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DATA MINING/ASSOCIATION RULE/CONSTRAINT LOGIC PROGRAMMING

Association rule discovery is one of major data mining tasks that has gained
much interest from researchers and general users. The knowledge from association
mining can be used to recommend product, design catalogs and manage sales
promotion. But data processing for association rule discovery has expensive
computation time because the relationships induced from data can be tremendously
many more than other data mining tasks such as classification. As a consequence,
most association mining software generally create so many rules from the association
mining process and some of these rules are not beneficial to any users. To solve this
problem, we propose to incorporate Apriori algorithm with constraint function for
users to specify subset of association rules of interesting items. Users can also identify
length of the association rules. Our Apriori-with-constraint algorithm can reduce

processing time and reduce a great number of useless rules.
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Support

Bread, Coke, Diaper
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ar

sznou

) Y] ) = o Wy &
itemset 1U52NOUAIY {Bread, Coke, Diaper} WHANITOAIT NG lAdail

Eggs => Coke
Coke => Eggs
Bread => Coke
Coke => Bread
Bread => Diaper

Diaper => Bread
Coke == Diaper

Diaper => Coke

Bread, Coke => Diaper
Bread, Diaper => Coke
Coke, Diaper => Bread
Coke => Diaper, Bread
Diaper => Coke, Bread

Bread => Diaper, Coke

(confidence = 2/2 = 100%)
{confidence = 2/3 = 67%)
{confidence = 2/3 = 67%)
{confidence = 2/3 = 67%)
{confidence = 3/3 = 100%)
(confidence = 3/3 = 100%)
(confidence = 2/3 = 67%)
(confidence = 2/3 = 67%)
(confidence = 2/2 = 100%)
(confidence = 2/3 = 67%)
{confidence = 2/2 = 100%)
(confidence = 2/3 = 67%)
{confidence = 2/3 = 67%)
(confidence = 2/3 = 67%)

A8 {Eggs, Coke}, {Bread, Coke}, {Bread, Diaper}, {Coke, Diaper} 1i0% Frequent 3-
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A & el s 1

nnasmvuamaudoduasusn 147 100% St RS unganuduiusifia

] ¥ &
at b ot

wnndmserdumandeiuduma i s nganuduiuf 1anganuduiuiianua

k1
14 AgAIUFWLTA]

Eggs => Coke (confidence = 2/2 = 100%)
Bread => Diaper (confidence = 3/3 = 100%)
Diaper => Bread (confidence = 3/3 = 100%)
Bread, Coke => Diaper (confidence = 2/2 = 100%)
Coke, Diaper => Bread (confidence = 2/2 = 100%)

2.3 mulisaen (Prolog)
o =1 o at =t = ] .
mu llsaemilunmwdmsuniseu Tdsunsnginssnsdau1a1n PROgrammation
A o
en LOGique (Logic programming) & #1394 Tpe Alain Colmerauer 312 A8, 1972 n111 115880
Rannanunge ey nadeiimineassamaadunuiazdmuadideetig
= 3o o o oaen el ey =
azdoalAnuasuiames GAMAY T NINLET, 2554)
< o = y o o =
amuTdsdengnin 15 lumsuddymimalgandszfv§ Adtumsdiuangs
w_ w2 o 4 g a o
daanyoinaz FWuguvesnssng a1 lusaendunuu¥ans s (Descriptive Language)
2 g 3’; = o Qs £ s w o ot w o 1 4:9;:5
FutlumwrvuguisinuastansGennudunuivesdadnyeiaieg muitiinnu
UANAINANNNTBUTINTZUIUFIT (Procedural Language) (Yayel3y nIfsna, 2548)
a & o . = - & =
141 Prolog UWHFTHUNAUAAAATNAUTA (Predicate Calculus) HUUIAAWUFIUN
d' ' o 1o . =t ¥ ' . .
oo laun a1 dmIAY (Unification) 7135809190 @M %10 (Tail Recursion) nM3dou
798 (Backtracking)
2.3.1 yHadeyalunnlilsden
1. aeavil (Atom)
A A ¥ o & Y w @ w o o w
Aoarfiunuaieden1iy Fedszneunie Auay Ao 1WdulndnuIsuag
@ o o o o o i T [ o ]
waoududmuiidnmszduiludfuwlvg Tsunsuszuesilududs uaddosmsld
snuseiern 1 1gonalsemenson mu <,
2. AUAY (Number)

o [~ o = '
ﬂ§$ﬂﬂﬁﬁ?ﬂlﬂ%%Tuﬂumﬂﬁ‘lﬂlaﬁﬁl’!u?ﬂiﬁﬁ I 123 10 123.45
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3. @5 (Variables)
Fudsaznaasaleaisdnuseiliznoudae 4280w duay nazduld
Y é’ ) o' T o [l 1 =~ 1 =3
snusy Taevzdesiududrodifiudlng dulslusldsen lilesfidudoya uassd
dnyagadegluuy (Patern) Fefmua 13luiSoamavih idivinu
A1 5919U% (Anonymous Variable) 2130y lasld nTaenmnadulasnase
= T
oA den ()
4. Wi?ij(Ter'm)
¢ 1 a @ = ] o
Wil (Term) 1Usznoudas dausia (Head) Wuezaow Gondt Wadmes
o a 1 ] ) o 1= = 3
(Functor) ttazwsfimesaneg i ludsemmuatsaandoya SummsdineiweFonners
b
361 {Arity)
5. Bad (List
2 Y w co o d Y o Vo ¢ Ao = ¥
AsTassaindeyai lddvdeymilunguilulassair iy uiond

fed (U0 2.7)

BT HIUAD HIUAN TN
(31JLL13U1*'§"’J‘11J) (zuuvlmBaweridu)
{a] a (1 {alh
[a.b.c] a [b.c] {a..(b.{c.[ 1
£l - - {1
{[a,bl.c] {a.b] (c] L(a. bl el )
EX|Y1 X Y (XY
X Y] X [ylZl (X.{Y.2))

P =) ¥ - o =4 ~ o o
51 2.7 mslsonahvesdanlunu Tsaen (YaaSy Nafina, 2548)

Y & o
6. VBNV (Facts)

Y d a & a A d 1 o a o
PBLNIII ﬂﬂﬂ?"ll!‘ﬂ‘i\??’l&ﬂﬁﬂgiuﬁ’mﬂ’ﬂﬂig uazmmmmmauﬂummg

2 5 L] ]
nlddezeg lugluuymsadian (Predicates) Aa081919U

o

& a ) & &
female(dang). % female A8 EW'§ﬂﬂlﬂﬁﬂi$ﬂﬂﬂﬂ'}ﬂ'ﬁu@8'ﬁiﬂ

€

oo 3

fernale(dang, ying, meow). % female Ao mInmnesEneuAIeuD1SIA
P =y o :i o ar d‘l o Ey = 3/ 3t
fimsamanaten Anvua iludane e ldanuseGonldau'ld

gen9aza N 18 11 TSRS writeln(*Hello’) 32uaAtHABRNHT 19871 Hello taz 9213 u15i%a

1 Us5MA
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7. 0§} (Rule)

1 ]
[

Aedennuiivouey lugluuvvennussiifieu Ty by
eat(apple) :- happy(zaguraba).
A U ' b " ,3’ 1 9 e
@wIvInNIg " - utan o, NHHHUUEAIINIT 01 happy(zaguraba) 1)
= = =
934 eat(apple) 9zduasadn

8. M3FeNd1 (Recursive)

& ¥ ' EY

o A A o w o o e o
Wuwieliedaguesllsaon msznmwi ldsaen lulididousr wu o

s
=)

gt -~ ] o o4 9 = 97 os

geamstisunlaniuusswysy annsedioudesuilszmatioladsi
ancestor(X,Y) :- parent(X,Y).
ancestor{X,Y) :- parent(X,Z), ancestor(Z,Y).

o ' < ' i = @ 3
TINFIDE T U TN NAOUNTARIAN ancestor(Z,Y) =TNMIBUnA1039

9. mstfssuum (Evaluation)
mydssfiumviemstlszuanavesmnTusfeniuded1diins aeunns
foyn TWiunsuAeg lldumdamiaeTadnymemsAunazy1d Search Tree Tnofowvafld
vzl Inuasnued Tree 10 InuasNEdummasuasan lUB oo  audeTnualy W die
Aoamsaevaninlusunsude iU sally Sufioed erca wie'hi nsaeuniuazeglu
AnN¥ME - sibling(sally, erica). uasﬁmauﬁ‘lﬁ’ﬁa yes
sibling(3,Y) :- parent(Z,X), parent(Z,Y).
father(X,Y) :- parent(X,Y), male(X).
mother(X,Y) :- parent(X,Y), female(X).
parent(X,Y) :- father(X,Y).
parent(X,Y) :- mother(X,Y).
mother(trude, sally).
father(tom, sally).
father{tom, erica).
father(mike, tom).
male{tom).
female(trude).

male(mike).
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°£um§ﬁmuiﬂmﬂsn%x”lﬂmﬁmauﬁaﬁauﬁmg sibling(X,Y) Tatagunifie
X 13 sally unusn Y 514 erica (NI ARIAR parent unuAwNAus X waz Y droezld
parent(Z,sally) 1ag parent(Z erica) wimunee i lasdiusenives sally 8% erica 9%
18imsafian father 15U father(tomsally) 4@ father(tom,erica) UATUSUNTURILABY yes
waneiidertesiailed GRfiAy asynsuied, 2554)
10. Ha'D (Negation)
Tumsihaudaningindesnsidanuduiuiiuiugg s uiluuiensé
s1eamsnrmduins i lidued e mes I dydnueliias « v3e not
2.3.2 szvulisaen
geraur Al lumaiann sunsuTilsfendszneudas GAfme mswnsue?,
2554)
@ Turbo Prolog Taw Borland, Laﬂﬁﬂ’ﬁﬁguug’s
®  Open Prolog (hitp://www.cs.ted.ie/open-prolog/)
®  Ciao Prolog (http://www.clip.dia.fi.upm.es/Software/Ciac)
@ GNU Prolog (http://gnu-prolog.inria.fr)
®  YAP Prolog (http://www.nce.up.pt/~vsc/Yap)
® SWI Prolog (http://www.swi-prolog.org)
®  Visual Prolog (http://www.visual-prolog.com)
@ SICStus Prolog (http:/fwww.sics.se/sicstus/)
® Amzi! Prolog (http://www.amzi.com/)
@ B-Prolog (htip://www.probp.com/)
® TuProlog (http://tuprolog.sourceforge.net/)
® XSB (http://xsb.sourceforge.net/)
@ Trinc Prolog (hitp://www.trinc-prolog.com)

@  Strawberry Prolog (http://www.dobrev.com/)

2.4 lilsunsadadild (ECLiPSe)
Alulilsunsuimueduns llsunsuBnssnedaodouutisdy Wamn Tnganaglsd

T3 1991 (Krzysztof and Mark, 2007) TepifuTlu Tomuvevauas Towuwoiadidldmuse
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a1 Tran 18910 htp://eclipsectp.org/ AUEINIDYES TlsunsuezdiunenIs@ions
ar e o o & o w A e - Y W v
wadu Hanveysalumsfeundy vazfidiaadl lavsiuazmsdan 11 lvogamesain

s g o aw ¥ A4 - =t o b e s L oA
lausFidanlunmsIteasedl Ao lavs3 leduas laus 50 ad Feisaedlauaiiiily

Qs

" o o = = =Y [
lausRimuizdunisud landaunisnisndamand uazSmstaadien 19 ot 19azarn

[

d

=D

1. IWSAIAR foreach

1

=] =S A o @ ot A8 - 1 ) o = ar o
dumsamanimihinaugilifiedsnnedludadeenuifiasdi uasasngaingu

o

Q

P N N 2] A o 1 o o A
Wodnaundudaadng Tnslialee19ns 19 THAL
?-( foreach(X, [a, b, ¢]) do writeln(X) ).
ar 1 = o 9y o EY
AN HBUDINAING T IABLNIAIAR forcach 3211191 LAHABNT AiD
a
b
C
2. msﬁmm count
i = A oo 9 o t‘i o ] oy ds.r 9 1 o= ' or
Humsdwmafiuihiougiliiedum TaemsAmaiiszaselaerifuuud 3 d7
ga o 't o da Ped Vo2 Fen ot v & =t
a15Aanudusnlddus efinudiasldaSudy erinuuudiaulaiauga Taol
s ] o ar c%’
#79813015 1FNUAY
?7-( count(l, 1,3) do writeln{I) ).
o T = o M 9 a M4
M ADUDINAINGT IAGINIAAR count 3LV 19 LAWAGHT D
|
2
3
3 miﬁ!ﬂﬁﬁ‘omm
< = a2 s T A & = o = T 3 = I o~
HhumsamafivhwihiugiiveRsdwenandadnsamuaudi lUludad Taomsa
g v o o o A a
wnatign 193 sy foreach sxvimihndumaiuand T luded
?- ( foreach(X,[a, b, ¢]), fromto(R, S1,80,[1) do
(S1=[X+1150])
),  writeln(R).
PINMIABURINAINE T INTAIAA fromto se¥huThAtiu uazae Idnadng Ae

fat+1,b+1,c+1]
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4. \WSAIAR length
o1 =y A o W e -4 = r_'iy 9 ' o L4 o
Wumwsamaiimnnanueivesaan lasmwsamaiazdslaodnauuud 2 49

o < 1a  dd W e &t " w A o '
13N INUANS A lAAaANABINITHIANLET oA uanaeslddus s uA 1B IR Y
=t Y ar d’.‘
817 Tagaziints loaatl
?- length([a, b, ], L).

o ' = 3 a7 w e A a  og
NNMIEDUATNAINA laamsamaAan: IaNadwns a9 vnnvesdadsiy
= Yy o a Ay e = ER] aw A
msanrated s tman 1anumsSenldueeunis3dail

3
[] L =}
uazsae v ey

X o q Ve @ v ¥ oy ot
Tdsupsuazainauuasm ldduInussvinved 1dnuu ovasdw

2.5 m3lsunaant anssnzaeasuluiiafiy (Constraint Logic Programming)
I~ = = d T = = Ll togt
flumsAisuTdsupsumilowTsunsundenssnzning lua ldwumndia Tagnis 1d
Wouluriaduen i TusunsuBenssnzdnina T 1995 uuuus1da8 Recursion ualy CLP

= R . % o . . L] % ) =1 = §
923l Special Predicate Fuily Builtin egaioludsazyihiimndouldsunsuaszaintaty

ee

Ire

o

= ) EJ A o o w [y .
uguuIfavesns Wsunsudmssngdtedou lvidududnyasavaiv dwaaslugl

= =

2.8

= = l:!. T da) o . .
317 2.8 malinNegiiioandsued CLP (Simonis, 2008)

=1

Tunsieu TdsunsuFansnzdroRoulvisay seisduuunisld@ew le luwuy -

3

o wd
@199 A9l
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2.5.1 1euluief Ut anIsne (Boolean Constraints)
<3 P P> -~ oo . r 9 - a%’,
Auleulvinaasfsnsdadulanuunssng (Logic) Tieanun3olinaiiy

= 4 o T 1
flussandedia uazdoyanvunssnnanisziidunls 2 a1 Ao wue o false lAoAIVDS
A ' oo A 1 o A AT Py
false  vlianilu 0 99U true xRN 1 (Mo TIURILINBUg R Uy 0) uazaziida
Aniiuns fo

=l w

1) At (Negation) A® drdnidumsnagshimsnduminuievssdagn

A ar oW o

s a o w =1 T =N o
awtunms ilunsedudw Taovzlidyanualidli v 191 true TIA5Y04 true AAD false
2

o T i = Y @ o Yo o =& = = 9 -
ﬁ’mmamswauiﬂmﬂmmmsﬂzmﬂmu%mﬂu Tﬂﬂﬂ?ﬂ‘b’ﬂ?ﬂnuuﬂ’]iuﬂﬁ'ﬁ‘l’ﬁi‘ﬂ‘m‘vﬁﬂ

171 neg TuanyTs ic uarne ladagi 2.9

o ;Gn_l_é_rjr'_'E:n'tfr,;r”_
=e: .._“_%Jilib{ic), 2=1, negia
—

ilib{ick, A=0, negiRi.

U Results’ VT

e liblic), & = 1, neg &.
Ko 40.00s cpul

P= . likiic), & = 0, neg A.
A =0
Yes (0.90s cpu)

31 2.9 mslgaaduiumsiias lumsounuy cLp

9 or e F [~
Jinmsdudeiie dunsaevoiwlasdmuadus o Wiiauiu o uny
24 ' =1 at o o= oA 2 = - ' . 2

ANUNLIBVBN false WIBATAAILND UV HWIAIAANYE neg FuTlwmsfinnfiagly library Fo

. = A:? o 3t & w5 e ~ ar ] k4

ic laumsAwailvhmihdluddnidunsiiigsuesdnls A Fawannnsaovoraz i
] &2 1A =
HOANSEIY Yes wanedasfiidiuads

d o Q 1
sUmedmunile dunmsaeuawlasmvuadands A 1WEauTly 1 uny

&4 road = k3 3 = =4 A A o - t ot
FAITUHUIYUBAY true ‘H‘iﬂﬂ'iml[u%iﬂ Liﬁ’ﬂ"ﬁmﬁﬂmﬂ‘l’l"]ﬁﬂ neg BNBMMITULEHAIUDI A LOSHON

3
Ve

ar o of
Tdnnmsaeumuaz Iinasnusiu No nunedeaiidhaia

T
= @ o e [

o A . . o A o o 9
2) Usennliyou (Conjunction) A9 AIAUUUAITNIENIANTIFONATIUNIWAN

4 PR

gt ar = S = eoa A 2 F=Y o ar o = a o ar d o
adu lagsziiaudusssfdelonsansdinediuiiauilucie Taveelidydnualiilu

|

2 et ol g G @ - = ' =1 e ar =
AN 178 AND ”luﬂﬁmwnmﬁmmumsmﬂmmuwauﬂznmﬂﬂmﬂuma ANAIT NN 2.2

4 o /o 4 =Y E4 . .
M990 2.2 nsAutumsFeraeine {Conjunction)
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A B A N B
False False False
False True False
True False False
True True True

ar 1 = = 9/ Al @ a %o o e
Fdegramadou TdsunsuFnssnzdaeou lvtswdy Taems ladadutiums

“AND” uarad ladagilf 2.10

_:llb(lc) A=1, B=1, andi{Z,8).

io- nb{m, A=131 B=m 1, A and B.
ik =1

5= 1

Yez {0.00s cpu)

U 2.10 msldaduiums “aND” lums@suunu CLP

o) o @ o '
sUmedudolie WumsaeuniTasdmuadauls A uazdouds B 106
I~
flu 1 ud ldmsdnaiige and cmnlumwmwaﬂ‘lu library &0 ic Fatunouldimsann and
wdasldida libGe) aldannsodenldinsfimania 9 °lu"£am15u"lﬂ) LRI BIAATT
ad @ o & ar 3 w o
wiARludE NI “AND” v04Auls A uag B #annmsaoun1nes Haansili Yes
=t o ar e ) w
simsdmnile dumsasvomlasdmuaduls o Wil 1 uasds
=t oo [ gt = a4 1 = as ¥ 7] I e W
wils B fandlu o udr1Fins e #ive and wudgidumsgeuniunediudeiie uaznah 14
a o
nmsaevauee I adnsitlu No
! V. . | w
3) Usenariiaen (Disjunction) AB AR uuumiﬂ‘uumumanvm‘”oiwwaam
| @ = A = ¥
feflussafiowndinaiiiauiuns Tavasiidgdnualidly V uie or uasslinsauaase

ANUTT AIANTNT 2.3



22

A1397 2.3 M@ U enInTeIne

A B AV B
False False False
False True True
True False True
True True True

arogumaRisudenny Tasnrslamaduidums “or” ueasladagali 2.1

QueryEntry | QueyEny
‘Fiiiblicy, =1, B=0, or{i,B). ipge o :flib{ic), 2=0, B=0, ox

Yes Cinterrupe (|| o run | Ho “make

?- lib{ic), A=1, B =0, oria, B). 47 liblic), A=0, 3=0, Aer
| i e {0008 epul

= 3 o ar
Sﬂﬂlﬁﬁ,‘lu‘%‘"mﬁﬂ dumsaaumu Inedvuaaunls A ﬁﬂu 1 wazauils B

U

Vet 1 g Y qY e a4 & o a T . A . a 4.
sty o ud ldmsamanie or Fadlumsnnafedly ibary %9 ic UaZWIAARTI
J ary

i @ o & @ 5 w o
mihfdludadudiums “or” vaedauils A uaz B dnannmsgoumuzldnasnidiy Yes
o o s vog r
simedwanie Wumsasuowlredmuaduals A flauili 1 uagdn
oo 9 k] o pryes ¥ = ar 9/ 9/ 2 Al ¢
wils B fiauilu o udaldwsfmande or uiReadunisaauniumeduseile uasHah ia

LY w o
ﬂ?ﬂﬂliﬁ@ﬂﬂ1ﬂﬂ$1ﬁﬁﬁawmﬂu No
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2.5.2 (303 lueladUEad (Linear Constraints)

< 5 d' 1 a d’ )
Hhufeulviuansdemsmeawesdunlsisideams luguuvaumsidudy

s

Tawagsiganutiumadiu + -, *, / viedduiumslumaoufiende < < = £> > Tasll
ot B uMTITATY [y
3a+4b-5¢=060%y+31-2x
o o [ A:%JI a Y Yo = o Foas
msud landdayviewaunsdzediail szvh 1 Idmasundluadaulsved ,
=l ~ g d’l [V = - JA 9t
b, ¢, x wag y mudeuTilsunsudnssneaoiou vty (Hae nadlszaw, 2554) iioun

Tandiymuesaumatadu 248 = 20 uancldasgy 2.2

include library

. define variables

20 $#= [Z*Rn} =B, % # 1is special symbol for ic
alldifferent({B]), % [Bl wvalue not the sane.
labeling (R} .

Bength: 320 n:13.Coli17 Seli0 ' Dos\Windows

511 2.12 msideuTalsunsuFanssnzaseitew lutldy ieudaumsiadu 24B =20

T
s

o = =1 = ¥ ' o
gamdalugih 2.2 Jumsi@ieuTilsunsuomavesdauys A uay B lay
[ ar j" PY ={ o o
duvoslanvzilssazidoansse lUt ussviah 2 sziilunisGonld lausis led vssviah 3
o dr{ =y A FIR & o & d’! F o Q) t:%.J o - =1
Svuademsann solve e ldtluvefmduiiodnanisiFenld Ilsunsull ussvian 4 Wums
Myuasutlsvod R Feozdszaoudledauls A waz B luuisnaf s fivuan1s19v0ea
) : =1 1 1 o - a ] 4
wils R Adlulal 18 Feazdugaean 1 8a 5 ussvian 6 Wuaumsviaiand A wag B lagh
1 ) Qs ar d‘ 1] Q@ T g T sy 1%
(A*2)*B e Ta WA 20 UsTHAR 7 Arwesdautls B s lianaud tasmadnsvnmsGonld

iwIRIAN solve Lane TARagT 2.13
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ST Results HIo T e

i~ solvelR).
R = [2, 5]
Tes (0_0Zs ¢pu, solution 1, maybe more)
P = (5, 2]

Yes (0.0Zs cpu, soluscion 2)

71l 2.13 madns M doUa AWM B onwsAtan solve INDHIAIBY A 1A B

INAUMIITUTU

ar =4 J o & ° .
nnradnsoziu ldhlumsaeunin lasldmds solve®). 22 lddmenves R Fadlu
= ar o o 3 4 T ¥
daduesdauils A uag B dosheeu mnauusaiu A =2 uas B =5 uaziionally more 1o
o 1 o = [ y o o
msneuas b meeviaeaseld A = 5 uaz B = 2 Tumsnammesudu q Adu 118
=) gt o = e ' = o o
matanInumimeuiGenitmaiamsdoundy (Backtrack)
2.5.3 QoulutiaduFadeydnuat (Symbolic Constraints)
4 w o o oo | LR o o o ?.’.. o
TumslFidoulnfadusudulsilimdludydnualns odsnuniudiuiludes
[ 55
BFonld tibrary (sd) FalumislFlavsiiteslinnlsemadulsniadmuaalidulsdae
3
gluri Al
3 o T ] o oA
X &:la, bl % idumstmnanguusemiidiull1dTdduls X Taoeedianh
o
14188 a, b, ¢
=~ o ' 1 ar Eu {
[Y, Z1 &: [a,e] % Humstmuanguusatifduls v uaz Z Taseelisrdidiull
BT
1éf0a,c
TumsSouifioy sxldeSosnuio &= Fanunwied miny wagld

d‘l = 1 P oar = o ' = o & w d‘.
MIBInNe &\= Nanune i Iﬂﬂ%ﬁmﬁ?ﬂﬂWﬂﬂ?iLﬂjﬂuﬂTﬁﬂﬂ\‘iq‘i‘ﬂﬂ 2.14
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- Encoding i Language: . Setting

Macro: Run . Plugi

g %

: _prSd_.pE_

;= lib(sd} . include library

solve(R) :-

rR = [X, ¥, Z1, % define variables
X & fa,b,cl, % define wvalues

Y & [a,b,d},

z & [a,bl,

x

&= Y, ¥s\= %, % define constraint
labeling(R) .

length i 286° lnes: 14 . - in: 14 Colr17° Setto . U posywindaws U i ansE

= =t = 8 E o ar & ow o
51 2.14 madeuTilsunsudenssnzdiotou lufnudadydnual

o

o & 1 & = 4 ' 1
gashdalugid 2.3 dums@ouTsunsuitena X, v, Z Tagauvedlda
s = w ! g w =1 = 9 = w o . =

sefisazBeanine’ Uil ussviant 2 szdlumiBenlslausis sd UTsviaN 3 MvUAMSaIAR

@ G; =1 a ar h 3/ o a
solve U5THaN 4 1Wlun1ssmuaduilsuss R Feazdsenaudtonnds X, Y wag Z Tunssvia
1 o "o V) % | A g Qs ! o oA
7t 5 smuan el 1dvesduls X Feemdluld1dfe o, b, ¢ UITVAN 6 Amuamh

oy ‘é 1 i @r ‘ﬁl. o ' i E-7)

Flul 1 dveeiuds v Famiidiull1aae a, b, d ussvian 7 mmuaaindlu il ldvesdnds

& [ ) w o ' ar  ar ] P
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Algorithm Apriori

//Input: Database D, Minimum_support.

//COutput: L, frequent itemsets in D.

(1) L, =find_{requent_litemset(D)
(2) for(k=2;Ly_; # @; k++){
(3) Cx = apriori_gen(Ly..,, Minimum_support);

(4)  foreach transactiont € D { // scan D for counts

(5) C; = subset(Cy, t)

(6) for each cadidatece C; {

(7) c.count++ }

8) }

(9) Lx={c € C; | c.count = Minimum_support}
(10) 3}

(11) return ULy
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3.2.2 dana3nu ACIF (Association Rule Discovery With Censtraints In Frequent

Itemset Mining)
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Algorithm ACIF

//Input : Database D,Length, Subset, NotSubset, Minimum_support.

//Output : L, frequent itemsets in D.

(1) L, =find_frequent_litemset(D)
(2) for(k=2;Lg_, # @ k++){
(3) Cy = apriori_gen(Ly_;, Minimum_support);

(4)  for each transactiont € D { // scan D for counts

(5) C; = subset(Cy, t)

(6) for each cadidatec€ C; {
(7) c.count++

(8) }

(9)  C, = checkcondition(Length, Subset, NotSubset, C,)
(10) Lg={c € C; | c.count = Minimum_support}

1D 1}

(12) return uly
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3.2.3 5ﬁﬂﬂ%ﬁu ACAF (Association Rule Discovery With Constraints After

Frequent Itemset Mining)
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Algorithm ACAF

//Input: Length, Subset, NotSubset, Minimum_support, Min_conf :
Minimum confident, RHS : right hand side Items.

//Output: Rules.

(1) L =find_all_frequent_itemset(Minimum_support)}
(2) Foreachlel { // 1 = frequent_itemset

(3) If llength>1{

(4) Ly = checkcondition(Length, Subset, NotSubset, L)
() }
6 1}

(7}  Rules = generate_rule(L;, Min_conf, RHS)

(8) return Rules
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Procedure  generate_rule(Ly : frequent-items, Min_conf: Minimum
confident, RHS : right hand side Items);

(1) Foreachlely // lis frequent-itemset,

(2) k=|1] [/ size of frequent itemset

(3) m = |Hp| // size of right hand side Items
(4) For each his1 € Hmei {

(5) Ifhm+1 = RHS {

{6) conf = 6(fi) / & (fu - hm+1) ;

(7) If conf>= Min_conf {

(8) Rule = rule(fi - hm+1) = hm+1

(9 } Else

(10) delete hm+1 from Hmy1

(11) }

(12) }

(13) return Rule
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TID Items

001 Eggs, Coke, Milk

002 Bread, Coke, Diaper
003 Eggs, Bread, Coke, Diaper
004 Bread, Diaper

é‘, o3 g A 1 3 P o 1
Tuduseuusnazilumsm lomuhnudosnindaya (13199 3.1) Tawdmuan

o “Uﬁguﬁ’}zzmﬂu 2 %99z1d 9 "1asﬁnsmmﬂs1ﬂ§1ﬁ@mfiy‘mm fo [bread, cokel, [bread, diaper],
[bread, eggs], [coke, diaper], [coke, eggs], [diaper, eggs], [bread, coke, diaper], [bread, coke,
eggs], [coke, diaper, eggs]
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Tugtinmesn ilsden (Ui 3.11)

data ([
[beer], [cannedmeat], [cannedveg], [confectionery}, [dairy], [fish],
[freshmeat], [frozenmeall , [fruitveqgl, [softdrink}, [wine]]

[
[beer, cannedmeat, confectionery,winel,
[softdrink, fruitveq,wine, confecticoneryl],
[dairy, cannedmeat, £ishl, ltem
[dairy, freshmeat],
[wine, softdrink, fruitveq, confectioneryl,
[frozenmeal,confectionery, fish],
[confectionery,wine],
[fruitveq, frozenmeal,dairy, freshmeat],
[softdrink, cannedmeat,dalry, cannedveg],
[cannedveq, beer],
[softdrink, cannedmeat,beer, cannedveyg],
{softdrink,dairy,beer]
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If [wine] 4 then [confectionery] 4

If {freshmeat] 2 then [dairy] 2

If [cannedveg, softdrink] 2 then [cannedmeat] 2
If [cannedmeat, softdrink] 2 then [cannedveg] 2
If [cannedmeat, cannedveg] 2 then [softdrink] 2
If [fruitveg, softdrink] 2 then [confectionery] 2
If [confectionery, softdrink] 2 then [fruitveg] 2
If [confectionery, fruitveg] 2 then [softdrink] 2
If [fruitveg, wine] 2 then [confectionery] 2

If [confectionery, fruitveg] 2 then [wine] 2

If {sofidrink, wine] 2 then {confectior;ery] 2

If fconfectionery, sofidrink] 2 then [wine] 2

If [softdrink, wine] 2 then [fiuitveg] 2

If [fruitveg, wine] 2 then [softdrink] 2

If [fruitveg, softdrink] 2 then [wine] 2

If [softdrink, wine] 2 then [confectionery, fruitveg] 2

If [fruitveg, wine] 2 then [confectionery, softdrink] 2

If [fruitveg, softdrink] 2 then [confectionery, wine] 2

If [fruitveg, softdrink, wine] 2 then [confectionery] 2

If [confectionery, softdrink] 2 then [fruitveg, wine] 2

If [confectionery, softdrink, wine} 2 then [fruitveg] 2

If [confectionery, fruitveg] 2 then [softdrink, wine] 2

If [confectionery, fruitveg, wine] 2 then [softdrink] 2

[f [confectionery, fruitveg, softdrink] 2 then [wine] 2
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7- association(R, 3, 2, 100}.
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If [softdrink, wine] 2 then [confectionery, fruitveg] 2

If [fruitveg, wine] 2 then [confectionery, softdrink] 2

If [fruitveg, softdrink] 2 then [confectionery, wine] 2

If [fruitveg, sofidrink, wine] 2 then [confectionery] 2

If [confectionery, softdrink] 2 then [fruitveg, wine] 2

If [confectionery, softdrink, wine] 2 then [fruitveg] 2

If fconfectionery, fruitveg] 2 then [softdrink, wine] 2

If [confectionery, fruitveg, wine] 2 then [softdrink] 2

If [confectionery, fruitveg, softdrink] 2 then [wine] 2
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If [fruitveg, wine] 2 then [confectionery, softdrink] 2 [f [fruitveg, sofidrink] 2 then [confectionery] 2
If [fruitveg, softdrink] 2 then [confectionery, wine] 2 If [confectionery, softdrink] 2 then [fruitveg} 2
[ [fruitveg, softdrink, wine] 2 then [confectionery] 2 If feonfectionery, fruitveg] 2 then [sofidrink] 2
If [confectionery, softdrink] 2 then [fruitveg, wine] 2 If {fruitveg, wine] 2 then [confectionery] 2

If [confectionery, softdrink, wine] 2 then [fruitveg] 2 It {confectionery, fruitveg] 2 then {wine] 2

If [confectionery, fruitveg] 2 then {softdrink, wine] 2 If [sofidrink, wine] 2 then [fruitveg] 2

If [confectionery, fruitveg, wine] 2 then [softdrink]} 2 If [fruitveg, wine] 2 then [softdrink] 2

If [confectionery, fruitveg, softdrink] 2 then [wine] 2 If ffruitveg, softdrink] 2 then [wine] 2

If [softdrink, wine] 2 then [confectionery, fruitveg] 2
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If [wine] 4 then [confectionery] 4

If [freshmeat] 2 then [dairy] 2

If [cannedveg, softdrink] 2 then [cannedmeat] 2

If [cannedmeat, softdrink] 2 then {cannedveg] 2

If [cannedmeat, cannedveg] 2 then [softdrink] 2

If [softdrink, wine] 2 then [confectionery] 2

If [confectionery, softdrink] 2 then [wine] 2
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If [fruitveg, softdrink] 2 then [confectionery] 2

If [confectionery, softdrink] 2 then | fruitveg] 2

If fconfectionery, fruitveg]} 2 then [softdrink] 2

If [fruitveg, wine] 2 then [confectionery] 2

If [confectionery, fruitveg] 2 then [wine] 2

If [softdrink, wine] 2 then [confectionery] 2

H {confectionery, softdrink] 2 then [wine] 2

If [sofidrink, wine] 2 then [{fruitveg] 2

If [fruitveg, wine] 2 then {softdrink] 2

If [fruitveg, softdrink] 2 then [wine] 2

If {sofidrink, wine] 2 then [confectionery, fruitveg] 2
If [fruitveg, wine} 2 then {confectionery, softdrink] 2
If [fruitveg, sofidrink] 2 then [confectionery, wine] 2
If [fruitveg, sofidrink, wine] 2 then [confectionery] 2
If {confectionery, softdrink] 2 then {fruitveg, wine] 2
[ [confectionery, softdrink, wine] 2 then ffruitveg] 2
If [confectionery, fruitveg] 2 then [sofidrink, wine] 2
If [confectionery, fruitveg, wine] 2 then [softﬁrink] 2

If {confectionery, fruitveg, softdrink] 2 then [wine] 2
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If [softdrink, wine] 2 then [confectionery, fruitveg] 2 |1f [fruitveg, softdrink] 2 then {confectionery] 2
If [fruitveg, wine] 2 then [confectionery, softdrink] 2 {If [confectionery, softdrink] 2 then [fruitveg] 2
If [fruitveg, softdrink] 2 then [confectionery, wine] 2 |If {confectionery, fruitveg] 2 then [softdrink] 2
If {fruitveg, softdrink, wine] 2 then {confectionery] 2 |If [softdrink, wine] 2 then [fruitveg] 2
If [confectionery, softdrink] 2 then [{ruitveg, wine] 2 |1f [fruitveg, wine] 2 then [softdrink] 2
If fconfectionery, softdrink, wine] 2 then [fruitveg] 2 |If [fruitveg, sofidrink] 2 then {wine] 2
If [confectionery, fruitveg] 2 then [sofidrink, wine] 2
If [confectionery, fruitveg, wine} 2 then [softdrink] 2

If [confectionery, fruitveg, softdrink] 2 then [wine] 2
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.. Y = ~
ANUAUWUT (Association  Rule)  @28Tdsunsy ACAF dalumsnfSeuneunisning
o o 2 o
AnudunusuY wlseuieunuanaesldsunsuy e TUsunsu Apriori tag11sunsu ACIF

o LY [ o
TagaziminfewfiouninszoznarlumssununganuduiusuazezfTouiiouniw

Y ' o

o v Al Yo A A 9 A ]
gnAssnTungauduius i lasuassauou lundldszynso lu

4.1 YeyanlFlunmsnaaou

v
=

o 4 g]/
Tumsnagoumsauminganuduiusuens 3 Tusunsuazlddoyaniasgiu ¥

< ! Y { ~
Wudoyamednunuingn (Chess)  @1115011an 1N hitp:/fimi.ua.ac.be/data/ TnoTitoiya
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2’, 9 aa do AaAa 4 9 9
MHUA 3,196 1D ﬂi%ﬂﬂﬂﬂ’)ﬂll@ﬂﬂiﬂ’)ﬂ%'lu')u 37 UBNNTUIN uazmagngﬂuﬂaﬂwaﬂ

U

Tugtuvvvesteanulunivldsdenie ldimuz audunisiinuueslsunsy Tasdl
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TeazideadIegvestoyanegili 4.1 Taedoyaneglu [ 1 drvusn idumsszylemuld
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Tdsunsulagindoyanihuniilemues 151 andeyaseiiloiunanua 75 loin  uas

9

A ' ! A = Y . (Y ' =
mayjamgiu [ ] @3UNTD3 AD NITULYAYY (Transaction) ﬂWﬂgﬂLLﬁﬂW]’JﬂﬂNL‘Wﬂ\‘l 7 N3 U

uyagu ua lumIsnaasdanz 14 3,196 NI LAY



data(][

I

[1],[2],13],14],[51.[6),[7],18],19],[10],[11],[12],[13],[14],[15],[16],[17],[18],[19],[20],[21],[22],[23],[24],[25],[26],[27],[28],
[29],[301,[31],(32],[33],[34],[35],[36],[371,[38],[39],[40],[41],[42],[43],[44],[45],[46],[47],[48],[49],[50],[51],[52],[53],[54],

[55],[56],[571,[58],[591,[60],[61],[62],[63],[64],[65],(66],[67],[68],[69],[701,[71],[721,[73],[741,[75]

[1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,34,36,38,40,42,44,46,48,50,52,54,56,58,60,622,64,66,68,70,72,74],
[1,3,5,7,9,12,13,15,17,19,21,23,25,27,29,31,34,36,38,40,42,44,46,48,50,52,54,56,58,60,622,64,66,68,70,72,74],
(1,3,5,7,9,12,13,16,17,19,21,23,25,27,29,31,34,36,38,40,42,44,46,48,50,52,54,56,58,60,62,64,66,68,70,72,74],
[2,3,5,7,10,12,14,15,17,19,21,23,25,27,29,31,34,36,38,40,42,44,46,48,50,52,55,57,58,60,62,64,66,69,70,72,75],
[2,3,6,7,9,11,14,15,17,19,21,23,25,27,29,31,35,36,38,40,42,44,46,48,50,52,55,56,58,60,62,64,66,69,71,72,75],
[2,3,5,7,10,11,13,15,17,19,21,23,25,27,29,32,34,36,39,40,43,44,46,48,50,52,54,56,58,61,62,64,67,68,70,73,74],
[2,4,5,8,9,11,13,16,17,19,21,23,26,27,30,31,35,36,38,40,42,44,46,48,51,52,54,56,58,61,62,64,67,68,71,73,74]

).

9

3191 4.1 YoyanuINgn (Chess)
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4.2 wavaamsaeuanlugluuuma q
4.2.1 wavesmsaovawlugduuulifieulviiey

naaounuTUsunTy ACAF taziimsaounuily 2- association(R, 0, 3000, 50)

a d

Y ' v v A g = A A A A a
T@]EJTNETHJﬂa’rNGllaﬂ’JnJi]ZGlﬁm’aull"llL‘]Jua’c‘f@l’JN‘Vi3J18i1\1]13J3JN€JuUlGUWLﬁELW3Jm3J

UONIHH91NA1 Minimum Support = 3000 1Az Minimum Confidence = 50% #4317 4.2 uazaz

Y o 2% o A o 1 o o Ay Yo o A
Tawaansnariua 1,268 ng A1 4.3 wazaredngaNuaNiusN 1asuag1N 4.4

U

Input expected on ECLIPSe input skream:

(11

clear ok

1 ] 9 9 :
g1 4.2 mslateulvlunaesdonruismunswosmsdeuniwlugiuuy ludiSeu oy

ECLiPSe 6.0 Toplewel

File Query Tools Help

Cuery Entry

eclipse i |lassociation (B, 0,3000, 50) !
run | Yes make

Results

*- association(®, 0O, 2000, 50} .
R =[[7, 2%, 34, 40, Bz, E21, [7?, &3, 2&, 40, EEZ, E&21, [7, &%, 36, EZ, B2, 601,
Tes (38.89= cpu)

m

outpart and Error Messages
a |If [40, 52, E8] 3158 then [35, &0] 3015
If [40, 52, E5, 601 3112 then [36] 32015
If [36] 3092 then [40, 52, 58, &0] 3015
If [36, &0] 3082 then [40, 52, ES5] 3015
If [36, 58] 3098 then [40, 52, &0] 3015
If [36, 58, 0] 3051 then [40, 521 3015
If [36, 52] 3088 then [40, 58, &0] 3015
If [36, B2, €0] 3041 then [40, 551 3015
If [35, 52, 52] 2087 then [40, &0] 2015
If [36, B2, E5, &0] 3040 then [40] 3015
If [36, 40] 32073 then [5Z, 58, &0] 2015
If [36, 40, 0] 3027 then [52, 551 3015
If [36, 40, 58] 2072 then [52, &0] 2015
If [36, 40, E5, &0] 3026 then [EZ2] 3015
If [36, 40, 5Z] 2062 then [58, &0] 2015
If [36, 40, E2, &0] 301€ then [ES5] 3015
If [36, 40, 52, 58] 3051 then [60] 2015

o 1o 4 -
511 4.3 venmuaaswavesmsdoualugiuuy lutitou lviey
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If [7] 3076 then [52] 3065

If [58] 3195 then [7] 3075

If [7] 3076 then [58] 3075

If [60] 3149 then [7] 3031

If [7] 3076 then [60] 3031

If [34] 3040 then [29] 3036

If [29] 3181 then [34] 3036

If [40] 3170 then [7, 29] 3043

If [29] 3181 then [7, 40] 3043

If [29, 40] 3155 then [7] 3043

If [7] 3076 then [29, 40] 3043

If [7, 40] 3050 then [29] 3043

If [7, 29] 3069 then [40] 3043

If [52] 3185 then [7, 29] 3058

If [29] 3181 then [7, 52] 3058

If [29, 52] 3170 then [7] 3058

If [7] 3076 then [29, 52] 3058

If [7, 52] 3065 then [29] 3058

If [34, 40] 3017 then [29, 52] 3004

If [34, 40, 52] 3008 then [29] 3004

If [29] 3181 then [34, 40, 52] 3004

If [29, 52] 3170 then [34, 40] 3004

If [29, 40] 3155 then [34, 52] 3004

If [36, 52, 58] 3087 then [40, 60] 3015

If [36, 52, 58, 60] 3040 then [40] 3015

If [36, 40] 3073 then [52, 58, 60] 3015

If [36, 40, 60] 3027 then [52, 58] 3015

If [36, 40, 58] 3072 then [52, 60] 3015

If [36, 40, 58, 60] 3026 then [52] 3015

If [36, 40, 52] 3062 then [58, 60] 3015

If [36, 40, 52, 60] 3016 then [58] 3015

If [36, 40, 52, 58] 3061 then [60] 3015

(3 ]

1 H Y
31/ 4.4 0619 32 ngaNuFITLEA IRTUINAIHLA 1,268 NY)

Tumsaeuauuuy TuiQeu lunay
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v d

A Y o o o o
13l 4.4 vz ldnganuduiusiuaumnuazmsinauves Tsunsuiuns
~ ° o AR A 1A A a AN Y =
ReUIUMIINNUY0IBaNe3 Nue Insoes lae lilieu luimdy uazngi lavslivaves
a A [~}
aNFnegn 2,3,4 uaz 5 lemy
4.2.2 waveamsaeumwluglnuuliSeulummuavinavesng
v IS < o e
nadouny1Usunsy ACAF taglimsaounuily 2- association(R, 3, 3000, 50)

A ]

' o o ] H '
WREDIUUIAY0INY AR ININN 3 UnAelituau leudsing lungasua 4, 5, 6, .. Taens

D.

[ 9 1 A I a -l [ { 9 v J ?x’/ (%
awnaesennuez latou luiludaning aagii 4.2 uazez lanaaninavun 862 ng Aegila

U

o ] [ v A Yo [ z:;
4.5 HasMIDYINNHANNTUNUD Ulﬂiﬂllﬁﬂﬁﬂﬁgﬂ“ﬂ 4.6

ECLiIPSe 6.0 Toplevel

File Query Tools Help

Cuery Entry
eclipse ¥ |:lassociation(l,3,2000,50) *
run | Yes make
Results

*— associationiR, 3, 3000, 50).
R = [[7, £Z2, 34, 40, 5z, L5281, [7, &%, 35, 40, 5z, &58]1, [7, &%, 326, 52, 5&, &O],
Tes (Z28.34=s cpu)

m

Output and Error Messages
a [If [40, EZ, E2] Z1ES8 then [2&, &0] 201E
If [40, 52, E5, &0] 3117 then [36] 3015
If [35] 3093 then [40, EE, B2, &0]1 3015
If [36, &0] 23052 then [40, 5Z, 58] 3015
If [26, E2] 2098 then [40, EZ, &0] 2015
If [36, B8, 0] 3051 then [40, 52] 3015
If [35, EE] 3088 then [40, 52, &0]1 3015
If [25, B2, &0] 3041 then [40, 58] 3015
If [36, 52, E2] 2087 then [40, &0] =01%
If [36, B2, E5, &0] 3040 then [40] 3015
If [35, 40] 3073 then [EE, 52, &0]1 3015
If [36, 40, &0] 3027 then [5Z, 58] 3015
If [36, 40, E2] 2072 then [5Z, &0] =01&
If [36, 40, E5, &0] 3026 then [52] 3015
If [35, 40, 521 3062 then [52, &0]1 3015
If [2&, 40, EZ, &0] 2016 then [ES] 201E
If [36, 40, EZ, E5E2] 2061 then [&0] 2015

A Y A o
517 4.5 wavesmsaouowlugUunuldteulufmuavuaveng
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If [52] 3185 then [7, 29, 40] 3032

If [40] 3170 then [7, 29, 52] 3032

If [40, 52] 3159 then [7, 29] 3032

If [29] 3181 then [7, 40, 52] 3032

If [29, 52] 3170 then [7, 40] 3032

If [29, 40] 3155 then [7, 52] 3032

If [29, 40, 52] 3144 then [7] 3032

If [7] 3076 then [29, 40, 52] 3032

If [7, 52] 3065 then [29, 40] 3032

If [7, 40] 3050 then [29, 52] 3032

If [7, 40, 52] 3039 then [29] 3032

If [7,29] 3069 then [40, 52] 3032

If[7, 29, 52] 3058 then [40] 3032

If [7, 29, 40] 3043 then [52] 3032

If [58] 3195 then [7, 29, 40] 3042

If [40] 3170 then [7, 29, 58] 3042

If [40] 3170 then [36, 52, 58, 60] 3015

If [40, 60] 3124 then [36, 52, 58] 3015

If [40, 58] 3169 then [36, 52, 60] 3015

If [40, 58, 60] 3123 then [36, 52] 3015

If [40, 52] 3159 then [36, 58, 60] 3015

If [40, 52, 60] 3113 then [36, 58] 3015

If [40, 52, 58] 3158 then [36, 60] 3015

If [40, 52, 58, 60] 3112 then [36] 3015

If [36] 3099 then [40, 52, 58, 60] 3015

If [36, 60] 3052 then [40, 52, 58] 3015

If [36, 58] 3098 then [40, 52, 60] 3015

If [36, 58, 60] 3051 then [40, 52] 3015

If [36, 52] 3088 then [40, 58, 60] 3015

If [36, 52, 60] 3041 then [40, 58] 3015

If [36, 52, 58] 3087 then [40, 60] 3015

If [36, 52, 58, 60] 3040 then [40] 3015

3 1

v ' ] v
51 4.6 A0813 32 nganuFuRuTA IasUnNNIUe 862 ng Tumsaeunwnmvus

Y ' <3
yinaveng 15 inguinna 3 lem
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Yo A o

A <3 Y1 A A Y o
13 4.6 wmmiulanngi 1dsuisnuivasauiiosnin ldaimsmvuavina
a 9 o Y d' Yo g’/ 9 =1 a 1 I~ ,:'
yosaFnnguin 1l Tastmualdngnlasviusgdesliaudnvesnguinii 3 lemu ngh
Yo KX A Aa A <3 ~ <3 Y A =}
lasuvelieaun®nogh 4, 5 loiu nazangili 4.5 azmiuldmar lumsisznanaiiomion
[ = d‘ 9 o 9 d‘ 9 1
nuuuulutiteu luudwuuimuevuavesngaz Inandesna
423 HAYRIMIABUNNUVUMHUATINTNNABINS
% = | . .
msnaaoun 115Uy ACAF uaziimsaeua iy 2- association(R, 0, 3000,
Y v

g’/ 1 9 1 d' @ d' 9 [ 4 [ =
50) Tagnsmunaosdonnuazldtonly asgii 4.7 nazez lanadninavua 242 ng aagil

4.8 e 4.9

Input expected on ECLIPSe input stream: Input expected on ECLIPSe input: stream;

Input expected on ECLIPSE input stream:
[ [

clear | ok clear | ok

(71

clear | ok

¥ A 3 Ay y A 2 Ay 1y g A 9
AIIN 1 : 3zuulamammqmi AIIN 2 : lJ],’f)!fl/lll“l/luli]@]’fo‘ﬂi f3IN 3 : ﬁgul‘ﬂWﬁiﬂﬂ‘U@Qﬂﬂ

A 1 A ' 9 2 g
511 4.7 msldeulvlundesdoanuniauassweanmsas uniuu

o J

o a A 9 9y o
NMHUATUIYON ﬁ’t‘Nﬂ']'iiﬁﬂﬁﬂgillﬂ;]ﬂ??ﬂfmwu‘ﬁ

' ] ] '
1ng1ii 4.7 TumsldSeulvaswsmilu (711 Tanumnedndesmsngh
1 v 1
Usznoudreamdnilu 7 lumsldaeulaluassnasaazarudu [[1] Tanunuea luld

LQ@H%%WLﬂH@MiﬂLWNMN



ECLiPSe 6.0 Toplevel

Fil=  Query

Tools  Help

Query Entry

m

Tes (17.27= cpul

eclipse i 8 associat,ion(R,D,SDDD,SDJI i
run ” Yes make
Results
e association{R, O, 3000, S0)._
B = [[7?, 29, =34, 40, 52, 581, [7, 23, 36, 40, L5z, 58], [7, 29, 36, 52, 5=, &01

- 4 1 3
Output and Error Messages

a [Tf [29, EZ, EE2] 3169 then [7, &60] =01Z

If [£5, 52, 58, &0] 3124 then [7] 301z

If [7] 2076 then [22, E2, 58, &0] 301z

If [7, €01 2021 then [Z3, EZ, E2] 201=

If [7, 58] 2075 then [22, 52, 60] 301z

If [7, E&, 0] 2030 then [25, EZ] 3012

If [7, 52] 2065 then [22, 58, 601 3012

If [7, Bz, 0] 2020 then [£5, 58] 3012

If [7, 52, 58] 3064 then [£9, &0] 3012

If [7?, Bz, B2, 0] 2015 then [E3] 201Z

If [7, 221 2062 then [E2, E2, £0]1 201z

If [7, 2%, 0] 2024 then [E2, 58] 3012

If [7, 22, E2] 2062 then [EZ, €0] 201z

If [7, 22, B2, £0] Z20E2 then [EZ] 201Z

If [7, 2%, EZ] 32058 then [ES, 60] 301z

If [7?, 22, EEZ, 0] 2012 then [E2] 201Z

If [7?, 22, EEZ, E2] Z20E7 then [£0] 201Z

‘]J‘ﬁ 4.8 NﬁGUFJ\1ﬂﬁﬁ'i’)‘]JﬂHJLL‘]J‘]Jﬂ”IWHﬂﬁlﬂGBﬂTI@ﬂQﬂ”lil‘ﬂuhl’t’)mll 7

59

If [58] 3195 then [7] 3075

If [7] 3076 then [58] 3075

If [60] 3149 then [7] 3031

If [7] 3076 then [60] 3031

If [40] 3170 then [7, 29] 3043

If [29] 3181 then [7, 40] 3043

If [29, 40] 3155 then [7] 3043

If [7] 3076 then [29, 40] 3043

If [52] 3185 then [7, 29, 40] 3032

If [40] 3170 then [7, 29, 52] 3032

If [40, 52] 3159 then [7, 29] 3032

If[7, 29, 58, 60] 3023 then [52] 3012

If [7, 29, 52] 3058 then [58, 60] 3012

If[7,29, 52, 60] 3013 then [58] 3012

If [7, 29, 52, 58] 3057 then [60] 3012

If [29] 3181 then [7, 40, 52, 58] 3031

v
=

9
v

M H 1 d
51 4.9 A10619 16 ngANUFITLTA IRTUMINAIHNA 242 ng Aszydestsing lemy 7
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4.2.4 WAYBIMIADUNNUUUMHUATINTNN 11 ABINS
@ = < ..
msnaaeuny 1155y ACAF nagimsaounnilu 2- association(R, 0, 3000,
Y

9 ] ]
50) Taewsenunasstenuez laivoulv Az 4.10 nazaz Idwadninanua 1026 ng Aagl

N4.11 a8z 4.12

Input expected on ECLIPSe input stream: Input expected on ECLIPSe input stream: Input expected on ECLIPSE input stream:

(1 [ (1

cleat | k. clear | ak cleat | ok

¥ A 3 Ay y A 2 Ay 1y g A 9
ATIN 1 : szu”lamammmmﬁ AIIN 2 : ul’f)!“l/liJ“l/luliJﬂ’f)\iﬂWi A3IN 3 : ﬁgul‘ﬂWﬁiﬂﬂ‘U@Qﬂﬂ

d' 1 d' 1 9 g‘; g’z
gﬂ‘ﬂ 4.10 m‘iGltmau”lmcluﬂaawammmmuﬂiwmmﬁﬁa‘umu

nuuMruaaFnn lideans

H 1 v '
1zt 4.10 lumslaSeulvaswsndhu (1] Tanwminei hildiSou lufiey
] Y v
mudndesms 1 leriulathalsinglung assiaealadlu [[7]] Tanuvunei hideans
{ < a v A g A < ' q 1A A A
ngn® 7 Wuamdn lumsla@eulvluasshaunihu (1] Tanuwuen Tuld@eu luwway

1:' [ 9,
LﬂEJ'Jﬂ’]JL’]JTI’ilﬂEJsU’ENﬂQ



ECLiPSe 6.0 Toplevel

eclipse

run

File Query Tools Help

%:

associationi(k,0,3000,50) b 2

Guery Entry

m

R o= [[7,
Tes (2E_88=s cpul

- association( (R, 0O, 3000, 50).

za, 34, 40, 52, 53],

Yes make

Results

17, 22, 26, 40, 5z, B8], [7, 29, 36, &z, &8, 601,

- 4 T
- [If [40,
It [40,
It [40,
If [40,
If [25,
It [3=,
It [3=,
If [25,
If [2&,
If [25,
It [3=,
It [3=,
If [25,
If [38,
If [25,
If [3=,
It [3=,
It [3s,

5z,
5z,
5z,
If [26] 20928 then [40, EZ,
2052 then [40,
3092 then [40,
, 601 20El then
3088 then [40,
, EO0] 2041 then
, E2] 2027 then
, EZ, £0] 2040 then
. 58,

&0]
£2]

601 32113 then
E2] 32158 then

Ountput and Error Messages
£z] 2159 then [36, 52,
(36,
[25,

55, 60] 311Z then

3073 then [&Z

, 801 =018
, E2] =Z01E
, 601 Z01E
, 521 Z01E
, 501 201S
, E2] =0lE
[4a,

, 601
., 58]
. &8,
, 521
. sz,
v 52'

F0Z7 then [£Z2,
307EZ then [5E,

E0] 20Z& then

F0EE then [E5,

E0] 2018 then
£8] 2061 then

&0] 201E
£2]1 32015
&0] 32015

[36] =015

&0] 201E
[40] 3015
&0] 2015

551 301%

&0] 3015
[Ez] =201E
&0] 201E
[E2] 301&
[50] =201&

A ° a A v 9 =P
311 4.1 wavesmsdevamuvuimuadingni lidesns lavsz Termwih 7

61

If [60] 3149 then [52] 3138

If [52] 3185 then [60] 3138

If [62] 3060 then [52] 3049

If [52] 3185 then [62] 3049

If [58, 62] 3060 then [60] 3014

If [58, 60] 3148 then [62] 3014

If [66] 3021 then [58, 60] 3020

If [60] 3149 then [58, 66] 3020

If [52, 60, 66] 3010 then [58] 3009

If [52, 58] 3184 then [60, 66] 3009

If [52, 58, 66] 3009 then [60] 3009

If [52, 58, 60] 3137 then [66] 3009

If [36, 40, 58, 60] 3026 then [52] 3015

If [36, 40, 52] 3062 then [58, 60] 3015

If [36, 40, 52, 60] 3016 then [58] 3015

If [36, 40, 52, 58] 3061 then [60] 3015

A o ' v o AN Yu Y ~ 1 19y 3
gﬂ‘ﬂ 4.12 99U 16 ﬂaﬂ’]']ilﬁuwuﬁﬂllﬂﬁﬂﬂ'lﬂﬂﬂﬂilﬂ 1026 ﬂaﬂ5m33u31vlilﬂﬂﬂﬂ15llﬂlﬂu7
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4.2.5 wavesmsaeumuuuuliteulvimuathwinavesny
@ = < ..
msnaaeuny 115y ACAF uagimsaaun1uiu 2- association(R, 0, 3000,
v 1
=

g’z 1 1A @ ! v J o v
50) Taonsdwnaosdonnuaz laouly dagili 4.13 nazez ldwadnininua 23 ng asgla

4.14 ung 4.15

Input expected on ECLIPSe input stream: Input expected on ECLIPSe input stream:

Input expected on ECLIPSe input: stream;
[ [ [[71,[40]]

clear | ok clear | ok clear k.

¥ A 3 Ay d A 2 Ay 1y g A 9
AIIN 1 : szu”lamammmmﬁ AIIN 2 : ul’f)!“l/liJ“l/luliJﬂ’f)\iﬂWi A3IN 3 : ﬁguLﬂWﬂﬂﬂ‘U@\i

nq

1 ' 9 9
519 4.13 mslaSeulylunaestonnusiseaunss

Y 1
v A

H 1 Y 1
113109 4.13 Tumslaidou lvaswsnuazafiiasuiluaadinedie luldsouly
1] ' H H 9 H v
sulamuduneddn leiuidesnis/lidesmsIfsing ualuassiienuaz laidonluily

[[71,[40]] Hanumanedesmsngitiaan¥nvas then 151 7 uaz 40



ECLiPSe 6.0 Toplevel
File Query Tools Help

Duery Entry

eclipse *|:lassociationi®r,0,3000,50|

i

run ” Yes make

Results
* | ?- associaticon(R, 0O, 3000, 50).
R = [[7, 29, 34, 40, 52, S5=81, [7?, 2%, 36, 40, Sz, 581, [7, 2%, 36, &2, 5%, €01,
Tes (1l4.2Z2s cpu)

m

Tl »

1
-

Output and Error Messages

& |If [22, 52] 2170 then [7, 40] 3032

If [55]1 3125 then [7, 23, 40] 3042

If [22] 3181 then [7, 40, 53] 3042

If [£2,. 58] 3180 then [V, 40] 304z

If [58] 2195 then [7, 40, 57] 3038

If [5Z]1 2185 then [7, 40, E2] 2033

If [E2, E2] 2184 then [7, 40] 2022

If [&0] 2142 then [7, 40, E2] 2005

If [52]1 2125 then [7, 40, &0] Z005

If [52, 50] 2148 then [7, 40] Z005

If [&55] 3125 then [7, 23, 40, 5EZ] 3031

If [52] 31&5 then [7, 22, 40, 58] 3031

If [52,. 58] 3154 then [7, Z7, 40] 3031

If [£9] 3181 then [7, 40, 52, 58] 3031

If [Z#9, 58] 3180 then [7, 40, 521 32031

If [29, 52] 2170 then [7, 40, 521 2031

If [22, B2, ES2] 2162 then [7, 40] 2031

4 [ <]
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If [29] 3181 then [7, 40] 3043 If [52, 58] 3184 then [7, 40] 3038

If [52] 3185 then [7, 40] 3039 If [60] 3149 then [7, 40, 58] 3005

If [58] 3195 then [7, 40] 3049 If [58] 3195 then [7, 40, 60] 3005

If [60] 3149 then [7, 40] 3006 If [58, 60] 3148 then [7, 40] 3005

If [52] 3185 then [7, 29, 40] 3032 If [58] 3195 then [7, 29, 40, 52] 3031

If [29] 3181 then [7, 40, 52] 3032 If [52] 3185 then [7, 29, 40, 58] 3031

If [29, 52] 3170 then [7, 40] 3032 If [52, 58] 3184 then [7, 29, 40] 3031

If [58] 3195 then [7, 29, 40] 3042 If [29] 3181 then [7, 40, 52, 58] 3031
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4.2.6 wavosmsaoumwlugluuulfitenlunse (OR)

o IS
ﬂ’limﬂﬁaﬂﬂﬂiﬂillﬂin ACAF Llagﬁﬂqiﬁaﬂﬂqulﬂu ?- association(R, 0, 3000,

R

3’/ 1 9 ld‘ 1Y d' 9 1Y 1Y =
50) Tagnadunasstenuaz laidonly aegii 4.16 nazez lawadwinaviua 926 ng fagil

4.17 uag 4.18

Input expected on ECLIPSe input: stream;

Input expected on ECLiPSe input stream:
(7,290

clear } ok

Input expected on ECLIPSe input: stream;

[ [

clear | ok clear | ok

A 9
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File ©Query Tools Help

Guery Entry

eclipse F|:|asscciationi(R,0,3000,50) *
un || Yes make

4 T

- asseociatieon{R, 0, 2000, E50.
R = [[7, 29, 34, 40, 5=, 581,
Yes (18.05s epul

, €2, 38, %0, 52, s8], [7, 2%, 35, 52, 58, &01,

Results

If [7, &2, 58]

If [7, 40, 5]
If [7, 40, 52]
It [7, 40, 52,

If [7, 29, 521
It [7, 29, 521
It [7, 29, 5z,
If [7, 29, 40]
It [7, 2%, 40,
If [7, 29, 40,

4[m

Output and Error Messages
a [If [29, 40, 5z] =144 then [7,
Tf [29, 40, 5%, 58] 3143 then
If [7] 3076 then [25, 40, 5z,
If [7, E2] 2075 then [E2, 40,
If [?, E2] 2085 them [29, 40,
2084 then [29,
If [7, 40] 2050 then [E3, EZ,
3042 then [22,
20329 then [23,

£2] 20282 then

If [7, £9] 3065 then [40, 52,
3068 then [40,
3058 then [40,

£58] 3057 then

2042 then [EE,

551 3042 then
EZ2] 3032 then

3031
30321
031
3031

31 4.17 wavoamsdouauluguuy143euluwse (OR)

If [7] 3076 then [40] 3050

If [52] 3185 then [7] 3065

If [7] 3076 then [52] 3065

If [58] 3195 then [7] 3075

If [7] 3076 then [58] 3075

If [60] 3149 then [7] 3031

If [7] 3076 then [60] 3031

If [34] 3040 then [29] 3036

If [7, 60] 3031 then [58] 3030

If [7, 58] 3075 then [60] 3030

If [40] 3170 then [29, 34] 3013

If [34] 3040 then [29, 40] 3013

If [52] 3185 then [7, 29, 40] 3032

If [40] 3170 then [7, 29, 52] 3032

If [40, 52] 3159 then [7, 29] 3032

If [29] 3181 then [7, 40, 52] 3032
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4.2.7 wavoamsaeumwlugduuvldiGeulunaz (AND)
@ ~ I
psnaaeunuldsunsulUsunsy ACAF uaziinisaouaintiu
Y [ v
?- association( R, 0, 3000, 50) Iagnsamnassdonuagldonly aegui 4.19 uazezla

HAdWT 156 ng a3 4.20 Az 4.21

Input expected on ECLIPSe input stream: Input expected on ECLIPSe input stream: Input expected on ECLIPSE input stream:

([71[29]] (1 (1

clear ‘ ok cleat | k. clear | ak.

¥ A g A9 y A 2 Ay 1y y A 9
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ECLiPSe 6.0 Toplewel
Fil= GQuery Tools Help

Yes (lE.ZZs cpu)

m

1

Query Entry
eclipse & |:|associarion(R,0,3000, 50| &
run ” Yes make
Results
“*|?- asscciationiR, 0O, 3000, 50j.
B = [[7, 29, 34, 40, 52, &8, [7, £9, 36, 40, 52, s8], [7, £9, 36, 52, 58, &0],

a |[If [7] 2076 then [Z2, &0] 3024
If [7, 601 3031 then [22] 3024
If [7, 29] 3062 then [E0] 3024
If [50] 3142 then [7, 22, E5Z] 3013
If [52] 32185 then [7, 22, &50] 3013
If [52, &0] 3138 then [7, Z7] 3013
If [22] 32181 then [7, 52, &50] 3013
If [22, &0] 3135 then [7, EZ] 3013
If [22, EZ] 32170 then [7, &0] 3013
If [22, B2, &0] 2125 then [7] 3013
If [7] 3076 then [22, 52, £0]1 3013
If [?, 60] 2031 then [23, EEZ] 3013
If [?, EZ] 2065 then [23, &0] 3013
If [?, 52, 0] 3020 then [Z23] 3013
If [?,. 29] 2063 then [5Z, &0] 3013
If [?,. 29, 0] 3024 then [EZ] 3013
If [?,. 29, EZ] 3058 then [&0] 3013

Output and Error Messages

31 4.20 wavosmsaounwluguuyldonluiaz (AND)

If [29] 3181 then [7] 3069

If [7] 3076 then [29] 3069

If [52] 3185 then [7, 29] 3058

If [29] 3181 then [7, 52] 3058

If [29, 52] 3170 then [7] 3058

If [7] 3076 then [29, 52] 3058

If [7, 29] 3069 then [60] 3024

If [60] 3149 then [7, 29, 52] 3013

If [29, 52, 60] 3125 then [7] 3013

If [7] 3076 then [29, 52, 60] 3013

If [7, 60] 3031 then [29, 52] 3013

If [7, 52] 3065 then [29, 60] 3013

If [7, 52, 60] 3020 then [29] 3013

If [7,29] 3069 then [52, 60] 3013

If [7, 29, 60] 3024 then [52] 3013

If [7, 29, 52] 3058 then [60] 3013
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A1519% 4.1 nanlumsyseuianavee1Usunsy Apriori ACIF tiag ACAF

nanlumsdszuaraiielimslfitou luguunai q
Talsunsu
' o = S Y
Lindeuly | fmusvuiaves | sz loiudae sz lorudae
ng Joulynio (OR) | Noulvuaz (AND)
Apriori 372990 | lawnsenld | liawnsanld laieninsainld
ACIF 38.48 7N 1.45 30 5.09 20 1.56 U0
ACAF 39.35 37U 28.34 3N 18.05 3N 15.22 37U
AU
45
40
35 -
30 -
M Apriori
25 -
H ACIF
20 -
ki ACAF
15 -
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Liddauly AUUALLIA 1198 (OR) LAY (AND)
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Association Rule Discovery with Constraint Logic Programming

PHAICHAYON KONGCHAI, NITTAYA KERDPRASOP, and KITTISAK KERDPRASOP
Data Engineering Research Unit, School of Computer Engineering
Suranaree University of Technology
111 University Avenue, Nakhon Ratchasima 30000
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Abstract: - Association rule discovery is one of a major data mining task that has gained much interest from|
esearchers and general users. The knowledge from association mining can be used to recommend product, design|
catalogs and promotional management. But data processing for association rule discovery has expensive time|
because the relationship from data can be tremendously many more than other data mining tasks such ag
Classification. As a consequence, most association mining software generally create so many rules from the|
association mining process and some of these rules are not beneficial to any users. To solve this problem, we|
propose to incorporate Apriori algorithm with constraint function for user to specify subset of association rules off
nterest items. Users can also identify length of the rules. Our Apriori-with-constraint algorithm can reduce
processing time and reduce a great number of useless rules.

1 Introduction

Nowadays, data mining is popular as a result
bf data storage devices has greater capacity but less
cost, therefore people can access and use these
devices and grow the massive information. Data
mining is used to find the patterns of information
those are available in large databases [4]. Based on
statistics, remember, machine learning and
mathematical principles. The knowledge is gained
from data mining in many forms such as
Association Rule, Data Classification and Data
Clustering. Derived knowledge from data mining
can be used in prediction and decision.

Association rule will model data by finding
the relationship of data in databases. In business,
they are interested in the relationship of data.
Because the derived knowledge from the association
ule may be used for planning the product
placement, recommended product or to stimulate the
product sales and analysis of customer shopping [8].
However, Association rule has an expensive time in
processing and deriving many disinterested rule.

In this paper proposes defining constraint
approach, method for reducing time of information
processing as well as disinterested rules. To define
the constraint, the user can specify subset of
association rule and define the length. Thus,
programming using constraint logic programming

ill _enhance performance of processing while
reduce the line of code.

Key-Words: - Data mining, Association, Constraints Logic Programming

Paper overview. Section 2, summarizeg
related work, related to the constraint association
rules. In Section 3 the theory of association rules,
Apriori algorithm, constraint logic programming
and integrated Apriori with constraints logig
programming. In Section 4 compares the speed in
processing with 3 programs: Original Apriori,
Apriori with function, and Apriori with constraints
logic programming and discussion. In Section 5
conclude with summary.

2 Related Work

A lot of work on mining rules from data is
extensive. Many researchers are interested to find
some idea for enhancement the process off
association rule. In post-processing, many rules are
returned from the mining association rule and the|
process uses a lot of execution time, Ramakrishnan|
Srikant, Quoc Vu and Rakesh Agrawal. [9]
presented mining association rule with specify thej
constraint by the user to receive interested rule and
reduce execution time. The execution time i
reduced because dropped rules is disinterested
(pruning). There are several papers present
improvements by using query database technique|
for mining association rule with constraint-based
[1,2,3]. It is much more efficient to incorporate such
constraints into the associations.

Tihomir Trifonov and Tsvetanka Georgieva.,
[11] presented an application that discovers th




81

constraint-based association rules in an archive for
Unique Bulgarian Bells. They used query database
technique for mining association rule. The
application can give association rules and
implement with Java and SQL. With simple and fast
Imethod, the user can just specify subset of
association rules which no need of understanding
ISQL or Java.

In this paper, we implemented the Apriori
plgorithm with constraint for mining association
rule. For user can specify interested rules and reduce
execution time.

3 Constrained Association Mining and
Its Implementation

3.1 Association Rule

Association rule will find the pattern (rule)
from large databases. The pattern has format;
if...then... or if => then. For example,

Sandwich, Coke => Candy
or
if Sandwich, Coke then Candy

The rule means if the customer buys
Sandwich and Coke then the customer must buys
Candy as well. The mining association rule has two
steps for creating rules from information [5].

Step 1, Find all frequent itemset which greater than
or equal minimum support value. We can find the
support value of the itemsets from all transactions.

suppart(d) = —m8
(4 Trensaction

Step 2, Generate rules with frequent 2-itemsets or
more which greater than or equal minimum
confidence value. We can find the confidence of the
rules from formula.

support(An B)

confldence(A—= B) = i lA)

Data mining discovers relationships in
databases. The important step is to find all frequent
itemsets. There are a lot of ideas and techniques in
Imining association rules. In this paper, we use
IApriori algorithm for finding all frequent itemsets.

3.2 Apriori Algorithm

Rakesh Agrawal and Ramakrishnan Srikant
(1994) have improved algorithms AIS that it works
faster and renamed this algorithm to Apriori. The
Apriori algorithm uses support-based technique for
pruning (cut or reduce) the number of candidate
itemsets instead of enumerates all itemsets. The
principle of Apriori is if an itemset is a subset of the
frequent Itemset then all subset must be frequent
Itemset as well. For explanation, Apriori algorithm
can be used to reduce the number of Candidate
itemsets. Assume a itemset is composed of three
Items {A,B,C} and the subsets are {A}, {B}, {C}
{AB}, {AC}, {B.C}. If {AB,C} is frequent 3
Itemset then subset of {A,B,C} must be frequent
Itemset.

Frequent 1-itemsets = {A}, {B}, {C}
Frequent 2-itemsets = {A,B}, {A,C}, {B,C}

We presented this algorithm for finding
frequent itemset and integrated algorithm with
constraint logic programming because it has high
performance. However, processing of algorithm hag
expensive time and generates disinterested rules.

3.3 Constraint Logic Programming (CLP)

CLP is integrated logic programming and
constraint  solving, use high techniques from
Operations Research and finite mathematics [6]]
Ordinary logic programming is used for iteration
called recursion. Besides, CLP has special predicate
such as for, foreach, fromto, labeling and
alldifferent which makes programming easier. CLP
can also solve mathematical equations.

= lib{ic). v include library
solve(R) -
R=[2 B], % define variables
R 1.5, % define constraint
B #r B, § # is special symbol for o
alldifferent([B]), % [B] value not the same.
labeling(R) .

Fig.1 Example of CLP

In figure 1 shows format of CLP [7] and query
with command solve(R). This program will solve R
We will explain 2 steps of solving, first step defineg
R = A, B which assign value 1 to 5. Second step
compares A, B where A must greater than B and Bj
must different from backtrack. The result is R = [2
11 [8, 1; [3. 2J; [4, 11; [4, 2); [4, 3[; [5, 11; [5, 213
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[5, 3]; [5, 4]. According to the example CLP can
give all possible answer, coding shortly, more
flexible and efficient.

3.4 Designed Apriori with Constraint Logic
Programming

This research aims to develop data mining
for association rule by the algorithm apriori with
CLP.

In designing the algorithm Apriori with
ICLP, we use the main concept and additional part of
constraint of the algorithm as well. The concept is
shown as figure 2.

User Specify ‘

Find All Frequent Itemsets

Constraint

Generate Rule

Fig.2 Framework of Apriori with constraint

- User specify the user must specify the minimum
support, minimum Confidence and can specify
subset in association rules.

+ Find all frequent itemsets to find itemsets which
greater than or equal minimum support.

- Constraint the conditions to be compared user-
defined set with frequent itemsets. The set of user-
defined is whether subset of frequent itemsets or
not. Assume the user interested item {A,B} and
disinterested item {D} from frequent itemsets
{A,B}, {AB,C,D}, {E,C}, {AB,D} the result of
constraint is {A,B}.

- Generate Rule, with frequent 2-itemsets or more
which greater than or equal minimum confidence
Value. Suppose {A,B} is frequent 2-itemset and
minimum confidence is 80%. {A,B} can generate
rule A => B, confidence = 70% and B => A,
confidence = 90% the result of generate rule is B =>
A.

3.5 Apriori with Constraint Logic
Programming

The Apriori algorithm implements with
CLP. CLP allows users to define items those arg
members of the association rules independentlyf
because condition is a mathematical.

This program is a logic programming. In
preparing data must be provided in the format logig
programming (Fig.3).

data(l
[beer], [cannedneat], [cannedveg], [confectionery], [dairy], [fish],
[freshmeat], [frozemmeal], [fruitveq], [softdrink], [wine]]

[

beer, cannedneat, confectioneryl, \\
softdrink, fruitveg,wine, confectioneryl, I[em
dairy,cannedneat, fish],
dairy, freshneat],
wine,softdrink, fruitveg, frozemmeal],
frozemmeal, confectionery, fish],
confectionery,wine],
fruitveg, frozemeal, dairy, freshmeat],
softdrink, cannedneat, dairy, cannedveq],
cannedveg, beer],
softdrink, cannedneat, beer, cannedveq],
softdrink,dairy, beer)

—— Transaction

]

—— Minimum Support

).

Fig.3 Preparing data in the format logic
programming

- Item is to declare each item to the program to be
tested. In Fig.3 the item consists of all 11 Items.

- Transaction is to declare each transaction to the
program to be tested where each transaction must be
in notation [ ]. In Fig.3 the transaction consists of al
12 transactions.

- Minimum Support is to define the minimum
support or it can define at the dialog box when run
the program.

To query the program for association ruleg
must query in CLP format. In figure 4 shows query|
for finding association rules, where wine is subset
fruitveg is not subset in association rules, the length
of the association rule rather than 1 item and
minimum confidence is 100%.
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association(R, Ttendet) , ConSe::[wing], Congls::{fruitveq],
(foreach(3et,R), paran(Cons,Condl, Ttenfet) do
Set = X~ length(X LenIten) LenItem > 1, [7,¥1]&::X
Conds=T, \#Condla=Y1 => findRule([3et]-Itandet-100),
) true

Fig.4 Query the program with CLP format

I association(R,ItemSet) is a predicate to find all
frequent itemsets and store in variable R. ItemSet is
variable to store each transaction to generate
hssociation rules.

+ fineRule([Set]-IltemSet-100) is a predicate to
Denerate association rules. [Set] is the result of
constraint. 100 is minimum confidence.

param(ConS,ConS1,ItemSet) is a variable
Heclaration to import focused variable from outside
he predicate foreach can be used inside.

ConS&::[wine], ConS1&::[fruitveg] define
variable ConS has a subset that is wine and variable
ConS1 has a subset that is fruitveg.

b ConS&=Y is a constraint. Condition is true when
ConS is subset of Y.

b \+ConS1&=Y1 is a constraint. Condition is true
Wwhen ConS is not subset of Y.

+ Lenltem > 1 is the length of the association rule
which more than 1 item.

+ foreach(Set,R) is special predicate in CLP and take
value from list R into variable Set.

t Set=X-_ is the pattern matching from logic
programming. Because Set is format which consists
bf variable X that is frequent itemset and _ is
Bnonymous variable.

When query the program with Fig.4 with
bsing data from Fig.3 the program will show dialog
pox for define minimum support. In this query we
define minimum support to 2. The result is shown in
Fig 5.

ECLiPSe 6.0 Toplewel

File Query Tools Help

Guery Entry
eclipse _i_l: association(R,ItemSet), ConSa:: [ ¥
un | Yes make
Results
-lr =7
TL = Y1

Tes (0.0Zs cpu)

ouput and Error Messages

FfCs/Docunents and Sevtings/Zaguraba_ii Deshuops
lists.eco loaded im 0.00 seconds

If [wine] 4 then [confectionery] 4

If [softdrink, wine] Z then [confectionery] 2
If [confectionery, softdrink] Z then [wine] 2

-~ 4 [ -

Fig.5 The result are association rules.

The result composed of three association
rules. Wine is a member of the rules but fruitveg i
not. From the first rule (If [wine] 4 then|
[confectionery] 4) means if four people buy wing|
then four people will buy candy together. But if run
the program without the constraint there will be 24|
association rules in the result.

4 Evaluation

This section provides an evaluation of
Apriori with the Constraint Logic Programming that]
compared time of processing with the two programs,
The first program is Original Apriori (working same|
as Apriori). The second program is Apriori with
three functions.

1) The function for user to specify subset in
association rules.

2) The function for user to specify not subset in
association rules.

3) The function for user to specify the length of the
association rules.

We use data-sets in figure 3. It consists off
12 transactions and duplicate transaction to 2,167,
32,530 and 63,890 transactions for observation thej
difference between them.
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Second

25
20 » 20,58
~+~AprioriOriginal
55 -#Aprioriwith Function
Aprioriwith CLP
10 9.66 A
=5 36
5 436
231
0 067 : \

2112 10,560 25344 50688 Transaction

Fig.6 Execution time of three program.

In the figure 6 at 2,112 transactions
execution time is not different. If the number of
ransaction in the both programs are over 10,560 the
Driginal Apriori using execution time more than
60%. Because it generates 74 association rules but
Apriori with Function and Apriori with CLP
Denerate just 15 association rules. Apriori with
Function and Apriori with CLP execution time are
hot different because both use same algorithm and
pruning disinterested frequent itemsets. However,
Apriori with Function is a static program and has
he amount of code more than Apriori with CLP.

5 Conclusion

This paper present the algorithm Apriori
with CLP. It can pruning disinterested frequent
temsets, the user can define subset and lenght in
pssociation rules that results to reduce execution
ime of processing. In section Evaluation, Original
Apriori use execution time of processing more than
Apriori with CLP and Apriori with Function.
Because Apriori Original not pruning disinterested
frequent itemsets. Apriori with Function is a static
program because we have to edit its condition in
source code when we want to but Apriori with CLP
can edit at query command.
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Tsunsu Apriori

% association(R,2,100). % <-- main module- fix 6 loops.
:-lib(ordset).

:- compile("filename.txt"). % load file.

association(R,MinSup,Conf) :- data(Data),Data= - ,
( count(I,2,6), fromto(Data, S0,S1,R),param(MinSup,Conf) do
(S0=A-B,
findCL(A-B-MinSup,R- - ,Conf),
allUnion(I,R,NewItemSet),

S1=NewltemSet-B ),!

% findCL([[a],[b],[c],[d].[e]]-[[a,c,d],[b,c.e].[a,b,c.e],[b,e]]-2 ,D).
findCL(ItemSet-Items-MinSup,R-Items-MinSup,Conf) :-
(foreach(X ItemSet), fromto(R,S1,S0,[]), param(Items,MinSup) do
(supOK(X,Items,MinSup,Lenltem) -> S1=[X-Lenltem|S0], ! ; S1=S0)

),findRule(R-Items-Conf).

% supOK([al,[[a, c, dl.[b, c, el,[a, b, ¢, e],[b, e]],2,L) .
supOK(X,Items,MinSup,Lenltem) :-
(foreach(I,Items), fromto(R,S1,S0,[]), param(X) do
(my_subset(X,I) > S1=[1]S0],!;S1=S0)
)
length(R,Lenltem),

Lenltem >= MinSup.
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% findRule([[b, c, e]-2]-[[a,c,d],[b,c.e],[a,b,c,el.[b, e]]-100).
findRule(ItemSet-Items-MinConf) :- ItemSet =0 -> | ;
(foreach(Set,ItemSet), param(Items,MinConf) do
Set = X-Lenltem,
findall(Re,powerset(X,Re),PwSet),
(foreach(ItemX,PwSet), param(X,Items,Lenltem,MinConf) do
(TItemX =X ; ItemX =[] > ! ;
supOK (ItemX,Items,0,LenltemX),
conOk(LenItem-LenltemX-MinConf) -> createRule(ItemX,X,Re) ,
write('If "), write(ItemX),write(' "), write(LenltemX),
write(' then "),write(Re),write(' '),writeln(Lenltem),! ; !

)

% createRule([a],[a,b,c],Result).
createRule([],X,X).

createRule([H|Tr],X,Result) :- delete(H,X,Re),createRule(Tr,Re,Result).

conOk(LenlItem-LenltemX-MinConf) :- Re is (LenItem/LenltemX)*100,Re >= MinConf .

% my_subset compare([1],[1,2]) return T or F

my_subset(Sub,S) :- toSet(Sub,OrdSub), toSet(S,0rdS), ord subset(OrdSub,OrdS).

% allUnion(2,[[a]-2,[b]-3,[c]-3,[e]-3],R).
allUnion(I,ItemSet,NewlItemSet) :- combi(ItemSet,R ), flatten(R_,R),
(foreach(X,R), fromto(NewItemSet ,S1,S0,[]), param(I) do

First-Sec=X,
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(unionN(IFirst-Sec,Out) -> S1=[Out|S0], !;S1=S0)
)
toSet(NewltemSet ,NewltemSet).
unionN(N, First-Sec,Out) :- toSet(First,F), toSet(Sec,S),
ord union(F,S,Out),

length(Out,Len),Len=N.

% combi([[a]-2,[b]-2,[c]-2.[e]-2].R). R =[a-b,a-c.a-e,...]
combi([],[].
combi([H|T],[HR|TR]) :- (foreach(X,T), foreach(Y,HR), param(H) do
X =Set2- ,H=Setl- , Y=Setl-Set2 ),
combi(T, TR).

toSet(X,S) :- list_to_ord_set(X,S).

% powerset([a,b],X).
powerset([],[]).
powerset([ |Rest],L) :- powerset(Rest,L).

powerset([ X|Rest],[X|L]) :- powerset(Rest,L).
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T1l5un53 ACIF

% association(R,0,[[11,[11],2,100). % <-- main module- fix 6 loops.
:-lib(ordset).

:- compile("filename.txt"). % load file.

association(R,LengthI,Subset,NotSubset,MinSup,Conf) :- data(Data),Data= - ,
( count(I,2,6), fromto(Data,S0,S1,R),param(MinSup,Lengthl,Subset,Conf,NotSubset) do
(S0=A-B,
findCL(A-B-MinSup,R- - Lengthl,Subset,NotSubset,Conf),
allUnion(I,R,NewItemSet),

S1=NewlItemSet-B ),!

% findCL([[al,[bl,[c],[d].[e]]-[[a,c,d],[b,c.e],[a,b,c.e],[b, e]]-2,R-[[a,c.d],
% [b,c,el,[a,b,c,el,[b, e]]-2,0,[[11,[[1],100).
findCL(TtemSet-Items-MinSup,R-Items-MinSup,Lengthl,Subset,NotSubset,Conf) :-
ItemSet = [H|_],length(H,Lenltem),
Lenltem =1 -> findSubOk(ItemSet,Items,MinSup,R, ) ;
( findLength(LengthI,ItemSet,ItemSet1),
findSubset(ItemSet1,R1,Subset),
findSubset(ItemSet1,R1,Subset),
findNotSubset(R1,R2,NotSubset),
findSubOk(R2,Items,MinSup,R,Lenltem1)

),findRule(R-Items-Conf,Lenltem1).
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% findLength(0,[[a,b],[a,c],[a.e],[b,c].[b,e],[c.e]l.R).
findLength(Cons,Re,R):-
(foreach(I,Re), fromto(R,S1,S0,[]), param(Cons) do

length(I,Lenltem),Lenltem > Cons -> S1 =[1] S0], ! ; S1=S0

% findSubOk([[a],[b],[c],[d].[e]].[[a,c.d].[b,c.e],[a,b,c.e], [b,e]],2,R,R1).
findSubOk(R2,Items,MinSup,R,R1):-
(foreach(X,R2), fromto(R,S1,S0,[]),fromto(R1,S3,S2,[]), param(Items,MinSup) do
supOK(X,Items,MinSup,Len) -> S1=[X|S0],S3 = [Len|S2],

!'; S1=S0, S3=S2

% findSubset([[a,c],[a,b]],R1,[[a],[b]]).
findSubset(X,X,[]).
findSubset(ItemSet,R1,[Subset|Tr]):-
Subset =[] -> R1 = ItemSet ;
(foreach(X,ItemSet), fromto(R,S1,S0,[]), param(Subset) do
intersection(Subset,X,ReSub),ReSub\=[] -> S1=[X]|S0], ! ; S1=S0

),findSubset(R,R1,Tr).

% findNotSubset([[a,c],[a,b]],R1,[[a],[b]]).
findNotSubset(X,X,[]).
findNotSubset(ItemSet,R 1,[NotSubset|Tr]):-
NotSubset =[] -> R1 = ItemSet ;
(foreach(X,ItemSet), fromto(R,S1,S0,[]), param(NotSubset) do
intersection(NotSubset,X,ReSub),ReSub=[] -> S1=[X]|S0], ! ; S1=S0

),findNotSubset(R,R1,Tr).
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% supOK([al,[[a, c, d].[b, c, el,[a, b, ¢, e],[b, €]],2,L) .
supOK(X,Items,MinSup,Lenltem) :-
(foreach(L Items), fromto(R,S1,S0,[]), param(X) do
(my_subset(X,I) > S1=[1]S0],!;S1=S0)
),
length(R,Lenltem),

Lenltem >= MinSup.

% findRule([[a,c],[b,c],[b,el,[c,e]l-[[a,c,d],[b,c.el.[a,b,c,e],[b,e]]-100,[2,2,3,2]).
findRule([]- - ,[D).
findRule([X|ItemSet]-Items-MinConf,[ Lenltem|Lenltem1]) :- ItemSet =0 > ! ;
findall(Re,powerset(X,Re),PwSet),
(foreach(ItemX,PwSet), param(X,Items,Lenltem,MinConf) do
(ItemX =X ;ItemX =[] >!;
supOK(ItemX,Items,0,LenltemX),
conOk(LenItem-LenltemX-MinConf) -> createRule(ItemX,X,Re) ,
write('If "), write(TtemX),
write(' '),write(LenItemX),write(' then '),write(Re),

write(' '),writeln(Lenltem),! ; !

),findRule(TtemSet-Items-MinConf,Lenltem1).

% createRule([a],[a,b,c],Result).
createRule([],X,X).

createRule([H|Tr],X,Result) :- delete(H,X,Re),createRule(Tr,Re,Result).

conOk(LenItem-LenltemX-MinConf) :- Re is (Lenltem/LenltemX)*100,Re >= MinConf .
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% my_subset compare([1],[1,2]) return T or F
my_subset(Sub,S) :- toSet(Sub,OrdSub), toSet(S,0rdS),
ord subset(OrdSub,OrdS).

% allUnion(2,[[11,[2],[3]1,[[1,2],[1,3],[2,3]D).
allUnion(I,ItemSet,NewlItemSet) :- combi(ItemSet,R ), flatten(R_,R),
(foreach(X,R), fromto(NewItemSet ,S1,S0,[]), param(I) do
First-Sec=X,
(unionN(I,First-Sec,Out) -> S1=[Out|S0], !;S1=S0)
)
toSet(NewltemSet ,NewltemSet).
unionN(N, First-Sec,Out) :- toSet(First,F), toSet(Sec,S),
ord union(F,S,0Out),

length(Out,Len),Len=N.

%combi([[a],[bl.[c],[e]],P)). P=[a-b,a-c,a-e,...]
combi([1,[]).
combi([H|T],[HR|TR]) :- (foreach(X,T), foreach(Y,HR), param(H) do
Y=H-X),
combi(T,TR).

toSet(X,S) :- list_to_ord_set(X,S).

% powerset([a,b],X).
powerset([],[]).
powerset([ |Rest],L) :- powerset(Rest,L).

powerset([X|Rest],[X|L]) :- powerset(Rest,L).
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J1)sunsu ACAF

% association(R,0,2,100) % <-- main module- fix 6 loops.
:- compile("filename.txt"). % load file.

:- lib(sd).

:- lib(ic).

:- lib(ordset).

:- writeln("This is the Mining Association Rule."),

writeln("You can queries by ?- association(R,Length,MinSup,Conf).").

association(R,Lengthl,MinSup,Conf) :-
writeln('Please specify member in [[_]] :'),read(Subset),
writeln('Please specify member do not need in [[_]] :"),read(NotSubset),
writeln('Please specify member in [[_]] :"),read(Goal),
data(Data),Data= - ,
( count(1,2,6), fromto(Data, S0,S1,R),param(Lengthl,Subset,NotSubset,Conf,MinSup,Goal)
Do (S0=A-B,
findCL(A-B-MinSup,R- - ,Lengthl,Subset,NotSubset,Conf,Goal),
allUnion(I,R,NewltemSet),

S1=NewltemSet-B ),! ).

% findCL([[a],[b],[c],[d],[e]]-[[a, ¢, d],[], c, el.[a, b, c, el,[b, e]l- 2,

% R-[[a, ¢, dL[b, c, el,[a, b, ¢, el.[b, e]I- 2,0,[[1],[[11,100,[[1D.
findCL(ItemSet-Items-MinSup,R-Items-MinSup,Lengthl,Subset,NotSubset,Conf,Goal) :-
(foreach(X,ItemSet), fromto(R,S1,S0,[]), param(Items,MinSup)  do
(supOK(X,Items,MinSup,Lenltem) -> S1=[X-Lenltem|S0], ! ; S1=S0)

), notlItem(R,Rel),
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findLength(LengthI,LRe1,Re),
findSubset(Subset,Re,R1),
findNotSubset(NotSubset,R1,R2),

findRule(R2-Items-Conf,Goal).

% Check Item set length > 1

notlltem(R,Re):- R=[H- | ],length(H,Lenltem),Lenltem =1 ->Re =[] ; Re=R.

% findLength(0,[[a,b]-2,[a,c]-2],R).
findLength(Cons,Re,R):-
(foreach(I,Re), fromto(R,S1,S0,[1), param(Cons) do

I=X- , length(X,Lenltem),Lenltem > Cons -> S1 =[1]S0], ! ; SI=S0

% findSubset([[b],[c]].[[a,b]-2,[b.c]-2,[b,c.d]-2],R1).
findSubset([],X, X).
findSubset([Subset|Tr],Re,R1):-
Subset =[] ->R1=Re;
(foreach(I,Re), fromto(R,S1,S0,[]), param(Subset) do
I=X-,
Subsetl &::Subset, Y&::X, Subsetl&=Y ->S1=[1]S0],!;S1=S0

), findSubset(Tr,R,R1).

% findNotSubset([[b],[c]].[[a,b]-2,[b,c]-2,[b,c,d]-2],R1).
findNotSubset([],X, X).
findNotSubset([NotSubset|Tr],Re,R1):-

NotSubset =[] -> R1 =Re ;

(foreach(I,Re), fromto(R,S1,S0,[]), param(NotSubset) do
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=X,

NotSubsetl&::NotSubset, Y&::X, \+NotSubsetl&=Y ->S1=[1] S0], ! ; S1=S0

),  findNotSubset(Tr,R,R1).

% findGoal([[a]],[a,b],R).

findGoal([].X, X).

findGoal([Subset|Tr],Re,R1):-
Subset=[] ->R1 =Re;

Subsetl &::Subset, Y&::Re, Subsetl &=Y -> R1 = Re, findGoal(Tr,Re.R1).

% supOK([al,[[a,c,d].[b,c.e],[a,b,c,e],[b,e]],2,L) .
supOK(X,Items,MinSup,Lenltem) :-
(foreach(I,Items), fromto(R,S1,S0,[]), param(X) do
(my_subset(X,I) > S1=[1|S0],!; S1=S0)

length(R,Lenltem),

Lenltem >= MinSup.

% findRule([[b,c,e] - 2]-[[a,c,d],[b,c,el,[a,b,c,el,[b,e]]-100,[[b]]).
findRule(ItemSet-Items-MinConf,Goal) :-
(foreach(Set,ItemSet), param(Items,MinConf,Goal) do
Set = X-Lenltem,
findall(Re,powerset(X,Re),PwSet),
(foreach(ItemX,PwSet), param(X,Items,Lenltem,MinConf,Goal) do
(ItemX =X ;ItemX =[] >!;
createRule(ItemX,X,Re),findGoal(Goal,Re,R1) ->
supOK(ItemX,Items,0,LenltemX),
conOk(LenItem-LenItemX-MinConf ItemX,R1),! ; !
)
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% createRule([a],[a,b,c],Result).
createRule([],X,X).

createRule([H|Tr],X,Result) :- delete(H,X,Re),createRule(Tr,Re,Result).

% Check Confident
conOk(LenItem-LenltemX-MinConf,ItemX,Re) :-
Rell is (Lenltem/LenltemX)*100,
Rell >= MinConf -> write('If '),
write(Re),write(' '), writeln(Lenltem) ;! .
write(ItemX),write(' '),write(LenltemX),write(' then '),

write(Re),write(' '),writeln(Lenltem) ;! .

% my_subset compare([1],[1,2]) return T or F
my_subset(Sub,S) :- toSet(Sub,OrdSub), toSet(S,0rdS),
ord_subset(OrdSub,OrdS).

%allUnion(2,[[1],[21,[3]1,[[1,21,[1,31,[2,3]]).
allUnion(I,ItemSet,NewlItemSet) :- combi(ItemSet,R ), flatten(R_,R),
(foreach(X,R), fromto(NewItemSet ,S1,S0,[]), param(I) do
First-Sec=X,
(unionN(I,First-Sec,Out) -> S1=[0ut|S0], !;S1=S0)
)
toSet(NewltemSet ,NewltemSet).
unionN(N, First-Sec,Out) :- toSet(First,F), toSet(Sec,S),
ord_union(F,S,Out),

length(Out,Len),Len=N.
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% combi([[a]-2,[b]-2,[c]-2,[e]-2],R). P =[a-b,a-c,a-e,...]

combi([1,[]).

combi([H|TT,[HR|TR]) :- (foreach(X,T), foreach(Y,HR), param(H) do
X =Set2- H = Setl- , Y=Setl-Set2),
combi(T,TR).

toSet(X,S) :- list to ord set(X,S).

% powerset([a,b],X).
powerset([1,[1).
powerset([ |Rest],L) :- powerset(Rest,L).

powerset([X|Rest],[X|L]) :- powerset(Rest,L).
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