay cho Core(C').

Pinh nghia 2.3. Tap cdc thuoc tinh R C C dwogc goi 1a mot it gon cia tap thuoc tinh diéu
kien C néu T = (U, RU D) I doc lap va U/SIM(R) = U/SIM(RU D).

RO rang la ¢6 thé c6 nhieu tap it gon cia C. Ta ky hieu RED(C') 1 tap tit ci cdc rit
gon cia C trong T. Mot thuoc tinh 1a ¢t yéu khi va chi khi né thuoc vao moi tap rit gon
cua C.

Hai dinh nghia trén 1a su mé rong cia cic dinh nghia vé thudc tinh khong cot yéu va rit
gon trong bang quyét dinh (day du). Ro rang khi T day du, ta cé

U/SIM(C\A{c}) = U/SIM((C\{c})U D)
& U/(C\{e}) = U/((C\{c})UD)
Card(H(C \{c}) = Card(H(C \ {c}H)uD)

& ¢ 1a thuoc tinh khong cot yéu (theo [2]).

i3
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3. ENTROPY THO
Khai niém entropy thé da dwoc gidi thieu trong [1, 6], & day, ta nhac lai khai niém entropy
tho cida tri thirc trong hé thong khong day dd do Jiye Liang va Zongben Xu dé xuat.

Pinh nghia 3.1. Cho hé théng thong tin khong day du A = (U, A) vaB C A. Entropy tho
cua tri thirc B la gid tri

E(B) _ _z; |Squ$i)|1og|SBixi)|y

v6i Card(U) = n, |Sp(z)| 1a ky hiéu cia Card(Sp(x)) va loge la k¥ hiéu cia logyz. Khi dé
S 7 ~ ~ ~ e ~ ’ N N ’ ~ 3
M la xdc suat dé mot doi twong trong U thude 16p Sp(x;) va ———— la xéc suat cia
. : e
mot doi twong trong 16p Sp(x;) va bang ;.
Tir dinh nghia trén, ta cé cic tinh chat cia entropy tho trong hé théng thong tin khong
day du A = (U, A) [3].
Tinh chét 3.1. Cho P,Q C A. Néu ton tai mot song dnh h : U/SIM(P) — U/SIM(Q) sao

cho

[h(Sp(@:))| = [Sp(i)], = 1,2, U],
thi

biéu nay c6 nghia la entropy tho cuia tri thire 1a bat bién déi véi tap cdce 16p U/SIM(P)
dang cau.

Tinh chét 3.2. (Pon diéu gidm) Cho B,C C A. Néu B C C (ré rang khi 6 U/SIM(C) C
U/SIM(B)) thi E(C) < E(B).

Tinh chat nay chi ra rang s6 16p tolerance trong U/SIM(B) cang 16n thi entropy thé ctia
tri thitc cang gidm.

Tinh chét 3.4. (Tuwong dwong) Cho C C A. Khi @6 U/SIM(C) = U/SIM(A) néu va chi
néu E(C) = E(A).

Nhuw vay, néu tap C C A thi sw phan 16p cia quan hé SIM(C') twong dwong véi sw phan
16p clia quan hé SIM(A) khi va chi khi entropy ciia hai tap thuéc tinh nay bang nhau.
Tinh chat 3.5. (Cuc dai) Cho C C A. Gid tri cuc dai cia entropy tho cia tri thicc C bang
|Ulog|U|, dat dwoc khi Sc(x) = UVx € U. Lic do U/SIM(C) = {U}.

Entropy dat cuc dai khi moi 16p cia U/SIM(C) déu bang U. Diéu dé ciing cé nghia la
thong tin nhan dwoc tir tap thuodc tinh twong tng cé do tin cay bé nhat.
Tinh chat 3.5. (Cuc tieu) Cho C' C A. Gid tri cuc tiéu cia entropy thé cia tri thitc C
bang 0, dat dvoc khi Sc(z) = {x}va € U.

Entropy dat cuc tiéu khi moi 1ép tolerance chi chita diing mot phan tit va nhw vay thong
tin nhan dwoc dwa vao tap thuoc tinh twong tmg chiac chan nhat.
Ménh dé 3.1. Cho T = (U,C U D) la bdng quyét dinh khong day di. Khi @6, tap R C C la
mot it gon cia tdp thudc tinh dicu kién C trong bing néu va chi néu R la tdp t6i ti€u thod
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man F(R) = E(RUD).
Chitng minh. Bat T' = (U, RU D).

R 1a tap rat gon & T'doclap vaU/SIM(R) = U/SIM(RU D)
& Vee RU/SIM(R\A{c}) #U/SIM(R\ {c}UD)
va U/SIM(R) = U/SIM(RU D)
& R 1A tap t6i tieu va E(R) = E(RU D)
( theo tinh chat twong dwong)

4. Y NGHIA CUA THUOC TiNH

Pinh nghia 4.1. Cho T = (U, C U D) la bang quyét dinh khong day di. Y nghia cia thude
tinh ¢ trong C, ky hiéu sigen g, (c), duge xdc dinh

sigene (¢) = BC\ {e}) = B(C\ {e}u D),

Ménh dé 4.1.
a) 0 < sigey (o} (c) < |U|log|U].
b) ¢ € C la thugc tinh cot yéu trong C' néu va chi néu sigen 1(c) > 0. Khi d6,

Core(C) = {c € C | sigen (4 (c) > 0}.

Chitng minh.

a) 0 < E(C\{c}) — E(C\{ctUD) viC\ {c} C C\ {c}UD. Mit khéc, theo tinh chét
cuc tieu E(C\ {c} UD) > 0 va tinh chat cue dai thi E(C\ {c}) < |U|log|U|. Ta cb
Ullog|U] = E(C\{c}) = E(C\{c}) = E(C\ {c}UD) >0 hay 0 < sige\(e(c) < [Ullog|U].
b) ¢ € C la thudc tinh ¢ot yéu trong C' néu va chi néu U/SIM(C\ {c}) # U/SIM(C\{c}UD).
Tic la, E(C\{c}) — E(C\ {c} U D) > 0 hay sige g (c) > 0. R6 rang, khi d6 Core(C') =
{c € C | sigenga(c) > 0} |
Pinh nghia 4.2. Cho T = (U, CUD) la bang quyét dinh khong day di, R € C vac e C\ R.
Y nghia cia thudc tinh ¢ ddi véi R, ky hiéu sigg(c), dwoc xdc dinh

sigr(c) = E(RUD) — E(RU{c}UD).

5. THUAT TOAN TIM TAP RUT GON

Dura vao céc tinh chdt cia entropy thoé va ¥ nghia cila mot thuodc tinh, bai bdo dé xuat
mot thuat toan Heuristic tim tap rit gon trong bang quyét dinh khong day di. Thuat todn
nay xuat phat tir tap 16i (bdi vi moi tap mit gon déu chita tap 16i) va tim céch bo sung cic
thuoc tinh cho dén khi nhan dwoc tap rit gon thue sw. Thudc tinh dwoc wu tién chon bo
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sung tai moi buwéce la thude tinh cé ¥ nghia lén nhat. Cu thé, thuat todn cé thé dwoc trinh
bay chi tiét nhu sau.
Vao: Bang quyét dinh khong day di T = (U, C'U D).
Ra: Mot rit gon R cua T.
Phuong phdp
B1. Tmh Core(C') := {c € C | sigen (3 (c) > 0}
B2. R := Core(C)
B3, Tmh E(R) vd E(RUD)
B4. While E(R) # E(RU D) do
1. Forc € C\ R do
Tinh sigp(c)
2. Chon ¢ sao cho siggp(c) = max{sigr(c’) | ¢ € C'\ R}
R:= RU{c}
3. Tinh E(R), E(RU D)
B5. R:= R\ Core(C)
B6. For ¢ € R do
1. If E((R\ {c})UCore(C)) = E((R\ {c}) UCore(C) U D) then
2. R:=R\{c}
B7. R:= RU Core(C)

Do phitc tap tinh todn cda thuat todn nay dwoc xéc dinh bdi vong lap while & B4. (vong
lap nay thuwe hién t6i da Card(C) lan, do sau moi bwéce, s6 thude tinh dwoc chon tang lén 1).
Tai moi buéce cia vong lap, ta can tinh sigp(c), véi moi c € C'\ R va tinh E(R), E(RU D).
Viéc tinh sigp(c) cing dwa vé tinh entropy tho. Vi vay, néu goi n la s6 doi twong trong
bang quyét dinh va k 1a s6 thudc tinh diéu kién twong tng, thi tai moi buwéc cia vong lap
ta can tinh t6i da k gid tri entropy tho. Mait khéc, dua vao cong thirc ciia entropy tho, ta
danh gid dwoc do phitc tap tinh todn cia phép todn nay la O(n’logn), vi mdi lan tim mot
16p U/SIM(R), ta phai sip xép cic doi twong trong U véi do phitre tap cia phép sap xép la
O(nlogn). Nhur vay c6 thé khing dinh do phitc tap tinh todn ctia thuat toan la O(kn?logn).

Vi du 5.1. Xét bang quyét dinh trong [11] dugc cho béi Bang 2.

Bdng 2

U C1 Co C3 Cq d

up || low 2 | compact | 4 | high
uo || low 4 | sub 6 | low
ug || medium | 4 | compact | 4 | high
uy4 || high 2 | compact | 6 | low
us || high 4 | compact | 4 | low
ug || low 4 | compact | 4 | high
w7 || high 4 | sub 6 | low
ug || low 2 | sub 6 | low

Bang 2 lru thong tin vé 8 chiéc xe hoi nhan dwoc thong qua cic thuoc tinh diéu kien C =
{c1(Weight), ca(Door), cs(Size), ca(Cylinder)} va thudc tinh quyét dinh D = {d(Mileage)}.
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Trong bang nay, ta ¢é tap thuoc tinh 16i 1a {c1} va ¢6 hai tap rit gon Ry = {c1, 3}, Ro =

{01, 04}.

Giad st vi mot Iy do nao dé ta khong c¢é duwoc thong tin day dd nhu trén, mot s6 gid tri

cla cac thuoc tinh bi mat (Bang 3)

Bdng 3

U C1 Co C3 Cq d

up || low 2 | compact | 4 | high
ug || * 4 | sub 6 | low
ug || medium | 4 | compact | 4 | high
uy | high 2 | compact | * | low
us || high 4 | * 4 | low
ug || low 4 | compact | 4 | high
ur || high * | sub 6 | low
ug || low 2 | sub 6 | low

Thuc hién tirng buée thuat todn trén ta thu dwoc két qua sau:

B1. Tim loi:

Xét C1
Sengery(ur) = {u,wal;  Scupngey(w) = {ur},
Scnfery(u2) = {u2, ur}; Sicup)\fer} (u2) = {u2, uz},
Sengery(us) = {us, us,us};  Sicup)\fer} (us) = {us, us},
Scnfery(ua) = {1, us}; Sicup)\fery(wa) = {ua},
Sengery(us) = {us, us,us};  Sicup)\fer} (Us) = {us, us},
Scnfery (us) = {us, us, ug }; Sicup)\fer} (us) = {us, ug},
Serfery (ur) = {ug, uz,us};  Sicup)\fe3(ur) = {uz, uz, us},
Scnfery (us) = {ur, us}; Sicup)\fer} (us) = {ur, ug}.

Sigeniey(e1) = E(C\{e1}) = E(C\ {1 }) UD)
- S c i - S c i
-y |Scnfeny (u )|1Og 1 'y [Sertepun(a)l 1
— n 1Sty (wi)] - = n |S(crferpyup(ws)]
9 1
= Slog3— 7 > 0.

Do dé ¢; 1a thuoc tinh cot yéu.

Xét ()]
Scnfeny(w1) = {u1, ug}; S(cup)\fea} (w1) = {u1, ug},
Scnfeny (u2) = {u2, uz, ug}; S(cup)\fes} (u2) = {u2, uz, ug},
Scnfeny (us) = {us}y;  Stcup)\fes}(ua) = {us},
Scnfeny (ua) = {4, us}; S(cup)\fes) (wa) = {4, us},
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Senfeay (us) = {ua, us};
Senfeay (us) = {u1, us};
Sengeay(ur) = {uz, ur};
Senfeay (us) = {uz, us};
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CuD)\{CQ}(’%) - {4, us},
CuD)\{CQ}(UG) = {u1, us},
CuD)\{CQ}(W) - {ug, ur},
CUD)\{en} (U8) = {uz, us}.

Sigon(es3(c2) = E(C\{c2}) = E(C'\ {e2}) UD) = 0.

Do dé c¢o khong phai 1a thuoce tinh c¢ot yéu, twong tu, c3 vaes cling khong phai 1a thuoc

tinh ¢t yéu. Hay néi cdch khac Core = {c1}.
B2. bat R :={c1}.
B3. Tinh E(R) v E(RU D).

Sr(u) = {uq, ug, ue, us};
Sr(ug) = {1, ug, us, ug, us, ug, Uy, ug};
Sr(us) = {ug, us};
Sr(uy) = {ug, ug, us, ur };
Sr(us) = {ug, ug, us, ur };

7

{uly Ue, U’S}a
{u27 Uy, U5, ’U,7},

{uly U2, Ug, U’S}a

<
)

7

2
5

AN TN TN TN TN N TN N

I
©

e e e e S e e S

7

B4. Ta cé, E(R) # E(RU D). Vi vay chiing ta sé kiém tra xem trong ba thudc tinh con lai

Srup(u1) = {u1, us},
Srup(uz) = {2, uyg, us, ur, ug},
Srup(us) = {us},
Srup(us) = {2, ug, us, ur},
Srup(us) = {2, ug, us, ur},
Srup(ug) = {u1, us},
Srup(ur) = {2, ugus, ur},
Srup(ug) = {u2, ug}.

thuoc tinh nao cé y nghia hon déi véi R dé chon bo sung vao R.
Truée hét ta xét Sigr(cz) = E(RUD) — E(RU {c2} U D).

{uw},

{ug, us, ur},
{us},

{us, ur},

{ug, us, ur},
{us},

{ug, ug, us, ur},

{us}

1
Sigr(es) = g((3X4xln4+3X2Xln2+5><ln5)—(2><3><ln3+4><1n4+21n2)).

Tuwong tu ta cé

1
SigR(03):g((3X4Xln4+3X2Xln2+5><ln5)—(3><1n3+2><4><1n4+4><2><ln2)),



Sigr(cy) =

1
g((3><4><1n4+3><2><ln2+5><1n5)—
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(3xIn3+2x4xInd+4x2xIn2)).

Nhu vay sigg(cz) 16m nhat va ta chon ¢ bo sung vao R.

Bay gio ta xét R =

Sigr(ca).

Srufeup(u1
(
(
(

SrU{esyup(ur

Sigr(cs) =

va,

Sigr(cy) =

Nén ta chon Cy vao R. Lic nay, véi R = {c1,c2, ¢4} ta 6 E(R) =

{c1,¢2}, ta c6 E(R) # E(RUD).

Do dé lai tinh tiép Siggr(cs) va

= {ui}; Skrufesyup(uz) = {u2, us, ur},
= {us};  Srufesyup(ua) = {ua},
= {uz, us,ur};  Srugesyun(us) = {us},
= {uz, us,ur};  Sgugesyun(us) = {us}.
)= {ui};  Skrufegup(uz) = {ug, ur},
)= {us};  Srufegup(ua) = {ug, ur},
)= {us};  Srugegup(us) = {ue},
)= {uz,us,ur};  Srufegyup(us) = {us}.

1
g((2><3><1n3+4><1n4+2><1n2)—

1
g((2><3><1n3+4><1n4+2><1n2)—

(3x 3x1In3))

(2x2x1In2+ 3x1n3)).

E(RUD,).

B5 va B6. Theo trén ta c¢é {c1, co} khong phai la tap rit gon. Ta chi con xét {c1, ¢4}

Ro6 rang, E({c1, ¢4

{ut,ue};  Sieyeayup(ur) = {u1, us},

{uz, ug, uz,ug};  Sgepepupluz) = {u2, ug, uz, ug},
{us};  Siepeaun(us) = {us},

{uz, ug, us,ur}; St epup(ta) = {u2, ug, us, ur},
{ug,us};  Sieyeayunlus) = {4, us},
{ut,ue};  Sieyearunlus) = {u1, us},

{uz, ug,ur};  Steepuplur) = {u2, ug, ur},
{uz,us};  Sieyeayun(us) = {u2, ug}.

N=F

({c1,c4}UD). Vi ¢ la thuoc tinh cot yéu va {c1} khong phai la

tap rit gon. Vay tap rit gon doi véi bang quyét dinh khong day du nay la R = {e1, eq}-
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