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TOM TAT: Phat hién phu thugc ham 1a mgr bude co ban trong té chirc va thiét ké co so dir liéu quan hé. Téap phu thuge
ham cang duwoc xdc dinh day di gidp viéc rit gon, phan ré va chudn héa co sé dit lieu cang hidu qud. Mgt sé thugt toan phat hien
tdp phu thugc ham cé dién da deoc dé xudt nhie TANE, FUN, FD_MINE,.. Ngdy nay, xu huong té chirc diF liu nham rat trich théng
tin theo ngi# nghia ngay cang dwoc quan tam. Sy khac biét lon nhdt diz co so dit lieu quan hé va co sé ¢6 rang bugc ngit nghia 1a
moi quan hé mién thugc tinh. Viéc mé réng khai niém phu thugc ham cé dién thanh phy thugc ham theo phd hé tri thic 1a mét yéu
cdu tat yéu. Trong bai bdo nay, ching téi danh gid va thir nghiém lgi cac thudt todn phéat hién phu thuge ham cé dién, khdo sat cac
thugt toan phat hién phy thugc ham tri thic nham téng quan diwoc céc thugt toan phat hién phu thugc ham hién nay.

Tar khoa: Phu thuge ham, thugt toan rat trich phyu thuge ham, cay phd hé tri thiic, phu thuge ham pha hé tri thaic.

I. GIOI THIEU

Phu thudc ham thé hién su rang budc gitra cac tap thudc tinh dit lieu. Phat hién phu thudc ham la vb cung quan
trong nham lam dam béo tinh nhat quan dir liéu, chuan hoa lugc d6 quan hé, toi uu hoa xay dung cac mé hinh dir lig¢u.

Phat hién phu thugc ham luén 1a thach thirc cho cac nha nghién ctru co s¢ dir li¢u. Trong bai bao nay, chung t6i
md ta, danh gia va so sanh cac thuit toan phat hién cac phu thuéc ham phé bién TANE, FUN va FD_Mine trén cac b
dit liéu khac nhau ctia UCI dé thay duoc vu nhuoce di€ém cua céc thuét toan.

Bai toan xtr Iy dit liéu dua trén ngit nghia trong thoi gian gin ddy dugc nhiéu ngudi quan tdm. Xt Iy dir lidu ngit
nghia ¢6 hiéu niang cao khi tiép can cac phu thudc ham mé rong goi 1a phu thudc ham pha hé tri thirc. Cac phu thudc
ham nay duoc phat hién dya trén cdu triuc cdy pha hé tri thire. Cac thudt toan phat hién phu thudc ham cd dién khong
thé phat hién ra cac phy thugc ham nay ma phai dya vao mot thudt toan chuyén dung hi¢u nang cao.

Trong bai bao nay chang t6i khao sat thudt todn FASTOFD phat hién phu thudc ham pha hé tri thac, chi ra vu
nhugc diém va céi tién thuat toan nay.

II. CO SO LY THUYET

A. Cdc thudt todn rit trich phu thuéc ham (FD) cé dién
1. Thuit toan TANE [1]

Thuat toan TANE la thuat toan duoc xay dung bdi Huhtala dya trén 3 y tudng chinh: phan doan dit li¢u dé kiém
tra cac phu thudc ham, (apriori-gen) chi tim tat ca cac phu thuoc ham toi thi€u va st dung cac luat rat gon khéng gian
tim kiém.

Thuét toan:

Thujt toAn TANE

Input: quan hé r trén luoc d quan hé R

Output: tap cac phu thuéc ham trong r

1 Lo={0}

C'(@®=R

:_1 ={{A}A eR}

=1

while L, # @
COMPUTE_DEPENDENCIES(L,)
PRUNE(L,)
Li.1 = GENERATE_NEXT_LEVEL(L)
I=1+1

Trong thuat toan nay thi tuce COMPUTE_DEPENDENCIES dung dé tim cac phu thugc ham trong tap ang vién
L, thu tuc PRUNE rit gon tap tmg vién L, thi tuc GENERATE_NEXT_LEVEL sé tao ra tap ung vién méi L., dya vao
tap ung vién da dugc rut gon L.
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2. Thuét toan FUN [2]

Thuat toan FUN Ia thuat toan dugc xay dung bdi Novelli va Cicchetti. Tuwong ty thuat toan TANE, thuat toan
FUN sir dung tap tu do (Free set) 1a tip céc thudc tinh khong chira phan tir nao ma phu thudc ham vao tap con cua tap
thudc tinh con lai nham rat gon khong gian tim kiém cac phu thugc ham.

Thuét toan:

Thuat toan FUN

Input: quan hé r trén luoc d quan hé R
Output: tap cac phu thudéc ham trong r
Lo =<0,0,0,0>

2: Ly={<A Count(A), A, A>|A€eR}
3: R”=R-{AJAisakey}

4: for (k=1;Ly#0;k=k+1)do

5 ComputeClosure(Ly.1, Ly)

6: ComputeQuasiClosure(Ly Ly.1)
7

8

9

1

DisplayFD(Ly.1)
PurePrune(Ly Ly.1)
: L1 = GenerateCandidate(L)
0: DisplayFD(Ly.;)

Trong thut toan nay Count 13 thi tuc dém tin sudt xuét hién cua tap thudc tinh A trong r, ComputeClosure 1a
thu tyc tinh bao dong cua tap tng vién Ly dya vao tap tng vién trude do 1a L4, ComputeQuasiClosure la thu tuc tim
tap hop céc thudc tinh cua tap tng vién L, voi bao dong cua tap tng vién Ly, DisplayFD 1a thu tuc hién thi tap cac
phu thudoc ham da tim dugc, PurePrune la thi tuc rut gon tdp ung vién L, dya vao tap ung vién L, va
GenerateCandidate 1a thu tuc tao tdp ung vién L, dua vao tip tmg vién L.

3. Thuat todn FD_MINE [3]

FD_MINE Ia thuat toan dugc xdy dung bdi Yao. Gidng nhu TANE va FUN thi FD_MINE duyét qua dan
(lattice) t6 hop cac thudc tinh tir dudi 1én (bottom-up), sir dung phan doan dé khai pha cac phu thuéc ham. FD_Mine
xay dung luat rat gon dua trén v tudng cac 16p twong duong cua tip thude tinh. (Hai thudc tinh dwoc goi 1a twong
dwong nhau khi chling xac dinh ham 1an nhau).

Thuét toan:

Thuit toan FD_MINE

Input: quan hé r trén luoc db quan hé R
Output: FD_SET, EQ_SET va KEY_SET
1: Initialization Step
set R={Xy, X,,..., X}, set FD_SET =0
set EQ_SET =0, set KEY_SET =0
set CANDIDATE_SET = {Xy, Xy,..., Xm}
for all X; € CANDIDATE_SET do
set Closure’[X;] = @
2: lteration step
while CANDIDATE_SET # @ do
for all X; € CANDIDATE_SET do
ComputeNoTrivialClosure(X;)
ObtaintFDandKey(X;)
ObtainEQSet(CANDIDATE_SET)
PruneCandidates(CANDIDATE_SET)
GenerateCandidates(CANDIDATE_SET)
3: Display(FD _SET,EQ SET, KEY_SET)

Trong thuét toan trén, CANDIDATE_SET Ila tap cac ang vién, EQ_SET la tp cac thudc tinh twong duong
nhau, KEY_SET la tap c4c khoa phat hién dugc, ComputeNoTrivialClosure 1a thi tuc dé tinh bao déng cua cé4c ng
vién, ObtaintFDandKey la tha tuc xac dinh phu thugéc ham va khéa, ObtainEQSet la thu tuc tim tap cac thudc tinh
twong duong nhau, PruneCandidates 1a thi tuc rat gon tap tng vién qua mdi vong lap, GenerateCandidates 1a thu tuc
rdt gon tap ng vién va Display 1a thii tuc hién thi két qua: FD_SET, EQ_SET, KEY_SET.
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B. Thudt todn phat hién phu thujc ham pha hé tri thirc [4-8]

Khi cac gia tri ng v&i mot thude tinh dir liéu dau vao co sy lién quan vé mit ngit nghia, cac thuat toan phat hién
phu thudc ham ¢6 dién khong thé phat hién day du cac phu thudc ham, mic du cac tap thudc tinh nay da duge md hinh
hoa tuong duong vé nglr nghia dua vao mot cay pha hé tri thirc (ontology).

Phuy thugc ham pha hé tri thic (OF Ds) dugc kham pha dua trén cac mdi quan hé ngit nghia ciia cac thude tinh
nhu: quan hé twong duong (synonyms) va ké thira (inheritance).

4. Phu thudc ham pha hé tri thirc: D& hiéu rd phu thudc ham tri thirc ta xét bang dit liéu sau

Bang 1. Bang dir liéu 1

Country Code Country Symptom Diagnosis Medicine
ty us United states joint pain osteoarthritis ibuprofen
t IN India joint pain osteoarthritis NSAID
) CA Canada joint pain osteoarthritis naproxen
ty IN Bharat nausea migrane analgesic
ts us America nausea migrane tylenol
ts us USA nausea migrane acetaminophen
ty IN India chest pain hypertension morphine

Dbi v6i bang dir liéu nay cac thudt toan phat hién phu thuéc ham ¢ dién khong thé phat hién phu thuéc ham
{Country Code} — {Country} vi céc dir liéu {‘United states’, ‘USA’, ‘America’} 1a khong giong nhau trong khi do
{*United states’, ‘USA’, ‘America’} d€u la tén thé hién ciia mdt quoc gia. Tuong tu, ciing khong thé phat hién phu
thuoc ham {Sumpton, Diagnosis} — {Medicine} vi cac dir liéu {‘ibuprofen’, ‘NSAID’, ‘naproxen’} khodng giong nhau
trong khi d6 ‘ibuprofen’ va ‘naproxen’ 1a mét loai thudc ctia ‘NSAID’.

Goi E; 1a cac 16p thé hién, ky hiéu synonyms(E;) 1a tip tat ca cac thé hién tuong duong cta 16p E; thi
synonyms(E;) = {‘United states’, ‘USA’, ‘America’}, synonyms(E;) = {‘India’, ‘Bharat’}.

Goi C 1a mot thé hién, ky hiéu names(C) la tap tat ca cac 16p ma c6 su thé hién cua C, thi names(‘USA’) = {E;},
names(‘India’) = {E,}.

Ky hiéu, descendants(E) 1a mot cua céc thé hién cua 16p E hodc cac 16p con chau cua né, thi descendants (E)= {
E|E, ‘is-a’ E4,..., E4 ‘is-a’ E}.

a) Phu thudc ham pha hé tri thic twong duong (synonym OFD) [6]
Dinh nghia: Mot quan hé r théa mén synonym OFD X —,,, Y néu mdi thudc tinh A € Y, mdi s € IIx(r), thi tn tai mot
16p E sao cho T4 (gs[X]) € synonyms(E), vai gs[X] = {t|te r va t[X] = s}.

=0

. names(a),ac{t[A]|tes}
Cay pha h¢ tri thuc vé country nhu sau ung véi bang dit li€u trén:

)
‘ Canada [ India ] [ America ]

4 Bharat [ # United_states l [ # UsA ] # United_states o
f_America
Hinh 1. Ciy pha hé tri thirc vé& country
Ta co {Country code} —,, {Country}, Micountry coaey =1 t1, ts, te}, { ta, ta, t7}, {ts}} do

o {1, ts, ts}: names(‘United states’) N names(‘America’) N names(‘USA’) = ‘America’.
o {t,, t;, t;}: names(‘India’) N names(‘Bharat’) = ‘India’.
o {t3}: chura tap gia tri don nén khong bi xung dot.

Vi vay, theo dinh nghia c6 synonym OFD la {Country code} —,,, {Country}.
b) Phy thudc ham pha hé tri thirc ké thira (inheritance OFD) [5]

Dinh nghia: Ky hi¢u LCA Ia t6 tién (descendant) chung thap nhat cua cac I6p, 6 Ia ngudng tuong émg voi chiéu
dai duong dan theo ké thira clia cac 16p. Mot quan hé r thoa man inheritance OFD X —;,, Y néu mdi thugc tinh A €
Y, mdi s € Ix(r), thi LCA(descendants (names(t;)),..., descendants (names (t,))) < 6.
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=0

descendants(names(a)),ae{t[A]|tes}

Tu vi du trén c6 thé xay dung cay pha h¢ tri thuc vé medicine nhu sau:
‘,

[ acetaminophen l [ opioid } [ NSAID ]

i 1
tylenol [ morphine ] [ = ibuprofen ]

Hinh 2. Cay pha hé tri thue vé medicine

Theo vi dy trén, ta 6 {Sumpton, Diagnosis} —,, {Medicine}. lisympton,piagnosisy ={{tw to, ts}, {ta, ts, te}, {t7}}

Do dwa vao cay pha hé tri thirc da xay dung, ta co:

o {11, 1, t3}: descendant(names(‘ibuprofen’)) n descendant(names(‘NSAID”)) n descendant(names(‘naproxen’))
= ‘NSAID’.

o {t,, ts, ts}: descendant(names(‘analgesic’)) N descendant(names(‘tylenol’)) N
descendant(names(‘acetaminophen’)) = ‘analgesic.

o {t;}: chura tap gia tri don nén khong bi xung dot.

Vi vay, theo dinh nghia phat hién dugc inheritance OFD {Sumpton, Diagnosis} —;,, {Medicine} v4i ngudng

6 =2.
5. Thuét toan FASTOFD [5]

FASTOFD la thuat toan dung dé tim cac phu thudc ham pha hé tri thirc, béng cach dua vao tap cac thude tinh dé

xay dung tap Gng vién qua cac muc va tinh bao dong cia céc Gng vién.

Thuat toan FASTOFD

Input: Quan hér
Ouput: Tap cac phu thuoc ham pha hé tri thirc

1:

2
3
4:
5:
6
7
8
9

Lo={} M={}

C{®»=R

L,={A|AER}

I=1

while L, = {} do
computeOFDs(L,)
L1 = calculateNextLevel(L,)
I=1+1

return M

a) Thuat toan tim bao dong

Thuit toan Tim bao dong

Input: Tap cac phu thuéc ham pha hé tri thuc M va tap céac thudc tinh X
Ouput: Bao déng cua X
1. Mynsed <« M

2. n<0

3 X'« X

4: loop

5: if 3V - Z € Mysegand V € X then
6: X" e X"uz

7 Munused < Munusea \ {V — Z}

8: nen+1l

9: else

10: return X"

11: end loop




76 DANH GIA CAC THUAT TOAN RUT TRICH PHU THUQC HAM: TANE, FUN, FD_MINE VA PHU THUOC HAM PHA HE TRI THUC

Thudt toan dung dé tim bao dong cua tap thudc tinh X dya vao tp cac phu thudc ham pha hé tri thuc M da tim
dugc. Bang cach duyét qua cdc phy thude ham trong M: V — Z € Mynuseq va V € X thi thém Z va M seq l0ai phu thudc
ham nay. Két qua ta dugc bao dong cua X.

b) Thu tuc calculateNextLevel

Thi tuc calculateNextLevel

L ={}

for all {YB, YC} € singleAttrDiffBlocks(L,) do
X=YU{B,C}
Add X to Ly

return L,

Thu tuc xay dung tap (tng vién & mirc ke tiep dwa vao viéc to6 hop tir tap cac thudc tinh don duoc tim tir thu tuc
con singleAttrDiffBlocks cua tap tng L.

¢) Thui tuc computeOFDs

Thi tuc computeOFDs

1. forall X e (L) do

2: C'(X)=N ey C'(X\A)
3. forall Xe(L)do

4: forall Ae Xn C'(X)do
5: if X\A - Athen

6 Add X\A-> AtoM

7 Remove A from C*(X)

ComputeOFDs la thu tuc dung dé xac dinh cac phu thudc ham pha hé tri thirc dya vao viéc tim bao dong cia cac
ung vién.

III. KET QUA
A. Cai dit
a) Dit lieu:

Nhom d tién hanh cai dit cac thuat toan TANE, FUN, FD MINE trén cac 136 dir liéu UCL: abalone, breast-
cancer, iris, nursery, breast-cancer-wisconsin, balance-scale, bridges. Bén canh d6, dé so sanh vé toc do va viéc khai
pha phu thude ham trong cac truong hgp khé&c nhau thi nhom da sir dung b dir liéu ncovter thay doi s6 lugng thudc
tinh d€ tao ra cac bo dit liéu con véi s6 lugng thudc tinh khé&c nhau va sir dung bo dir liéu nursery thay d6i s6 luong
dong dir liéu thay doi.

b) Céu hinh:

) Tét ca cac thuat toan dugc thuc thi trén may tinh Dell Vostro 5468 dugc cai dat hé diéu hanh Windows 10 véi
cau hinh chip Intel(R) Core i7-7500, 4 CPUs, 2.7GHz, RAM DDR4 2400 MHz dung lugng 16GB.
B. Bing ddanh gid

a) Bang so sanh gira cac thuat toan khi ap dung cac bd dir liéu khac nhau:

Bang 2. Bang so sanh vé& thoi gian thyc hién va sb lugng phu thudc ham phat hién dugc cua cac thuat toan

Sb Sb L o S6 lwong phu thugc ham phat
STT | Bp di liu bin | thujc Théi gian thye hign (s) Wit dwee

ghi tinh TANE FUN FD_MINE TANE FUN FD_MINE
1 iris 150 5 0 0 0 7 4 4
2 abalone 1000 9 969 168 237 32 49 212
3 glass 214 11 273 6 358 24 13 425
4 balance-scale 625 5 0 6 11 1 0 1
5 breast-cancer-wisconsin 699 11 6331 56 1035 1902 24 939
6 breast-cancer 286 10 45 5 9 2008 0 0
7 bridges 103 13 190 12 7792 2159 96 1720

T bang trén ta théy: v6i cac b dir liu khac nhau thi cac thuat toan xu ly véi tdc d6 khac nhau va cho ra két
qué sb luong phu thudc ham khai phéa dugc ciing khac nhau va khong theo quy luét tuyén tinh nao.
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b) Biéu dd so sanh trén cung bo dir lidu voi s6 lugng ban ghi khong ddi va sb lugng thudc tinh thay doi:

14000 00

12000 a0

160

__ loooo w

T 000 1

:" 0100
= 000

g 80

=

4000 60

L]

2000 .

20

o L & L & L L W *———b 0

0 2 4 6 8 10 12 14 1 3 4 5 § 7 8 9 10 1 1
Thudc tinh Thugc tinh
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Hinh 3. Biéu dd so sanh thoi gian thyc hién cua céac thuét toan Hinh 4. Biéu dd so sanh sb lugng phu thugc ham phat hién dugc
cua cac thuat toan
Tir 2 bidu d6 ta théy: khi ¢b dinh sb lugng ban ghi va tang ) Iugng thudc tinh thi thoi gian thyc hién va ) Iwong
phu thugc ham phat hién dugc cling tang theo ty 1& thudn. Thuét toan TANE ludn c6 thoi gian xir Iy 1au hon céc thudt toan
khac va thuat toan FD_MINE lu6n cho két qua so luwong phu thude ham tim dugce 1a nhiéu hon cac thuét toan khac.

¢) Biéu dd so sanh trén cting bo dit liéu voi s luong ban ghi thay d6i va sb lwong thudc tinh khong doi:
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 500 1000 1500 2000 2500 2000 3500 4000
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TANE FUN —s—FD_Mine TANE mFUN mFD_Mine

Hinh 5. Biéu db so sanh thoi gian thuc hién cia cac thudt todn  Hinh 6. Biéu dd so sanh sé 1ug1_1g phu thudc ham phat hién duoc
cua cac thuat toan

Tt 2 bidu d6 ta théy: khi tang ) lugng ban ghi va ¢b dinh sb lugng thudc tinh thi thoi gian thye hién va $6 lugng
phu thudc ham phat hién dugc ciing ting theo ty ¢ thuan. Thudt toan TANE ludn c6 thoi gian xtr 1y lau hon céac thudt toan
khac va thuét toan FD_MINE luén cho Kkét qua ) lugng phu thudc ham tim duge la nhiéu hon cac thuét toan khac.

C. Cii tién thudt todn FASTOFD

Thuat toan FASTOFD chi dya vao céac thé hién twong duong ciia mot 16p dé xéc dinh phu thudc ham pha hé tri
thirc twong dwong synonym OFD va sy phdn cép cha con giira cac 16p trén cdy pha hé tri thire dé xac dinh phu thudc
ham pha hé tri thirc ké thira inheritance OFD. Tuy nhién, trong céc trudng hop cac thé hién khong cting mot 16p hoic
cac 16p khong c6 mdi quan hé phan cép cha con mic du cac thé hién nay co chung mot mdi quan hé thi thudt toan
FASTOD khong phat hién dugc cac phu thudc ham c6 nghia. Xét cdy pha hé tri thuc trong vi du sau:

" Alice owl:Thing ~
§ = < -

~ A 5 T

“@ cindy | "‘”'l

Car ”-I animal ‘ ,”._ - ‘

person ] I phone l

i Samsung ] l Vinfast ] [ Kia } [ Toyota l

Tt @ fish

-
g

* ¢ Tom

['0 \Phonej. J [ 4 iPhor;e,11 ] [ ¢ Note;;a ] * & Note_10 e Féd\\ [ . Lux ] ['Q\Morning H # Cerato l i # Camry l

Hinh 7. Cay pha hé tri thirc

Trong cdy tri pha hé tri thirc nay, 16p Person c6 cic mbi quan hé dén cac 16p khac nhur:
e Person ‘has’ Car; Person ‘has’ Phone; Person ‘take care’ animal.

Va céc thé hén co mbi quan h¢ nhu sau:

e Alice ‘has’ iPhone 8; Alice ‘take care’ fish.

e Cindy ‘has’ Fadil; Cindy ‘has’ iPhone 8; Cindy ‘take care’ cat; Cindy ‘take care’ dog.
e Tom ‘has’ Note 10; Tom ‘has’ Morning; Tom ‘take care’ cat; Tom ‘take care’ dog.
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~ Goi E la thé hién ciia céc 16p, relation 1a méi quan h¢ gitta céc thé hién, ky hiéu relations(E, relation) la tap cac
thé hién cua 16p khac ma E c¢6 moi quan hé dén: relations(‘Cindy’, ‘Fadil’} = {‘has’}, relations(‘Cindy’, ‘Cat’} =
{‘take care’}, relations(‘Tom’, ‘Note 10”)={‘has’}.
Dé phat hién cic phu thudc ham c6 nghia, ching t6i dinh nghia 1 phu thudc ham pha hé tri thirc quan hé
(relation OFD) nhu sau:
Dinh nghia: Mot quan h¢ r thoa mén relation OFD X —,.; Y néu mdi thuoc tinh A € Y, mdi s € TIy(r) thi ton tai
mot quan hé sao cho relation(s;, A1) N... N relation(s,, A,) # @:

* 0
relations(4, a),ac{t[A]|tes}
Bang 3. Bang dir liéu 2
Person Using Pet
t; | Tom Morning Cat
t, | Alice iPhone 8 Fish
t; | Cindy Fadil Cat
t; | Tom Note 10 Dog
t; | Cindy iPhone 8 Dog

Vi bang dir li€u 2, {ty, t,, t3, s, ts} 1a cac bo dit licu, thi két qua khi str dung thuit toan tim kiém relation OFD,
ta dugc: {Person} —.; {Using} Vi Mipersony ={{t1, ts}, {t2}, {ts, ts}}, xét céc 16p dit licu:

o {15, t,}: relations(‘Tom’, ‘Morning’) N relations(‘Tom’, ‘Note 10’) = {*has’}.
o {t5, ts}: relations(‘Alice’, ‘Fadil’) N relations(‘Alice’, ‘iPhone 8”) = {*has’}.
o {t,}: chira tap gia tri don nén khong bi xung dot.

Va {Person} —,..; {Pet} Vi ipersony ={{t1, 4}, {t2}, {ts, ts}}, xét cac 16p dir licu:

o {15, t,}: relations(‘Tom’, ‘Cat’) n relations(‘Tom’, ‘Dog’) = {‘take care’}.
o {13, ts}: relations(‘Cindy, ‘Cat’) N relations(‘Cindy’, ‘Dog’) = {‘take care’}.
o {t,}: chira tip gia tri don nén khong bi xung dot.

D. So sanh thudt todn phdt hi¢n phu thugc ham phd hé tri thirc FASTOFD véi TANE, FUN, FD_MINE
Bang so sanh két qua khi chay cac thuat toan trén véi bo dir liéu ¢ bang dit li¢u 1.

Béng 4. Bang so sanh két qua
STT | Thuit toan Két qua
Synonym OFDs:
{Country Code} — {Country}
{Country Code,Symptom} — {Country}
{Country Code,Diagnosis} — {Country}
{Country Code,Symptom,Diagnosis} — {Country}

1 FASTOFD Inheritance OFDs:

{Symptom} — {Medicine}

{Diagnosis} — {Medicine}

{Country Code,Symptom} — {Medicine}

{Country Code,Diagnosis} — {Medicine}
{Symptom,Diagnosis} — {Medicine}

{Country Code,Symptom,Diagnosis} — {Medicine}
{Medicine} — {Country Code}

{Medicine} — {Country}

{Country,Diagnosis} — {Country Code}
{Country,Diagnosis} — {Symptom}
{Country,Symptom} — {Country Code}
{Country,Symptom} — {Diagnosis}

{Country} — {Country Code}

{Symptom} — {Diagnosis}

{Diagnosis} — {Symptom}

{Medicine} — {Country Code,Country,Symptom,Diagnosis}
{Country,Symptom} — {Medicine}
{Country,Diagnosis} — {Medicine}

{Country} — {Country Code}

{Symptom} — {Diagnosis}

4 FD_MINE {Diagnosis} — {Symptom}

{Medicine} — {Country Code,Country,Symptom,Diagnosis}
{Country,Symptom} — {Country Code}

2 TANE

3 FUN
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Thuat toan FASTOFD tim ra cic phu thugc ham tri thiac 1a {Country code} —,, {Country} va {Sumpton,
Diagnosis} —;,, {Medicine} diéu ma cac thuat toan con lai khong thé tim ra.

IV. KET LUAN VA HUONG PHAT TRIEN

A. Két lugn

Bai bao da danh gia cac thuat toan phat hién phu thuéc ham véi nhiéu tiéu chi khac nhau: thoi gian, s6 luong
phu thuéc ham phat hién duge, so6 luwong thudce tinh va s6 lwgng ban ghi nham c6 thé so sénh tinh nang gitra cac
thuat toan.

Trong thuat toan phat hién phy thudc ham phd h¢ tri thirc FASTOD, bai bao da chi ra mét khiém khuyét ctia
thuat todn. Hi€u chinh nhugc diém nay c6 thé phat hién thém phu thudc ham cé nghia.

B. Hudng phit trién

Vi nhitng két qua dat dugc, trong thoi gian toi, ching toi tiép tuc khao sat va cai tién thuat toan phat hién phu
thudc ham pha h¢ tri thitc véi moi quan hé dya trén cac mirc khac nhau nham khai thac hét ngir nghia cua dir li¢u.
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EVALUATE THE PERFORMANCE AND EFFECTIVENESS OF ALGORITHMS
FOR DISCOVERING FUNCTIONAL DEPENDENCIES: TANE, FUN, FD_MINE
AND ONTOLOGY FUNCTIONAL DEPENDENCIES

Trinh Minh Quoc Trung, Nguyen Duc Thuan

ABSTRACT: Discovering functional dependencies is a fundamental step in the design and building of relational databases.
The more fully functional dependency set the more efficient it is to reduce, decompose and normalize the database. There are many
algorithms to discover classical functional dependencies as TANE, FUN, FD_MINE,... Nowadays, the trend of organizing data to
extract information semantically is getting more and more attention. The biggest difference between a relational database and a
ontology database with a semantic constraint is the attribute domain relationship.

The expansion of the concept of classical functional dependence to ontology dependence of knowledge is an inevitable
requirement. In this paper, we evaluate and retest the classical function dependency detection algorithms, investigate the knowledge
function dependency detection algorithms to overview the functional dependency algorithms.

Keywords: Functional dependency, Discovering functional dependencies algorithms, Ontology tree, ontology functional
dependencies.



