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TOM TAT — Luat quyét dinh dang “IF diéu_kién THEN thuc_thi” 1a mot trong nhitng loai tri thtrc dwoc st dung phé bién
nhat ctia con ngudi do tinh dé hiéu va dé van dung. Hoc luat (Rule Induction), mét hwéng nghién ciru dwgc quan tim trong
nganh Khoa hoc dit liéu, nham trich xuit ra tip luat quyét dinh tir cc tap dit liéu huin luyén. Bai bdo tap trung vao viéc hé
thoéng hoda céc cach ti€p cin chinh trong Hoc luat, dong th&i néu ra di€ém manh va yéu cla cadc phwong an trén. Bai bio cling
chi ra thach thirc va cac hwéng nghién ciru dang dwoc quan tim trong Hoc ludt.

Tir khoa— Data Science, Data Mining, Rule Induction, Covering method.

I. GIOI THIEU

Luit quyét dinh dang “IF diéu_kién THEN thuwc_thi” 12 mét trong nhitng loai kién thirc ma con ngudi sir dung
thuong xuyén nhat, dé hiéu nhat va st dung sém nhit. Con ngudi thu thap kién thirc vé luat quyét dinh thong
qua viéc day dé ciia cha me hay thiy c6, hodc tw hoc héi thong qua cac trai nghiém ctia ban than. Trai qua sudt
cudc doi cia minh, con ngwdi tw hoc rat nhiéu luit quyét dinh cling nhw diéu chinh cac luit da biét.

Bai todn phan 16p (Classification) la mot bai todn phé bién nhit trong khai pha dit liéu (Data Mining) va hoc may
(Machine Learning), trong d4, cic bo phan loai (Classifier) sé phin mot ddi twong dit liéu chwa biét vao mot
trong nhirng 16p da dwgc xac dinh. Chit lwong ctia mot b phan loai dwoc danh gia qua nhiéu tiéu chi, trong do,
do6 chinh x4c (accuracy) 1a tiéu chuin dwoc sir dung phd bién nhit.

Hoc luat quyét dinh (Rule Induction), hay con goi 1a giai thuit bao phu (Covering Method), 1a mot trong nhitng
ky thuit dwoc str dung phd bién trong bai todn phan 1é&p. Hoc luit tip trung vao viéc trich xuit cac luit quyét
dinh dang “IF diéu_kién THEN thwc_thi” tir tip dit liéu hoc. V&i mot tip dir liéu hoc, dwoc goi 1a tip dit liéu huin
luyén (training data set), trong d6 mdi phan tir sé dwoc gan cho 1 16p, giai thuat hoc luat c6 thé hoc ra cac tap
luat quyét dinh (Ruleset) c6 thé phan 16p cho cac dir liéu chwa biét. TAp dit liéu dung d€ danh gia hiéu qua cda
tap luat da dwoc hoc ra, dwoc goi 1a tp dir liéu thit nghiém (test data set). Tap luit néu c6 kich thwéc nho thi rat
dé dé nguwoi dung hiéu va kiém soat duoc. Tuy nhién, khi tap luat cé kich thwéc 1én, chat lwong cda tap luat rat
kho kiém soat, nguwdi dung rat khé chon luat nao ding dé van dung.

Hoc luit quyét dinh dwoc 4p dung thanh cong trong nhiéu linh viec khac nhau. Trong y hoc, hoc luat quyét dinh
hd trg bac si xac dinh bénh tw ky [1] & cAc bénh nhan. Trong sinh hoc, hoc luat quyét dinh gitup phan loai sy da
dang sinh hoc [2] hay st dung trong hé th6ng sinh hoc vé ung thw [3]... Hoc luit quyét dinh ciing dwgc dung dé
xac dinh qui luit trong cac hé théng phat hién xAm nhip (Intrusion Detection Systems) vao mang may tinh [4]
hay du doan cac bao dong nghiém trong trong mang vién thong [5].

Bai bdo ndy nham dwa ra mot ban danh gia tong quan vé cac giai thuat hoc luat quyét dinh. Phan con lai cia bai
bao nay dwoc trinh bay theo b6 cuc sau: phan II trinh bay vé cac cach tiép cin chinh trong hoc luat; phin III trinh
bay vé cic nghién ciru dang dwoc quan tAm trong hoc luit va phan IV 1a két luan.

II. CAC CACH TIEP CAN CHINH TRONG HOC LUAT
A. HOC TU'NG LUAT VO'I TAP HUAN LUYEN SUY GIAM DAN
Giai thuat tém tit: xem Hinh 1.
C4c giai thuit dién hinh: AQ [6], CN2 [7], GuideR [8].
Mot s6 nhin xét vé cach ti€p cin nay:

e Dic diém cha gidi thuat trong cich tiép cin nay 1a st dung mot chu trinh trén tip dir liéu huin luyén
hién thoi Deurrent d€ tuln tw sinh ra tirng luit cho dén khi diéu kién két thic cua giai thuat dwoc thoa.
biéu kién két thic thong dung 1a kich thwéc tAp Deyrrene chira cac phan ti di liéu chwa dwoc bao pht con
16n hon khong. D€ xt Iy nhiéu hay hoc qua mirc (overfitting), mot sd giai thuat trong cach ti€p can nay
sé tia nhanh (prunning) bang cich st dung thém mot s§ diéu kién nhuw “ludt méi sinh ra béi

Induce_One_RuleA c6 chit lwong qua thdp” hay “d6 bao phu cta luit t6t nhat dwoc sinh ra béi
Induce_One_RuleA qua nho”.

e Tip dir liéu hudn luyén hién thoi Deyrrene €6 kich thwée gidm dan qua cac chu trinh hoc luat. Uu diém viéc
kich thwéc gidm dan nay la gidi thuit sé hoc luit ngay cang nhanh hon déi véi cic chu trinh I3p sau
trong giai thuat chinh.
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Khuyét diém cia viéc tap dit liéu hudn luyén gidm din 1a d6 do danh gia cha cac luat hoc dworc trong cac
chu trinh sau sé c6 gia tri danh gia trén tip Deurren: chit khéng phai 13 tip hudn luyén day da D. Khi chi
danh gia luat dang hoc trén Deyrren: S& dAn dén viéc danh gia chat lwong ciia luat dang hoc s& mang tinh
tiec thoi, hién nhién 1a c6 gia tri khac biét so véi viéc danh gia chit lwgng cta luat d6 trén tip dir liéu
huén luyén toan cuc la tap D.

Gia tri danh gid chat lwong ctia mot luit cin phai danh gia lai vi viéc danh gia bén trong mét chu trinh
hoc luat dwoc tinh dwa trén tip dit liéu hudn luyén hién thoi Deyrrene (c6 kich thuéc gidm dan theo cac
chu trinh) nén sé& cé gia tri khic khi dwoc tinh trén toan bd tip dit liéu huin luyén D. Khi st dung tip
luét trong thwec té€ ludn ludn ton tai cac d6i twong dir liéu dwgc bao pht bdi nhiéu luét ¢ 16p khac nhauy,
khi d6, viéc phéin 16p sé dwa trén chit lwong cta cac luat nay. Néu str dung gia tri danh gia chit lwgng
khong chinh xac (do chi danh gia trén tip tam thoi 14 Deyrrene), hi€u qua ctia tap luét c6 thé khong chinh
xac. Viéc danh gia lai chit lwong cia mot ludt sau khi hoc xong tap ludt chwa dwoc nghién civu sau.

Khi van dung Hoc luit trén cac tip dit liéu huén luyén cé nhiéu 16p, thit tw ctia cac 1ép duoc hoc trong
giai thuat con “Hoc mét luat” (Induce_One_RuleA) hodc th tw phan tir chwa dwgc bao pht dwoc stt dung
nhw hat gi6ng dé tao tip luit tam thoi S chwa dwgc nghién ciru siu.

Procedure Induce_RulesetA // Hoc tirng ludt véi tdp hudn luyén suy gidm
Input: Training data set D
Output: Ruleset RS
Begin
RS « @;
Current training data set Dcurrent < D
While Dcurrent is not empty Do
BestRule « Induce_One_RuleA(Dcurrent, parameters) ;
Dcurrent < Remove covered samples in Deurrent ;
RS = Add BestRule to RS;
End While
Return RS
End

(a) Giai thuat chinh

Procedure Induce_One_RuleA(Dcurrent, D, parameters)
Input: current training data set Dcurrent; Other parameters
Output: the best rule BestRule
Begin
From Dcyrrent, form the set S of rule candidates, each of that covers at least one
sample in Deurrent;
Evaluate rule candidates in S on Dcurrent;
Find the best rule candidate in S as the BestRule;
Return BestRule
End

(b) Giai thuat Hoc mot ludt (Induce_One_RuleA)

W

Hinh 1. Gidi thudt Hoc ludt theo cdch tiép cdn “Hoc tirng ludt vdi tdp hudn luyén suy gidm ddn

B. HOC TUPNG LUAT TREN TAP HUAN LUYEN BAO GOM CAC POI TUO'NG CHU'A PU'O'C BAO PHU

Giai thuat tém tat: xem Hinh 2.

Céc giai thuat dién hinh: RULE 3+ [9], RULES 6 [10], Rules-Machine Learning [1].

Mot s6 nhin xét vé cach ti€p cin nay:

So véi cach ti€p cin “Hoc tirng luit véi tAp huln luyén suy gidm”, tap dir liéu huin luyén sé dwoc giir
nguyén nhung danh diu bang thudc tinh bao phti/khéng bao phu (covered/uncovered).

Tép dir liéu bao gbm cac ddi twgng khdng bao phi Dyncovered €6 kich thwérc gidm dan trong qua trinh hoc
va chi dwoc st dung dé€ sinh ra tap &ng cl vién.
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(a) Giai thuat chinh

Gia tri danh gid chit lwong luat dwoc tinh trén Dyscoveres NéN €6 gid tri bt bién trong ca qua trinh hoc va
st dung tap luit. Vi vdy, gia tri danh gia chit lwong cia mét luit 1a chinh xac va khong cin phai tinh lai,
nén da khic phuc van dé nay cia cach tiép can “Hoc tirng luat v&i tAp hudn luyén suy giam dan”.

Khuyét diém cia cach ti€p cdn nay la sinh ra kha nhiéu luat dw thira, cin st dung thém cac gia tri phu
nhw s6 d6i twgng chwa ddnh d4u ndm trong viing bao pht cta luat.

Thir tw lwa chon phén tir chwa dwgc bao pht tir tAp Duncoverea Nhdm st dung nhw mot hat giéng dé tao tap
luat tam thoi S chwa dwoc nghién ctru twong xtirng.

Procedure Induce_RulesetB // Hoc tirng ludt trén tdp hudn luyén bao gom cdc
// déi twong chwa dwoc bao pht
Input: Training data set D
Output: Ruleset RS
Begin
RS« @;
Uncovered training data set Duncovered < D;
While Duncovered is not empty Do
BestRule « Induce_One_RuleB(Duncovered, D, parameters) ;
Mark the samples in D covered by BestRule as “covered” ;
RS = Add BestRule to RS;
End While
Return RS
End

Procedure Induce_RulesetB // Hoc tirng ludt trén tdp hudn luyén bao gobm cdc
// doi twong chwa dwoc bao pht
Input: Training data set D
Output: Ruleset RS
Begin
RS « @;
Uncovered training data set Duncovered < D;
While Duncovered is not empty Do
BestRule « Induce_One_RuleB(Duncovered, D, parameters) ;
Mark the samples in D covered by BestRule as “covered” ;
RS = Add BestRule to RS;
End While
Return RS
End

(b) Giai thuat Hoc 1 luét (Induce_One_RuleB)

Hinh 2. Gidi thudt Hoc ludt theo cdch tiép cdn “Hoc tieng ludt trén tdp hudn luyén
bao gom cdc déi twong chwa dwoc bao phi”

C. HOC PONG THO'I TOAN BO TAP LUAT QUYET PINH

Giai thuat tém tat: xem Hinh 3

Cac giai thuat dién hinh: CWS [11], RISE [12], RULES-A [13], RIAS [4], LBRI [14].

Mot s6 nhin xét vé cach ti€p cin nay:

Thay vi hoc tun tw tirng luat, cic giai thuit trong cach tiép can nay sé hoc toan bé tip luat. Ban dau, tap
luat hién thoi 13 tAp rong va sé thay déi thwong xuyén trong qua trinh hoc, trong d6 mot luat méi cé chat
lwong tot sé dwoc thém vao tip luit, con mot luat da c6 nhung chit lwong chwa tdt c6 thé bi loai ra khoi
tap luat hién thoi.

Trong sudt qua trinh lap d€ cai thién tip luat, mot luat c6 thé thém vao, thay ddi hay xéa di khéi tip luit

hién thoi. Khi thém vao 1 luat méi hay xéa di 1 luat dang c6, giai thuat phai kiém tra sy thay d6i cla
toan bo tip luit con lai. Piéu nay lam tang d6 phirc tap cta chu trinh chinh tir tuyén tinh do hoc tuin ty
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tirng luit sang binh phwong cua s6 luét trong tip luét hién thoi. Vi vy, dd phirc tap giai thuit hoc theo

cach ti€p cin nay kha 16n nén giai thuit chay cham.

M6i twong quan gitra cac luat trong cung 1 16p, cling nhw gitra cac luit thudc cic 1ép khac nhau, rat phirc

tap va da khong dwoc gidi quyét twong xirng.

// doi twong chwa dwoc bao phtl
Input: Training data set D
Output: Ruleset RS
Begin
RS « @;
Uncovered training data set Duncovered < D;
While Duncovered is not empty Do
BestRule « Induce_One_RuleB(Duncovered, D, parameters) ;
Mark the samples in D covered by BestRule as “covered” ;
RS = Add BestRule to RS;
End While
Return RS
End

Procedure Induce_RulesetB // Hoc tirng ludt trén tdp hudn luyén bao gom cdc

Hinh 3. Gidi thudt Hoc ludt theo cdch tiép cdn “Hoc toan bd tdp ludt quyét dinh”

D. HOC LUAT DU'A TREN KET QUA CUA GIAI THUAT HOC MAY KHAC _
1. HOC LUAT DA TREN KET QUA CUA GIAI THUAT HOC CAY QUYET PINH (DECISION TREE)

// quyét dinh
Input: Training data set D
Output: Ruleset RS
Begin
RS« @;
Construct a Decision Tree DT on D;
For each path from the root node to a leaf node of the constructed DT Do
Construct a new rule R by the composition of decisions in that path;
End
Return RS
End

Procedure Induce_RulesetD // Hoc ludt dwa trén két qud ctia gidi thudt Hoc cdy

While

Giai thuat tém tit: Hinh 4.

Hinh 4. Gidi thudt Hoc ludt theo cdch tiép cdn
“Hoc ludt dwa trén két qud ctia gidi thudt Hoc cdy quyét dinh”

Cac giai thuit dién hinh: [15].

Mot s6 nhin xét vé cach ti€p cin nay:

2. HOC LUAT DA TREN KET QUA CUA GIAI THUAT LUAT LIEN KET (ASSOCIATION RULES)

Giai thut hoc ciy quyét dinh [16] c6 tiéu chi xdy dwng khac biét véi giai thuét hoc luét.

Chwa c6 thuc nghiém nhdm danh gia ddy da vé chit lwong cla cach tiép can nay so vi viéc hoc luat

quyét dinh truc tiép tir tAp dir liéu.

Giai thuat tém tit: Hinh 5

Mot s6 nhin xét vé cach ti€p cin nay:

Giai thuat hoc luat lién két [17-18] la giai thuit hoc khong giam sat (unsupervised learning) va c6 muc

tiéu hoan toan khac véi giai thuit hoc luit. Thém vao d6, cac giai thuit hoc luét lién két cin c6 nhiéu
tham s§ dau vao nhw dé ho tro (support) tdi thiu hay do tin ciy téi thi€u. Khi st dung thuc té, cdc tham

s6 nay duoc diéu chinh dwa theo dic tinh phan bé cta tip dit liéu nhdm tao ra cac luat lién két cd y

nghia thyc té€ cao nhit va dwoc thim dinh/lwa chon dwa trén dé hitu ich cho ng dung thuc té béi cac
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chuyén gia vé kinh doanh. Viéc diéu chinh cic tham s8 néu trén trong boi canh dé sinh ra tap luit quyét
dinh theo cach ti€p cin nay c6 tdc dong 16n dén hiéu qua phan 1ép [19].

e Phwong phap phd bién nhit trong cach ti€p cin nay la phan 16p dwa trén lién két (Classification Based
on Associations - CBA) [19-20]. CBA duyét qua tip dit liéu huin luyén nhiéu I4n dé€ tim ra tip phd bién
(frequent itemsets) nhim sinh ra cac tap ph6 bién dai nhait. Tap cac luat lién két veot qua gia tri nén vé
do6 hd tro va dd tin cay sé dwoc xem xét dé thém vao tap luat quyét dinh. Viéc khao sat cac luat lién két
dugc thuc hién dya trén heuristic nhw bién thién céc gia tri cia dd ho tro tdi thiéu, do tin cay tdi thiu
va gi4 tri nén cha do dai tdi da tién dé ctia mot lut nhdm hoc ra mot tap luat c6 s6 ludn x4c dinh boi
nguwoi dung.

Procedure Induce_RulesetD // Hoc ludt dwa trén két quad ctia gidi thudt Hoc cdy
// quyét dinh
Input: Training data set D
Output: Ruleset RS
Begin
RS « ¢;
Construct a Decision Tree DT on D;
For each path from the root node to a leaf node of the constructed DT Do
Construct a new rule R by the composition of decisions in that path;
End While
Return RS
End

Hinh 5. Gidi thudt Hoc ludt theo cdch tiép cdn
“Hoc ludt dwa trén két qud cta gidi thudt Ludt lién két (Association Rules)”

I1I. CAC NGHIEN CU’'U PANG PU'Q’C QUAN TAM TRONG HOC LUAT

Luit quyét dinh dwgc xay dwng trén mot cum dir liéu c6 phan bd chit (condensed) véi ty 1& cao cic phan ti c6
cung mot 16p sé cé chit lwong t6t. Viéc xac dinh cac cum thwong duoc gidi quyét bang cac giai thuat phan cum
di liéu (Data Clustering). Tuy nhién cac giai thuit phin cum thwong gom cac phan ti gin nhau vao cung 1 cum
nhwng cac phan tli nay lai ¢ thé thudc vé nhiéu 16p, day 1a dic tinh chung cia phwong thirc hoc khéng gidm sat
(unsupervised learning). Vi vdy, viéc sitr dung cac kj thudt Phian cum ban gidm sat (Semi-supervised Data
Clustering) c6 thé tim ra cic cum di liéu cia cing mét 1&p dé khéi tao cac luat quyét dinh tot cho cac giai thuat
hoc luit quyét dinh.

Dit liéu hudn luyén thwong bi thi€u x6t, véi sy xult hién cia dir liéu bi mat (missing value). Théng thuong, trong
giai doan tién xir ly dit liéu, cac dit liéu bi mat sé dwoc thay thé bang cac dir liéu dwoc wéc lwong dwoc tinh béi
cac phwong phap suy doan dir liéu (data imputation methods). Tiéu chi cia cac phwong phap suy doan dir liéu
thwong khong dwa vao cac phwong phép khai thac dit liéu, vi thé viéc thay thé gia tri bi mat bang mot gia tri suy
dodn sé lam gidm hiéu qua cta giai thuat phin 16p khi hoc trén tap dit liéu hudn luyén da dwoc lam sach. Do tinh
ddc thu ctia ban than cda cac giai thuit Hoc luét, viéc xt 1y trwc tiép dir liéu bi mit ngay trong qué trinh hoc sé
mang lai hiéu qua cao hon. Giai thuat CN2 da dwoc van dung cach ti€p cin nay trong xt ly trwc tiép dir liéu bi
mat va do chinh xac cda giai thuat CN2 da dwoc cai thién [21]. Cac giai thuat hoc luit khac nén dwoc khéo sat va
van dung cach ti€p cin nay dé nang cao hiéu qua phan 16p.

D4i v6i bai toan phan 16p, viéc mat can bang trong phan b6 cac 16p giy khé khidn cho viéc tim ra by phan 1ép
hiéu qua. P4 cé nhirng nghién ctru vé viéc luat phan 16p két hop [22] trong viéc x 1y bai toan dir liéu mit cin
bing nay. Mot hwdng khéc 1a diéu chinh truc tiép trén cac giai thuat hoc luat. P&i véi cach tiép can “hoc tirng luat
véi tAp hudn luyén suy gidm dan”, phan “Giai thuit hoc 1 luit (Induce_One_RuleA)” c6 thé xem xét thay d6i d6 wu
tién cho cac &ng vién luit dwa trén phin bé cia cia cac 16p. D6i véi cach tiép cin “Hoc tirng luét trén tip huin
luyén bao gobm cac ddi twgng chwa dwgc bao phi”, phén “giai thuét hoc 1 luat (Induce_One_RuleB)” cling c6 thé
xem xét thay ddi dd wu tién cho cic &ng vién luat dwa trén phan bé cta ctia cac 16p. Tuy nhién, cin c6 cac nghién
ctu cu thé dé nang cao tinh hiéu qua.

IV. KET LUAN

Bai bdo dd dwa ra mot ban dinh gia tdng quan vé cac giai thuat hoc luat quyét dinh dwa trén 4 cach tiép cin
chinh. C4c khuyét diém cua tirng cach tiép can cling dwgc phan tich va néu ra, tir d6, c6 thé dwa ra cac phwong an
tdng cuwdng chit lwong clia cac giai thuat da c6. Bai bao cling néu ra mot s6 hwdng khac nhdm nang cao hiéu qua
cla cac giai thuat trong hoc luat quyét dinh.
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REVIEW OF APPROACHES IN RULE INDUCTION
Nguyen Duc Cuong

ABSTRACT - Decision Rule as “IF condition THEN action” is a knowledge type that is popularly used by human being due to
its ease to understanding and application. Rule Induction, a research direction in the Data Science, induces a rule set from a
training dataset. The paper focuses on reviewing the main approaches in Rule Induction and their advantages as well as
disadvantages. The paper also states current challenges and research trends in Rule Induction.
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