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Abstract

High utility itemsets mining (HUIM) is an interesting topic in data mining which
can be applied in a wide range of applications, for example, on retail marketing to find
sets of sold products that give high profit, etc. However, HUIM only considers utility
values of items/itemsets which may be insufficient to observe buying behavior of
customers. To address this issue, we here introduce an approach on pushing regularity
constraint on high utility itemsets mining to observe occurrence behavior of high utility
itemsets. Based on this approach, sets of co-occurrence items with (i) high utility values
and (ii) irregular occurrence, called “high utility-irregular itemsets, HUII”, are regarded
as interesting.

To mine such itemsets, an efficient algorithm called “High-Utility Iltemsets
with Irregular Occurrence Miner (HUIIM)” is designed and introduced. HUIIM scans
database once to capture occurrence information and utility value of single items into
the new-modified utility list structure (NUL) used for maintaining occurrence
information of an item/itemset. The concept transaction weighted utility (TWU),
remaining utility (ru) and tight over- estimated utility (tou) of an item/itemset are
applied and utilized to prune search space. Experimental studies are conducted to
investigate performance of the proposed methods and the results show that HUIIM
can effectively mine high utility itemsets with irregular occurrence in both

computational time and memory usage.
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2.1 ngeineates

[
av A

wnenuAnfiauslulassnsideiidunnanifamndeainnisfumsuuuud
ihaulaneldnisinanuunaulalu 3 wiys il
1. N1TAUN 3 Juwuun | Using U 88 (Mining frequent patterns from transactional
database)
2. m’aﬁumgﬂLLUUﬁﬁmﬂmﬂiﬂ%ﬂjQQ (Mining high utility patterns from transaction
database)
3. miﬁumgﬂquﬁ'ﬂimgu’aaLLazﬂmﬂgasJ'Naﬁ’%aua (Mining frequent regular

patterns transaction database)

2.1.1 miﬁ'umgﬂl,wuﬁﬂi’m{]ﬂaﬂ (Mining frequent patterns from transactional
database)

n1sAumzULuLivsInguasidunisAumsduuuiiuiaulanigldnisiaisan

F1UIUATI (30 ANUBY w3o AND) TunsusingUuvesgUuuumantiu Tnedayminis

v o

AU FULUUNUTING B8 L aiufiNTAUMERYRITI8N SAUANN TR I AUUBE ) 9989

Y
[ '

uTgn/meiny/anuusgnaunisanunsansuinlsunanistedaunsaindeyanenan
Tdudmuszneulunsdniilusiudu nsdanisadsdum nmsviuanndeandud n1sdnng

Y

duduauazdu 9 Inetymasnanaunsadenuls fedl

derwil 1 mrualiten | ={i, iy, ..., i }iuenve9s1en75 (items) 1919918898998

W30LngNITAINABINITNIANIUAUN S

deg1uil 2 navualiien X=1{i, i,

1 0 3 S 1158797 189598077 (set of items, an

itemset %39 a pattern) FIUITNOUMIINANYIIENTT

dguil 3 Tvual TDB = { t,, t,, ..., t, } A9 §IUYBYATIENITNTOTINTOYAUUUNT IUUYN

FY (transactional database) NN ALNTIUUYTAYTY t, € TDB eUsenaung 1) ueay



AAUNTIMUINTU (unique transaction identifier, tid) tid = p ua 2) 1wAYITIENIT X 719N
vssgeglunmuuanduiiu 9 (dsuansiteeslunisei 2-1)

M13199 2-1 fregpudeyasiemsnusznaulumenineaunsuuendulasiensenisn

Usnglusdagnsunenduy

vinglaInILendu (tid) | wasensivsnglunsuiend
(a set of items or an itemset)

1 a, bcd

2 a, ¢ d

3 a, b,d

4 b,c d, e

5 a,bce

6 3, e

7 a, b, c

8 b,c d, e

9 a, b, de

10 a, e

dens18113 X C Y anunsaajdladn lwesienis X dangivlunsiuuendu ¢
nienTuusndu ¢, § X us3gey awnsowanslugiiuuvesdydnualldiiu p* deludievh
NIRTRERUNTIENTS X MU nguulunsusenduladislugiudeya 708 agvilvingiuis

Y

LEAVDIMUBLAINIIUMBNTUNI X Ung) amnsadenlanadl



degruii 4 Tmuali T = (p"(p+17), .., K} 1o 1 < j < k < [TDB| Aotwnvesnuigiay
nIWUINTY (tid) Mgndl X Using Ieaundn (tid) lu T vzgniSevandvamioelvuiniile
WiYszansnmlumsussaiana (a1mnsaisenlngealaity tidset)

deuil 5 Fmualy s* Aotivauasinisusingueusasignis X wiaiseniipmivayuye

wnT18m3 X aansomdaadaitu s = T

o/ [

§208190 1919197971 2-1 998M15 ‘@’ Usngeglunsruuendu ¢, t,, b, ty, &, t, b, ty,
fidsgilissyemuesmnanmauenduiiisenis ‘o’ Usngey feil 70 = (19, 27, 5°,
59,6 79, 99, 107} é’afuﬁwaﬁuaquﬁuaqmmwmi ‘o’ gunsadaldsad s = 19 =
{19 29, 3% 59 69 79, 9° 109} | = 8

[

9IndeudefunsAuRTIen1sNUsINgIUIInguasaunsatieulanil

de1uil 6 lons18my X azifuansiensivsngvesinedes s* dauanimsemnue
Tauvsatiuayy (support threshold, o)

2.1.2 miﬁ'umgﬂquﬁﬁmqmﬂiﬂwﬁga (Mining high utility patterns from
transaction database)

AU sUluUniaRnUsElevlgs gnimuiunatnnsAumsuluunusIng ey
lpgnsAumsUkuURenaaeinnIsiasaiefuAnuUstlesdvesgUwuuneglugUves

a1

warils funu Aeandes Aanuiawatn wazdu 9 msdumsuuuiimgaUszlonigs
avanunsnvenldfemenisdudilinarlsgadeduyusi uenantudiannsovenldie
USnay/sunndudfigndeld deagiliuisn/ e w/aniulssneunisanunsansiui
USinaunstedud udrannsntdeyadananluidudndseneulunmsiarlsludu nns
fnn1sadsdudi nsviuennifondud n1sdnnedududi Tastdymnisdumsuuuudiien

AauUsglevigeanunsationls Al

gil 7 Amunlilsniazs1ens i, € | (Aadenni] 1) sedmpaisslevidnonisusng Tunils
A3IY89TI8NIS i, 138037 external utility 917 HANIS9INGUAITUNTS 9 AUYUVEITUA]

Funils 9 wiedu 9 aunsounumsayanval eul)



M13°99 2-2 fegmauuselevd (Wanls) veusazsnenis

18NS a b C d e

AAUsElel 10 |5 [3 |2 |7

dewi 8 Mvualiunaznsruuondiu t, = i, ..i, } Yssnovluimgiwnvessigns ¥ = (i,
i } 1gnussgeglunsiuuendi t, lasusas | € Y 9zd9uIuns99990715U510) Tuves
999075 iy lumsruuendu t, = (i, i, } 158777 internal utility aa130unulansgdgyanyal

iu(i, tp)

M5 2-3 Megetayan1sTeduA1ueIgnen

MNYEVNIIUINTU R siUTInglunsuusndu

1 a(3), b(6)

2 a(2), c(1), d(3)

3 a(7), b(1), d(5)

4 b(2), c(1), d(3), e(2)
5 a(1), b(1), c(2), e(2)
6 a(2), e(2)

7 a(3), b(2), c(4)

8 b(4), c(1), d(3), e(2)
9 a(3), b(2), d(4), e(1)
10 a(2), e(7)
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v

dguil 9 Argasslovdvessiends i UsInglunsuuenty t, asidunaganssvednis
Us1ngTuvessiens i lunsiuuendu t, duainan/sslevdnenisusingTuninsve

599777 I; ausamuasuuesgenval ul,t,) = iu,t,) x eu(i)

deuil 10 A1aselovivessignts X MUTInglunsruuentu t, sxidunasiuves
pansglemlveaynsren siiiuandnveuensiens X TUTINglunsruuenty t, 812750

AaiazunIgayanyal u(xt,) = 5 € xx e ulXity) x euli)

deuil 11 Arnasslonlvensnsignis X Huringlugiudeyasignisvsdunasiuve
paUselevdvianunved X lunsiuuendunnunid X Using a1u1soa1uiauazuny

ﬁfyﬁﬁ‘l‘fﬁl u(X) = ZX Etp’ tp ETDBU(ti)

faeinedl 2 913197 2-2 uag 2-3 AusznevluMemauUsylovivesuiazsnisuay
F1u70Ya518N15311U 10 5 1ukendu ARl sElerdvoaensienis ‘ab’ lunsuwendu
t, annsarualddad uabt,) = (ulat,) x eul@) + (iulbt,) x eu®)) = (3 x 10) + (6 x
5) = 60 nasmveIRIAaUsHlenaIAves ‘ab’ Tunsuusnduiidl ‘ab’ Using (ndmide
T = ft, t, t, t, t,}) @101 saruaaled ol uab) = u(ab,t,) + ulab,t;) + u(ab,ts)

+ ulab,t;) + ulabty) = 60 +75 + 15 + 40 + 40 = 230

[

T teunsAuJURuUnTrAnUsEleviganunsafienuls dell

deuil 12 199518775 X ssduien sen757dnaiainadselendgs (high utility itemset) 7
patlle X dA1nauuselgvd ux) unnimewiAuardauenasslevd (utility threshold,
o) Mgl mun

2.1.3 m’a‘ﬁ'umgﬂLLUUﬁﬂiﬁngﬂaﬂLLazﬂiﬁngaehaaﬁ'}Laua (Mining frequent regular
patterns from transaction database)
mMsfugduuuivnngUesuazasiianeldgniimudesenainnsrumULuui
Usinguesiduiu Snquszasdndnuesnisfumsuiuuiivsnguesuazasinaneaziduns
naou/AeneingAnssuvesnisunngivressluuunelddoulaludennud (Suau
Af9) wazaruataue (ssaznawaqmsﬂmﬂg‘fﬂ?ﬁ) 189n15U5N4) Tuns@nwAeiu
‘Wi‘@ﬂii‘uﬂ?iﬂi?ﬂg%ﬂ“ua\‘igmwﬂ dwﬁ‘wqaﬂiimmsﬂsmgsﬁuaamaﬁwLaua'w%'alai 1319

au1sadaunalaainszeziatlunisusing Inglun1smsseziainana1veaguiuy 15
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411130A1ULAIINNITHINTURIAVBINUILLAVNIWMINTUNI X UsIngTu (T @1unse

Jeoule fadl

grwd 13 Myualif ¢, (unsruentunsniid X Y5ng mpuaiiauevedsnsiens X

MelgnsUsngTuasausn amIsaaIuInuazunuayanyal fri; =p

i 14 Myuali t, (unsuentuid X Using uasinuuontiu t, (dunsniuuent
nounid 194 X Using mugg T'={ .., p*, ', .. AImuas naueveuensIen1s X

melinsusmngiulunsnuentu t, szannsarninuazunudyanyal ré ,=9-P

il 15 Amuald t, iunsukendugainedd X ysng uazdnsiuenty ¢, i0unsi

P &
o/ 14

uInFugAIIEYeIgINYRYa AIMIINALUILEYBUINTIENIT X NaI19INUTINGTUATIFANIE 0

aunsaAInMazuudyanyal i = m - z

Ndg1ui 13, 14 uag 15 ALaNTAAIUINMIAIANNEL AN YDUIATIENT X
elansusingiuasmiley widslinsufamgAnssuvesnisusingiindulaesiuvedisn

7915 X NFeaunsadenulasail

deruil 16 Amualy * Aevaaiaiierauuigainludionsiegns X Usngdulugudeyanse

1FenIIm 1A NaNDYDUTATIENIT X aI8750A1IUMAZ U UaYanwal ¥ = max ( fri; ,

7 AT )
totg? = Tt e,

A298799 3 1NN 2-1 AIANUANNAUDVRIIRTIBANT ‘@’ Nlwn 77 = {19, 29, 39 59
67, 77, 9%, 107} Tugrudeya awrsaruialaasd = max (7, 0 0,
2 Y 1 12 2'3 35 56

K e e U ) =max(1,1,1,2,1,1,2,1,0) =2

sty " trte? "oty
JEULLIANRINGIANITONISUALAI NN TIBNTFUAT X 23UTINHTURE19URE 1 AT
lunn o F nsukenduitewianu 9910015 K agvilansuiangAnssunis

U31N4TUV04A518115 LaganTeIuNNG U TAU NTAUNLEASIENSTIUIINUBEUAE

Usngedrvainaneteulanil

Jeudl 17 1om51ems X seifuansiemsiidymnguegussusmngeed nasinaseineus s~
dannimseasua@auvsaduayy (support/ frequency threshold, o) kae r'* dia

WpgnImsalnuaIausAINasLae (reeularity threshold, o)
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2.2 UIeNNeIU9

mMsfusULUUTiAnuUszlvigaaziFuann (Chan, 2003) wag (Yao, 2004) ¢
windadgmiveanisAumguwuulsingues (Frequent itemset mining, FIM) fiazfiansan
authaulavessuuuulundyuvesauivesnisusnguingu Tnsfisunuudsinguesl
a1unsavsuanlannuUselevivesgliuukasanudAyvosUhuuTuwdyusng q o9y
warils funu Aanuionatn auAwesdmesvatiu uay du qld deweidTeiliae
waAafiazimsiaaanhaulavessluvuiensiiansangausslevivessuiuy dsamn
mMsfinsanAuUsElevivessUnuuasyihliginseideyansuimailsilaainguuuy
wiantu Inedeyadildannniluusgnaunsdnauladfiotfulssnmnm n1suinis vie
FBnsaiugsiavesusgn/meimeing q 1o uenmiloarnnisuszyndldluwiniegsia nis
AuvnsUuuuidmaaselomigedianunsathluussgndldiuanlunanss fu ety n1s
1A N9 U NI5U (Biological gene analysis) N5t T ukuuilanau (Web-click
sequence analysis) N13A59AUN T TUABIRsTL N5 TnUsEAnBnINesN139T1s M3
nyaeunsildrudsmnes msiesgideyadildandusesidnisa uarnsinsie
Joyanisldinsdninialng Jusu

U

NBUIAALSNAUAEITUNTAUM UL UL TR 1AMUsElevas (high-utility itemset

v &

mining, HUI 7ildnanadnedi Ieilindsodusnunnnenswiiasimndunouianisdum
sunuudsnanlifiuseAviamanndu endfiiu (Liu, Y., uazany, 2005) lneeudndy
ﬁf?umau?%ﬁa]zawauﬂ%mmﬁﬁayjaﬁaﬁﬁmugﬂLLUUﬁéfaﬂﬁwmiﬁmmw (itemset lattice
w38 search space of itemsets) fensiaueUszaunuUsElovvessUluy Mieni
“Transaction Weighted Utility, TWU” asilunasiumesiansslovifiamunuasmnnstu-
weniulugruteyaifsuuuuuing deissanannlsslonissidganimanusslovid
wiasauin fadudauszanuguusslonidadosndnaAdauusnndsslond (utility
threshold) udagiliisannsaausuiuvoonanmsfiansanld esanguuuusananlsl
annsidunadndle wnAnfsitunisuszanuiquusslevdlignussgndldlunate 9
Funeus 1wy nsfumsUuuuAifasslevdaauuuanstuuy (Erwin, A, uazaniy, 2007),

lassaseiulindussansnmdmsunisdumsenisidanalseleviadlugiudoyai

'
a a

WAL (Ahmed, C.F., wazae, 2009), Tassas1eduldniuszansandmsunisaumisienis

'
= 1

niAAuUsElevdgewnes HUP-Growth (Lin, C.W., Wagagy, 2011), MsAumguluunilean
AUselevdgeegaliuse@nsnmaienisinAanyseleviuuuiady (Hong, T.-P., wazAne,

2011), M3AumgULUUATiA1AuUsElonigadeds UP-Growth uag UP-Growth+ (Tseng,
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V.S, wazamy, 2013), Mmevidadfiduszansamlunisdumsenisiidainalsslovige
(Lan, G.-C., uagAaug, 2014-a)

wioghslsfiny meUszinamnuUslevivessunuumes TWU anduefiiu
MnAgasleviluinn Agsyilisliannsaaameusiuiugluuuiidesnisfionsunls
ognaiud Sadumald (Liu, M., waz Qu, J.-G,, 2012) leAnduUssnagaUseloviuuy
ns¥dURISEnNI “tight over-estimate utility, tou” AfiAnAuaseesniim TWU Seavaneli
ansnaaeudusULUUAFsshmsRiansanidinnniudy uazudausuAnves Liu ¢
wennsaantUvliiivaty o mulssendlduwifnninarilunisaaveudiuiadayanie
FruaugUuUUTiFeinsRiansin ety MIfumsULuuiiaaausslevigelagldan
AaUselovilagUszann (Foumier-Viger, P., LazAe, 2014-a), NM13FauAsA sd MU
AuvnsUnuudimaasElenias (Krishnamoorthy, S., 2015)

usnivileanmsimuuszansanlunsrumsuvuifieguusslovigmeld
MsfimueAaLUIRnUsElerIuaY TnITeneinunsyimdeeyaliAnAuluInig F5n13
uazdunausing 9 Aelinisdumsuuuudindniianugeeinanas swdafiuauaiunn
Tuudamsing q Sndudiuuann ey 1) MmafunsUuuuiitimausslovigaingdeya
fifinswAsuulasiaimaiin/answiunsuusndy sadsninudsuslasdoyalunsiuuen
Fuluatenas (Lin, M, waz Qu, J.-F., 2012), (Lin, C-W., uagang, 2014), (Yun, U., iaz
Ryang, H., 2015), 2) msfumsuiuuiiiinasslevigendoyanseua (Chu, C-J., wagans
, 2008), (Ahmed, C.F., uazAniy, 2012), (Feng, L., wa Jin, B, 2013), 3) MsAumguiuuiil
AuUszleviglaun1siasananbssauiuravanu (Chu, 2009), (L, H.-F., kazaue,
2011), (Founier-Viger, P., 2014-c), (Lan, G.-C,, wazAg, 2014-b), (Founier-Viger, P., hag
Zida, S., 2015), 4) msfumzUuvuiidiainadseloviaedlifnsdrdeuvessduuy (wy,
CW,, hagay, 2011), (Lin, M.-Y., kazandy, 2012), (Fournier-Viger, P., iazAtdz, 2014-b),
(Tseng, V.S., wazAy, 2015-a), 5) N1TAANBUAIINY IYINVBINITAINUAAIT ALY
Aaselovimenisivundiuauguuuuiilinailsaegn (Wu, C-W,, wazamy, 2012),
(Zihayat, M., wag An A, 2014), (Ryang, H., Wae Yun, U., 2015), (Tseng, V.S., hag Ay,
2015-b)

TudiuresnisfiansamginsuveanisusngTuressuuuy (Tanbeer, SK, uas
Az, 2009) Fiduinisfaruaulafidunungiutoyadensfinsanarud ($1um
Af1) vasnsUnnguiisegnaisreniliifivsedenisdumsuuuuiiinauls dewnil

Tanbeer wazAny lAUauaRLIANUANTUNSANYINGANTTUTDINITUIINGTUVRITULUY
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Men1sAum ULuUivsIngUesuazUsingegnatiane daasidunisdnwingingsunis

Usnguuvessuiuurishudannuduaranuadianaveenisusing wunnudntdanansai

Y a a

Luuszgndldlalununane 9 du o9y 3nn1snseRuInisvesgsiananetaszaula

Y 9

FIINTAUANYNTOUDY 9 wa¥NTORENAINANBUINNINTIENITAUAINYNTOUBY 7 Liles

U

aefig WeNaryinsdnwSendunlineminziuauneinsvesuilan uazdiaunsa

'
= 1

aelumsdavinluslududmivauiiignieves q swsuduimitlildgnieveslddndae Tu
drwraensimwinsosnwuuivlgdnianisguasnyiules douaiuledersazaulaniny
ariaueveamsndniiieiongdeyaluiumatidoitosiuiie luusuusdernumiaiden
vosiuladliianuiauladedu Tudiuveanisinsesidoyanisiugnssy nguvesdudi
Usnguesuazaianootatsvenisdeyadidfnyliuntinineimansle ludiunaiavungs
ﬁuaaﬁuﬁﬁé’ﬁuﬁﬁﬁmnﬁw‘iﬁ;asmazj’wLamaawaﬂé’%mmmauﬁlamﬂﬁfﬂamumq 9 uazduY

Tunssuuuuiunnguesuazusingedrsasinane §ldazdosinisimun

=

AMIIERES 2 AReiuAeD 1) Adaudsatiuayy wae 2) Adanlinnuadtate Weldin

[

aruiadlandorudidguessuuvuneldnginssunaiad uvesguuuumanty s
0619l5AR uiinswiudi “duslidlifanuslutoyainnou msfmuamdausatiuayy
iietagliusuuvuihadlanasdmnuddguniigraziduFosfigienuazduin” Tne
wnuaAasusatuayuaaiuly envibislanaansidudnuiulesnioenavslule

[

NaaNSLae TuNTmY 15131 TUADIAAMIANTALUILATANL YA LAVINNNSAUMINASNSLANDN

' [
6 aal® L)

pdsBsonanelisunadninintunielufly udlunsdifiendauisgnimualifendon anavinls
ildnadnsoenududaumniiunitfiinagimsiansanesdanu il uagnisdum
naansazldhareudiwnngndie

andgmdnsdiuding1n FadanAdefviinisiauisesenainaiuves Tanbeer
TnoflfnquszasAiaznaniasansimundaudsatuayu Tnofvueligldvinisiimun
FIUIUHAINT (FUBUL) ﬁé’faamsLmuéfaamsmgﬂLLUUV’?&?{V@%JLLUU %aﬂimgﬁlugm%aya
otvashianeuarUInguasiign nelétymil fiidesnsdumsuuuuagdonihnsimun
Amfiees 2 Avhefude 1) Adaudsmnuasitase uay 2) Snnunadnsidesnisluns
AuMFULUUAINa1ILABE195IA5 (Amphawan, K., kagAg, 2009), (Amphawan, K., Wag
Ay, 2012), (Amphawan, K., kag Lenca, P., 2015)

usnmileainnisuanidssanugsenlunisimundaugsaduayy nsfum
sUnuuiivsnguesuazUsngeevasinave Isgnitauneesserdodlunats « wiyy ety

n1sAumIUkUUnUIINgUaskazalawe Angudeyandnsiisiutayalugiudoya
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(Tanbeer, S.K, uazAne, 2010-a) kagaNgIUTaYaLUUNTERA (Kumar, G.V., uay Kumari,
V.V, 2012), (Tanbeer, SK, uagAng, 2010-b) 1139113 Ukuuiiiind uegreasinaned
Usgnausmeguuuuiiusnguesiazusnglites (Surana, A, wazang, 2012), MsAuMIgy
sUuuuUnngUesuaraiauefenmsimunieulufeaduratiuayu (Kian, RU. oy
Reddy, P.K,, 2010) usnivileanauidedrsiundrdeilnuidofisjudiufinisiamnnisdum
sUuuUUTNgUosazUsngogsasinansluliyasiig o Snannane 1wy nmsfumsULuy
Wuseey q Mdulldlugrudeyasuinlng (Luo, X, wazame, 2013), (Kiran, RU., waz
Kitsuregawa, M., 2013), wailaluailunisangeedndlunisaumisienisusingues (Kiran,
RU., Way Kitsuregawa, M., 2014), n1sAunilsafiusnguesiduusedimenisunndann
Futeya (Khaleel, MA, wazany, 2014)
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uni 3
A5n15a10UN1598

nuniinanuTutnedy nsrumgUiuuniianuusslosiguiunmsfumsuuuy

'
a1

uraulangldnisiansandinudsslovivesguuuu uanisaunguuuuaananalyla
firsanngAnssunsusingiu o1y arwiveamsusng muaiiausvesnIsusNgiy
Husiu fremnil (Amphawan, K., uag Surarerks, A., 2015) lgtiniauanisAumsuuuuiiien
AuUseloviiale 8ﬂiﬁﬂgﬁ'§uasi wadwaue (High-Utility Resular Itemsets Mining, HURIM)
Tngvimsiiududeulynisusngeseadiane saudunisiiansandigausylonives
519190199 usiog1alsfinu Msfumsuuuuiiinsufngeswaiaue Senalifisme
dnfumsdumguuuulvilg Adanuvannvans fedu luundazdiauenisdumzuiuuiils
m@mﬂiﬂaﬁuﬁqﬂﬂwmﬂgasmlaiaﬁ%ama (High-Utility Irregular Itemsets Mining, HUIIM)
TnegUuuuludnuasdavannsavsuenienginssuduslaai sadostunisdodudniia
namauLLadlasAudivadugndeessliasinane Fsasilisenounsanunsonsuis
nofAnssun1sTeAuAMIauINg uarngAnssuludsdnvesuilaald ddiuthedudoya
Usgnoumsandulaiieafunsuimsdnnisaumeasada msdavilusluduiiedaaiunisuie

uazdu 9

3.1 HgnaingadasiumsAunguuuunlidauusslevidgelasusingaenals

AMIGED)

nfewiiuguismaluoniiudy nsfunsuuuuiifisauussloigeasdunis
Aumzuuuu X Ta q Adidqausglod u) unnimsewinduadaudsnusslowiddly
Anun (a,,) weiegalsinny msfumzuwuudsnanliaunsauszendld downward closure
property lunisaaneud3gianiug drewad (Liu, Y., uagamy, 2005) 3ldLausuuaio
\Aeniu “transaction-weighted utility, TWU” azifusszanavean i selovidisils
a1u15aUszendly downward closure property lunisannauuigiianiugld aunsaiey

[

Tamail

gl 20 Anarszlevdvesmsnuenti t, iTunaTinvesnIgasslonivesmnTienei

Uainglunamuenti t, aursosanazunuestyansal tut,)=s, e ul.t,)
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Aag1eil 4 AMuualvigiudeyalsznaume 10 nsuuendu lagdsien1siunneiaiu 8

5789113 wanelua13199 3-1 uazArnnUselevivadsazs1en1s wanslun131an 3-2 A1
AaUszlovivomsiuuwentu t, = {a(2), b(3), d(13), f2)} anursaauradlalu tut,) =

ulat,) + ubt,) + uldt,) + ulfit,) = 4 + 9 +260 + 50 = 323

o .=4'

M13197 3-1 gudeyasensnusenaulmeninaiauniuisndulaziwnsen1snusng

TunT N TUNIIIUINTDINITUTINYTUVR WAL TIUNNT

NBEWNTIULENTU (tid) | wesen1siusinglunsuusndu
(a set of items or an itemset)

1 a(2), b(3), d(13), f(2)

(1), e(d), (1), h(4)
a(3), b(2)
a(2), (1)

a(1), b(2), d(1)
c(20)
f(1), h(8)
a(1), e(a), (1)

| N[O | AWV DN

M1397 3-2 MINAIRUUTElEvITRUAALTIENS

918013 a b C d e f g h

AanUsglewd | 2 | 3 4 | 20| 2 | 25| 5 | 3

erudl 21 /1 TWU veuiems1ens X lugiutayasienis TDB suiluaiUssanamnaiselevd
Y09 X MiNNINKaTINYeIR AU slevivasnnsuuentulugudeyasienis TDB 1l X

U54) T1750A1 ISR IEFY TN TWUX)=2, ep x & tult)

Aa9E1e? 5 Angudeyatunsnedt 3-1 wagaseAnuUssloniil 3-2 svzdunaladnen
518015 ‘ad’ Usnglunsiuwendu ¢, uag t; Ay Adssanuauyseloviveuensens

‘ad’ Tugidaya TDB ansadnllidu TWU(ad) = tult,) + tu(ts) = 323 + 28 = 351
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ndetuensien1s X la o d61 TWUKX) deenhdadauwiinalsyleviuaiaey
ylinnguesionves X fmaudsslonitdosninddaunulsslonidouiu fmus
aunsafinnsinNsanwasIEns X wasynisnemsiduguivedienyeasients X oonan
nsiasanlaidesan wasen1s X uaznnaensienisiiduguiesienves X azdlen
AUsElevitoy
wingnslsfinm TWU veamsenisnile asiduruszanunauszloviiian
wnnUszInRuUTEleriasRaudIaNIn AnwRKat1eRY (Liu, M., kag Qu, J.F., 2012)
I¥AndunuinuAnA saduaUszanaunauselovdidanunsedu @anlndiAsstud

AaUsEleniasannu)

Jeruil 22 Myualyi > uanedsa1nuvedsiensluensiegnts | A5, <i, <..i u1eh
518015 7, 8¢ luaAUADUNTNTIENIT I, waEsIENTT i, a8 lUAIRUNDUNTNTIENTT /5 uae

518M3 i, Dusensludsuaaiing

deruil 23 Arnadselevidaunae (remaining utility) ¥994e9s18075 X lunsIu4enTY
MNEINAATIYOIAINAITE lydvesn s sAUTINglunT usnTY t, uagsIensina i

dasumadain X amnsarnnauazunuseaganval ruXt )=3, €t x<iulizty)

7298197 6 31NFIUTRYALUANT1 3-1 kazn1T AR UTEle YN 3-2 ANEIRUTBITIENT
wanuadu a <b <c <d <e <f <g <hAnuUsElevdINE 90 1YNTI8NT ‘ad’

Tumsuwendu t, anwnsasaleidu ruad, t,) = uff, t,) = 50

il 24 Apassylovianuvaeveusnsienis X lugiudeya TDB susiuminasiuvesn
paslevdanunaeveaynsienis X lunnnsuuantuid X Using a1u15aa1uinuas

wumIeaganyal uX)=5, epxcy ruiXt,)

A298197 7 1INFIWTBYAATITIN 3-1 wazaseaAnUsElevin 3-2 Arandselevddiu
Wi oveuens1enIs ‘ad’ lugiudeya TDB arursadiullailu rulad) = rufadt,) +

ruadity) = 50 + 0 = 50

deuil 25 A1szunUssleniuuunsedureusnsIenTs X lugiudeya TDB veidum
HATITENINAINAYTElEY059v0NYn 518075 X HUAIAMIYTElvlauiiaeveuynsenIs

X lugtoyasgnis TDB arwsofuisiuazunualedyansal touX) = ulx) + ru(x)
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A198197 8 1NFIUTBYARITIN 3-1 UavasARuUsElevun 3-2 AssananuUselel

WUUNTETUVRWIATI8NT ‘ad’ d@unsarualalu toulad) = 286 +50 = 336

'
v

ATINAINIT AU L51813015052U LA §19n518n15 X TAUseanunnUselonl

wuunsedutlosnialauusnaselenind wasens v landaannssuiuseninaueg

'
aa o w o a1

18173 X Uag518n73 j; 1a 9 Afldwiundsan X ndmde ¥ = X U i, azilinudselovides
nhAdauuinalsyleviiaue

NBUIAALAL Tt ausaYielraaeudglianiugvenTiaIsauLLe
semsidmaaUsglovigals udegnalsinig Wevhnsiasanmsunngesrslsiasiname
sufunulselov aphlidymnmsfumisnsenisifidnulsslovigauazusngll

dlaneansatonulansi

deuil 26 1wnT19073 X vsluwnsigmsidnaainassloviguasusing luasiauen
sawile X drmmaiselovd ux) lihloenitadauvsnaselevdiiglenmun (o) uaz X da1

pImANaNe r 1nnIATaudenuainaueig e (o) TglTN MR

3.2 JUABUITNITULEUD HUIIM

|
aada

NuITed ladiiaued uneuiS ALY 011 “Hich-Utility ltemset with Irregular

occurrence Miner, HUIM” ia1unsadumsusuuiiirinadseloviauazusingednely

'
o

alaneNgIuteya meldrdannuselovingliimun (o,) warAdanuinnuaiale

'
=

figldtmun (0,) Asinssudeyannguieyafissadufelnsazrnisdiuinuas
fafuenanusylomivesmmauusndulugiudonalilu tList uenaintu HUIM Uszegndld
wAnA1UszInaRuUsElevl kagAUszananuUsEleniluunseturewensenislunis
anneulInlianurveanisiiansanensiens wasldlasairesdeya “New-modified Utility
List, NUL” #ilguugslmiitedaifudoyamnetavidunsmuendundeuiuaaam selom]

YDILAALIIYNT
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3.2.1 Tasea¥ediaya New-modified Utility List (NUL)

Tassadadeya NUL veaensenns X ik azUszneulufedadues d-tuple Ao
<p, uX; t,), rulx; t,), up(X; t,)> 7133 1) p Ao MBI TIURYNTURTnveITIEns X
Using 2) ulX, t) Ae Analselovdvesansionts X Tunsiuwsndu ¢, 3) (X, t,) e A
AUstlevidumaoveawnsnonis X Tunswusndu ¢, was 4) up(X, t) fe Apalsylovd
94 prefix items v8aR518M15 X Tunsuusndu ¢, (prefix items ¥84R518N15 X Ao 1M

YBIWNTIBNSIULIATIBNS X Bnviusiensgaving fegau Muualilensiens X = f,

s i, 1.} prefix items v@unT10NT X WU X - 7, = {i,, ., i })

.
faognedi 9 Rersanansienis ‘ab’ mﬂmiwgmﬁﬁa%aﬁ 3-1 LLazmiwmﬂmﬂiﬂ%ﬁﬁ 3-
2 1|wn31ems ‘ab’ Usinglunsiuwsndugiudeya fie t,, t, uas t, @awnsaadis NUL™ 1&
W <1, 13, 310, 45, <3, 12, 0, 65, <5, 8, 20, 2>} WneiianTnduduusnues NUL™ Usng
Tunsmuusndud ¢, feanselowd uadt,) = 13 maaselovidmivde ruab,t,) = 310
wazAnnUselevives18ns prefix up(abt,) = ula,t,) = 4 dmsunisAuIusaly

AUAINU

3.2.2 SunouAB HUIM

Fefinaranludredu Suneuds Hum IdUssanduuAnanuyssloridninie
wazAUszinagalstlonituunssduifievinisasmouuigiianiug uonntudivings
Uszgndlilassadrateya New-modified Utility List \iteldlumsdafiudeyaidsaiunis
Usngluresisnsienisuil q nieudansglevivonnsionisiu q Asnglunsiuwen
Funils 9 szrhadumaadng uenaintu HUIM vhnmseugiudeyadfissafuieasenisld
Aaddafuanmuusslovinnnsuusndu (tulist) Tnedunoudd HUIM Usgnouludae 2
Fupoundnlunsiunmumuadnsio

1) N398YT4 single-item AiflAUszanmnaUsElovge TneiTuusnazyinisadng
Tnssadasuliifieldifumensuaziansionis (3ond HUI-tree) anifshniseugudeya
nilefaiodniudeyanenisiunngtulilulmungnues R ves HUItree TneFentunoul
11 HUIIM-DBscanning

2) MIAUNINAA NS NN HUI-tree Nas5193 uludunauwsn Ingtsendunauilin

HUIIM-Mining
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Algorithm 1: HUIIM-DBscanning
Input: D, oy, 0,
Output: HUII-tree, HUIT

1: create tuList

2: create and initial root R of HUII-tree

3: create a node for each item 4 ; € I and set as a child node of R

4: create a set of HUIT and initial to be ¢

5: for each trasaction t, in D do

6:  tu(t,) < Zi,etp u(%;,t,) and collect tu(t,) to tuList (t,)

7:  for each item 4 ; in transaction t, do

8: compute (4 ;) < maz(r(%;),p — q) where g is the tid of the last
occurrence of 4 ; in the transaction ¢, and g can be retrieved from
the tid of the last entry in NUL*/

9: compute u (% ;,t,) < eu(i;) X tu(i;,t,) and then create and
collect an entry (p,u(%,,t,),0,0) at tail of NUL*s

10: update TWU (% ;) < TWU(% ;) + tulist(t,)

: 11: for each child node of R with item %, do :

Vo1 if TWU(%%) < o, then 1 | pruning of
V13 for each entry e = (p,u(ix,t,),0,0) in NUL** do i low-utility
| |
| |
|

14: update tuList (t,) « tulist(t,) —u(ix,tp) items
15: remove the node of item 4, out of HUII-tree

16: create a new tuList called temptuLlist and copy all entries of tulist to
temptulList

17: for each child node of R with item %, do

18:  for each entry e = (p,u(ix,t,),0,0) in NUL** do

19: temptuList (t,) < temptulist(t,) — u(ig,tp)

20: Tu (%, tp) < temptulist(t,)

21: update entry e = (p,u(ix,t,),0,0) to be
e:<p7u(7;krtp)rru(7;k7tp)70>

22: u(ig) ¢ u(ix)+u(in, ty)

23: ru(ig) < ru(ig) +ru(ig, tp)

24:  if u(iy) > o, and r(iy) > o, then

25: HUII < HUII U %4

A7 3-1 Tupeun1TeugIuteyatazsryen sndanalselevigwarysingeeiall

AdLAND

FauansseanBonlunmil 3-1 “HUIM-DBscanning” Sunauniseugudeya 1
Funnsadsniesssiuiimihenusilunsdaduieyadostudsd vhnisadredad
tul ist azfvunawinfusumunduresgudeya iielilunmsdnifudandselovives
nansunendulugiudona (sadhs tList azanansndiansiuauadsluniseumsiuwen

Fule) nturnisaslassas1eaulsl HUl-tree wagfimualnunsin R Lazyinn1sasnalium

dwiudanudeyaudazsiens i €  wagdmuslviiduluuagnues R lnsusaglvunazussy

sy 5 deya dail 1) u() Ao naswArRudszlovivesswn i lunnnsuwendunil

U509 2) ru(i) A wasiuAtnadsgloviddmmdsvessnonis i luynnsiuwendudil j

Us1ng) 3) TWUG) Ao Adszanaunadszlovidves i iinainnasiuvesaigaudssloviniu

wonduiidl ;; Usnglugrudeya 4) i) Ae ArAu@ane889n 180T /) 5) NULY e

Inssairedeyanltinudeyansusnglulaganuusslowivessenis j
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dovhnsaieteresiufiviiennudiaia ansuwiniseudeyausasnsuusn
Tu t, ETDB W ovhmsAuuAigauselovinsulendy tu(t,) @sn3audulean
tulty) = 3; & UGy t,) wazdnAulily tuList(t,) Mntufinnsausagsens i ﬁﬂimgﬁﬁu
Tumsuuendu ¢, Tnelumsfinrsanasinsdussiaaeaiiese ) @E@snsamunld
90 1) = max(r(i), p - @) wazvimsiunAgalselovd i, t,) @wnsadunlaain
ulit,) = iuli,t,) x eu(i)) wirdadulilu nuLh fegluguuuy <p, ulyt,), 0, 0> 2ntiurih
nsgwan1Uszaaudsglovd TWUG) @ansaewialdann TWUG) = TWUG) +
tuList(t,)) uardnufutoyaanualiluluunanues R 103 HUI-tree

o

Wevnseudeyaasuynnsuuendu agvin1snsiaaeuaUssanunul el

[3 1Y 1

vousay /; MIaiulilulnungnues R ve3 HUI-tree) InegindAtUssunanalselo s

/'j
TWUG) fiendfesninndaudsnauseleniigldiuun axvinisausients i eenannns
flsan (mnews s1em3 j; Afdsuananaselovifesnitdauimauseloniigly
e agviligUiesionves  dananselovitdesnitAifiauusnaseloviimeuiu 1
aunsafinnsiansansIents i uay lwasrensiduguiesiwnves i panainnnsitansen
1) usiegnalsfiony reufiazausiens i senannsiiansanazinnisanneuansslev
vosuAazns LN duiiisnens j Using iilevhnsaaneuriustanagastlend Tnesi
msfinrsanusazaun@niu NULD Adsdidnvazdu <p, ulyt,), 0, 0> uazshnisannous
tutt,) fignimiiulu tuList(t,) shee ulyt,) wawdlevhmsinrsanynaun@alu NULY auasy
w1 azvhnisavdoyatmunves j; figndaufiveglulnungnues R ves HUI-tree 8RN
mheanudmarnsRasanld (Ussvind 11-15)
n&rnausensidassanunuusslondi duneudellazndunismuame
ansglvidiumdeluuiazaun@nlu NULT sawdehnisduamanalsglend ui) waz
vimsAwarinalstlovldaumae rui) (ussiail 16-25) msAuamnaAnuUszlen
drunde a2i3u1nas13 temptuList wasruualiusiag entries Tu temptulist(t,) 1
WINAU tulist(t,) nturhnisfiansanfiagsiens ij(mﬂé’wﬁ’waaiwaﬂﬁﬁwawdawﬁw
wa7) uagyinisiansanudazaundn <p, ul, t), 0, 0> lu NULY ud 1910158 mianan

= v <

AauvUsglovdvoansiunandu ¢, 1 gndniiveylu temptulist A28 temptulist(t,) =

Y

temptuList(t,) - u(i,t,) ieNagnituisiaulsslevdvesniwnisiegluddudalian

519715 J; lunsiuwendu t, §eA1 temptulist(t,) nasanonanagmsneisinuUszlevl
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drumde rud, tp)Immuamwmmmmanum Igvnssmanudazamndnlu NUL 9
Nrsanlisiandu <p, uGyt,), rulyt,), 0> wagyinsswananuusslovd ul) e ul,t)
wazAnudsyloviddiunde ru() e ru,t,) mudidu ndsaniiansangnandnlu NUL
uAsy daRuUszlond ui) fienlaivosninadautsnasslovigldivun wazaram
aviiawe () innhindauisnnuaianefigldvua «HUIM-DBscanning” axvihnssuy

510015 j; Inuguuuiifidnalstlevdguazusingeddiainae uazdafusenis i 1f

Tuwn HUII (USSiad 24-25)

Algorithm 2: HUIIM-Mining
Input: HUII-tree, oy, 0,
Output: HUIT

1: for each node in HUIT-tree with item 4; do

2. if (tou(d;) « (i) + ru(i;)) > oy then

3 for each node in HUIT-tree with item 1 (where i; < i) do

4: NUL® " < intersect (NUL®, NUL")

5 calculate 7 (% ;%5), w(%;4%), Tu(4;2%), TWU(% ;%) from NUL®s**

6 if TWU(%;i%) > 0y then

7 create a node of itemset 7 ;4 with 7(4;4%), u(i;4%),
ru(ijix), TWU(% ;i) and NUL*7** and then set the node of
i ;% to be a child of 4

8: if u(i;4,) >0y and r(i ;i) > o, then

9: HUII < HUIT U< iy

10: for each node in HUIT-tree with item % ; do

11:  if item ¢ ; has more than one child then
12: MiningAIIHUII(HUII-tree, node of 4 ;, 0y, 0y)

13: Procedure MiningAIIHUII(HUII-tree, node of X, oy, 0,)
14: for child node of X with itemset ¥ =X - 7, do
15 if (tou(Y) <~ u(Y) + ru(Y)) > o, then

16: for child node of X with itemset Z =X - 7, do

17: if there is a path of itemset ‘4,4,  in HUII-tree then

18: NULY? + intersect (NULY, NUL?)

19: calculate r(Y2), u(YZ2), ru(YZ), TWU(YZ) from NULY?

20: if TWU(YZ) > o0, then

21: create a node of itemset YZ with »(YZ2), u(YZ2), ru(YZ), TWU(YZ)
and NUL *Z and then set the node of ¥Z to be a child of ¥

22: if u(Y2) > 0, and r(Y2) > o, then

23: HUII <~ HUITU YZ

A 3-2 JuneunsmgULUTLaTiTiiaaUsslevigauarusingesndldasinane

MAIINTUABUNITBIUgINTOYaLaTIF Y 1519316 HUItree T1Us3q LU BUAAY

'
a a0

sren1sT dalszununalszlevige TuneusaliazidunisAuniiensionisi e

a

AauUsglevigauarusingegsliainaneianunan HUl-tree Nas19tu (Rauanisivaziden
Tunni 3-2) lnglud uneuusnves “HUIM-Mining” a8 dun1sAURILEATI8A1TA AN
AauUsglevigauazusngegeliaianenusenauldiie 2 518013 (U397 1-9) TnelSunu

AINNITNINTUILANILIIENT J (‘1/1 L‘UUI‘Vi‘LmaﬂsUa\‘i R w94 HUII-tree) Lagyinn13n119d0uAl
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AaUsylevduuunsedy toul) = u() + ru() ¥83919M19 7 01 tou() ddnannndiArlaus
aastlenlfiglifmun asvinsssens i dhiusens i, feglusdusinluainsionis
j Woa¥amsfiansaniensenis i mnduvnsdumesindu NULT fu NuLk Whdheiy
wievhnsdaiudeyanisunngiu Aramusslewd uasArnuusslovddiundadusy
ysuuendunile) fwnsiems i’ Using ndnduneudumedienduiaiedu inesld
NULY weaimsnenis i’ azanunsald NUL fandnlunisduaadnausslond uii,)
Anasylenldumde rul, i) Adssnasgauselond TWUG, i) wagimnuasinewe i)

naaanviinseuInAnalselevd Araudselevddiunde AUszuiu

AuUsylovd Arauatiaue 193ensenT G’ WAl 9zvnsnTade ATz

Aasdsglowtd TWUG i) 61 TWUG, i) Sensnnndentiaudsnausslonidigldivun agyinis

asensens i’ wisnvisdeyanmuanineifesiuiensienis i’ Lilulnuagnues

18173 /; wagynsnsaeuianUsslovd u( i) dllalidesnitAdaudenalsslewin

q

wlimmun uagAauaiase (i) inniadaudsnnuaianegldimun duneuis

“HUIIM-Mining” A¥¥i1n1338yInens1en1s %7, Indugunuuidainnuselonigelag

Usngegwliaiianeuagyinisdaiuiensenis i Tulea HUI lagnda1nviinissom

. Y v .

$189173 /; 1 TUT19M1s i) ui Tuseudeluvihnssinsens i Wiiusens i iegludndu

Y =

dala1nT1815 i wazazALdunIIUNTEUIUNTANaTeAY LiTeinsTmTIeng i1

<

funnlnungnues R 183 HUItree Viaviaa 1519¢ 18 luung n1as318n13 i Aussgludeien
emsivszneuluie 2 s1ens uwasduensonis i Husen1study uagvhnismugins
yeunudfuresenisiduaundnveaen | auasuvisnue 1519818 HUItree RIEERIN
felensIens 2 e Adamuszanunusglovigs

n&391na$3 HUI-tree lussqludeiensnonis 2 sien1svianun dumeusioluay
Junsdumisnsensiannnda 2 $19113 “MiningALLHUI” (u35vindl 10-23) TniFausn
MNITRANTAUNTIENITAUAIY ijﬁﬁﬁmaﬂmmqﬂmﬂﬂdw 1 pnthrhnmsiasanuuuises
ANENUIIUAGNUOITIBNTT J; A { i, T, . Ty T wavinnIRsIade AUz
nastleviuuunsydu toul ) Srunnnirendaudaidldimun sgvinssanensients <
i WnAuensens Qi) ﬁagfﬁﬁuﬁmlﬂmmwmi G Wi 0ad 9N 1sRITUNERTIBNTS

‘I i wAnouTUMUTINTIENT A¥YININTIREDUTIUNNTENTINTDIUARTLINTIBNT NIE

iwmiqﬂﬁwmaammwms Uiy A9 iy u,az'maﬂﬁqﬂﬁwaﬁuaammwmi i A i Wiveas

N3NNI INUATDIGANTIENT i i) WAZTINITNTINEDUINUATDTATIBNT ‘i) T
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laseaing HUl-tree dnlaidlvupveaensienis i) Aanansananldinensienis i i’
Juwasensitfimaadssleniin wavannsadansionns i i eenanmsiiarsanls
Tunspssiuddluunveasnsionis i lu HUl-tree agvitnsnnsdumesindu NULT
fu NULT it evhansdauiudayanisusingTu Aaudsglend Arauusslovidiunde
dnfunsusnduniagiwasiens i i Using nEnduneuBumesienduaiadu 1
aglel NULH fazanunsald NULH fananalunisduaainausslend uli i) @
Aalsglovidnimde rul i, i) adszananaselevd TWUG 7, i) warAANNAs AL i iy
i) niasnAwuanaUsElevl AraaUsylevddiumae Arussununulselevd Anny
adiaue Y8R ‘I i winagvimsasaeuAUsvananulsslevd TWUG i, i) 61

fidnnnniAdiaudsnanselosdfiglimmun “MiningALLHUI agyhnsaiiiensiens

i i wisnnstoyansuaiigdosiuenens ‘i i’ luluungnuessiens ‘i’ uay

vinnsasaaeuaAulslond ul i i) SilrlidesninAliaudsnnusglovidiglimnue
wazAnuEiaLe (i, i) IAannniAlianusanueinaue Tuneuds “MiningALLHUI”

o (e o0 ey [~ Aa 4 1 1 °
WNNTIFYINIIENT i) Wugduuuidanulsglevdgaayysngedisliminaue
wazdaLiuEnsen1sRIna s HUI

Wievimssaensens i Wi Qi asedu Junewdl “MiningALLHUI” a¢
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[
= U

519013 7 Tudu nduagyiinisasaseudiuIuenensiuiigey lulnungnues
518715 ‘77 Fandidnuengmsunnnd 1 ez sudimaiieiionienignsi
Usznaulume 4 518015 Taen1sandunisagatiun1sgufeadunsiasuensen1si
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3.3 feg19tunauds HUIM

Al 1) g1udeyasienisusenauluiig 10 nsuwsndudsuanslunisnem 3-1,

2) AnAauUsglenivessnenismil q dauanddunised 3-2, 3) aduveasnsienisiegniela

=

YOULUANIIAATUN Ao a < b < c < d < e < f < g < h, 4) Alauusnulseleni o, =
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40 waz 5) ANTAuUIANNEILAND 0, = 3 MUY MIFUMLERTIENTTTiAAAUTE e
guazdsngliasianefetunoud® “HUIM” armsouandldded

Fumou “HUIM-Scanning” (faudnssoazidoaluning 3-1) 9z13891nn158579
vioresiufimisenudilunsinfutoyadosiu Afsevinisadadad tList Inefuun
whity 8 (runeazwhduduuremsuuendulugudeya) uenaintaginisaddlassats
#uls! HUII-tree 1ilodaiiusonts TnsusazsonsazgninAvlilulnungnues A Tneusay
Tsruaussqludne 5 deya fail LX), rux), TWUX), r(X) uag NUL"

devnisadimdesssiuiivingausiads asvhniseuusasnuuenduly
guteyaifiemuinnnUselov Tnasudunsuwendu t, = {a(2), b(3), d(13), f2)} \ileVh
n1sAunAnuUsElevd tult,) = (ula,t,) x eu(a)) + (iu(b,t,) x eulb) + (iu(dt,) x eu(d))
+ (iufit,) x eul) = (2 x 2) + (3 x 3) + (13 x 20) + (2 x 25) = 323 wazdaLn v tu(t,) lu
tuList(t,) Inwvhnsinnsaudazsenisfivnngulunsuwendy £, wagyhnisdman
NUL v93usiazs1ens ‘a’, ‘b’, ‘d’ way ‘f Sudesiens ‘a’ ¥nssman NULS F9a1nii

szluigndng asgnadwemdu NULY = (<1, 4, 0, 0>} Favsvonldinsens ‘o’ ﬂimgﬁuu
Tunsmuuendu t, Mdedlmaamselonivindu u, t) = iu, t,) x eu(@) = 2 x 2 = 4 (1ang
wig Foyalu tuple Adwmanlu NULC Sslalldvinnsdundnulsyloifimisvosnens
a’ wars1en1s ‘a’ Wusen1sienigaldil prefix nde parent iterns Savilvialy tuple 7
3 wag 4 Sandu 0) uagimuadinuaiiaue ra) = max(fr; ) = 1 ganeyin1senian

Ausznaunastlowd TWU) = tu(t,) = 323 fuandlunwil 3-3

©O©woOwwew

0,0,323,1 0,0,323,1 0,0,0,0 0,0,323,1 0,0,0,0 0,0,323,1 0,0,0,0 0,0,0,0
‘ {[1,4,0,0]} ‘ ‘ {[1,9,0,0]} ‘ ‘ - ‘ ‘{1.26[]1).0}‘ ‘ - ‘ ‘ {[1,50,0,0]} H - ‘

tuList
[[tu(t):323 [ tu(ty:0 [ tu(ty):0 | wu(t):0 | tu(ty:0 [ tultg:0 | tutp:0 | tu(ty:0 |

A9 3-3 B1uteyansuwenduil 1 lugiuteya

doluaeyin1serunsuuendu ¢, = {c(1), e@), g(1), A(2)} Wi p¥yMNITALIAN
AaUseleyy tult,) = (ulct) x eulc) + (iule,ty) x eule)) + (iu(g,ts) x eu(g) + iuh,t,) x
euth) =(1x @)+ (2x4)+(1x5+(3x2) =23 uardniiiu tult,) lu tuList(t,) nturh
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miﬁmimu,m'aziwsJmiﬁlﬂimgﬁyuiummmﬂ%’u t, hAZVINITONAN NUL VoIUsaz
318013 ‘c’, ‘e’, ‘g’ uay ‘h’ Busesens ‘< ¥nssen NULS Feannduasdugaing
wgndmandu NULS = (<2, 4, 0, 0>} idstsuanldinsmens ‘© Usngiulunsuuendu t,
ﬁﬁmﬂmﬂsﬂmﬁ Ulcty) = iu(cty) x eu(c) = 1 x 4 = 4 Lag¥INITAIUIMAIAUAN L@
r(c) = max(fi; ) = 2 gavineviinisswaneUssunaunuusglovd TWUE) = tut,) = 23
MNzThnTSeRmE duTesens ‘e’ ‘¢’ way ‘b’ fauanshunmil 3-4 91nt
ymseunTen I ty- t, WUBMstdusmdduileRiasdman tulist wag HUI-tree

AILAAIIUNNA 3-5

©© 0w o

0,0,323,1 0,0,323,1 0,0,23,2 0,0,323,1 0,0,23,2 0,0,323,1 0,0,23,2 0,0,23,2

\ {[1,4,0,0]} H {[1,9,0,01} H {24,000} H([l,%u.on]}” {[2.8,0,0]} H{[l.ao.o,o]} H {12,5,0,0]} H {[2,5,0,0]} \
tuList
‘ tut,) : 323 ‘ tu(ty : 23 ‘ tu(ty) : 0 ‘ tu(t,) : 0 ‘ tu(ty) : 0 ‘ tu(ty) : 0 ‘ tu(t,) : 0 ‘ tu(ty) : 0 ‘

A 3-4 srudeyansuendun 2 lugiudeya

© W O©wowweow

0,0,387,3 0,0,363,3 0,0,103,4 0,0,351,4 0,0,38,6 0,0,372,6 0,0,47,4 0,0,72,5
(<14,0,0>, | [(<1,9.0,0>, | [«<2,4,0,0>, | [(<1,260,0,0>,] [¢<2.8,0.0>., | [(<1,50,0,0>, | [(<2,5,0.0>, | [(<2.,6,0,0>.
<3,6,0,0>, | | <3,60,0>, || <6,80,0,05)| | <520,0,05)| | <88,0,0>) || <7,25,0,0>) | <4,5,0,0>, | | <7,24,0,0>)

<4,4,0,0>, | | <5,6,0,0>) <8,5,0,0>)

<5,2,0,0>,

<8,2,0,0>)

tuList

‘m(mﬂzs‘ tu(ty) : 23 ‘ tu(ty) : 12 ‘ tu(ty) : 9 ‘ tu(ts) : 28 ‘ tu(te) : 80 ‘ tu(ty) : 49 ‘ tu(ty) : 15 ‘

AN 3-5 SrudeyansunnIuwenduluguteys

ﬁf?umawiai‘d‘vi’ﬁﬂWimaaaaumﬂizmm@mﬂiﬂwﬁ%qLLm'amwms A% avinnns
fRITUNTIENITWAALIIENINUEITU a < b < c < d < e < f < ¢ < h Budufinnsan
$79M5 ‘0’ udWMIRTIN TWU(G) = 387 usiseiiledann TWU(@) unnninAdinuys
Aaseloviffldivun Soihnadeunisinnsaunludasenis b’ wdwinisiansan
TWU(b) = 363 usisnenileaann TWU(b) snnniddautanausslevifigldimun 3eihnms

LADUNITNATANIUEI518NT ‘© WAYINISRRNTAUN TWU(C) = 103 wesmeiiiasann TWU(C)
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unnhedauisgalsgloninglidimue vhnsdounsiiansanludssents ‘o’ udnh
N5MAITUN TWU(D) = 351 udidaoiilosann TWUE) snninadiauusn o selovddigly
fvun Fehnmsideunsiansanluiisens ‘e’ udwhnsiiansan TWie) = 38 Adsilen
tfouninAdautsnusylovifigldivun azviinisausonis ‘e’ eanainnisfiansan us
feufiazausens ‘e’ azvinisaameurguUszlovillunsuuenduiill ‘e’ Using lnevh
Msfinsusazandnly NULE = {<2, 8 0, 0>, {<8, 8 0, 0>} Feazuanlsinigenis ‘e’
Usinglunsiuueadui ¢, uay t, uagvinn1sannouan tulist(t,) §8a ule,t,) naafe
tuList (t,) = tuList (t,) — ule,t,) = 23 - 8 = 15 wae tulist (t;) fue ule,ty) NaMIAe tulist
(tg) = tuList (tg) — ulety) = 13 - 8 = 7 UARWINTaUTBYATBITILNIT ‘€’ ﬁgﬂi’]’mﬁuagﬁlu
Tvungnues R W8 HUI-tree aannvisn i aznsiiansanld (fauanslunini 3-6)

PNUWIINIRIITUNTINTAR UL UMETTNTWUUREITUANATUYNS 18NS

@© 0oL ®wuww

0,0,387,3 0,0,363,3 0,0,103,4 0,0,351,4 0,(15’)8.6 0,0,372,6 0,0,47,4 0,0,72,5

(<1400, | [(<1.9,00>, | [(<2.4,0.0>, | [<1,260.0,0>,] [<2.8.00>, | [<1,50,0,0>, | [(<2.5.0.0>, | [(<2.6,0.0>,
<3.600>, | | <3600>, | | <6:800,05 | | <5,20,0,05 880,05 | | <7.25,00>) | <4500, || <7,24,0,0>
<4400, | | <5,6,0,0) o T <8,5,0,0>)
<5,2,0,0>, i s
<8,2,0,0)

tuList %B-8=15 15.8=7
tu(t,) : 323 ‘ tu(t,) :){ ‘ tu(ty) : 12 ‘ tu(ty) : 9 ‘ tu(t,) : 28 ‘ tu(ty) : 80 ‘ tu(t,) : 49 ‘ tu(ty) :}E{ ‘

AN 3-6 ARNITAINTANTIENTT ‘e’ 18 TWU Ll urninuusnnlseloy

n¥snvhmsfinsanausenisfifissnauansslondii dunoudeluazdy
nsiwnARuUsEleniduviolunsarauniinly NUL sadwvihnsaunumaulsylevd
dumde uazAnuUsElovifiuvinsesusiarens Tnelduduaininisaing temptulist
Iflvwawiiudnnunsukendulugiuteys wasdmualiudazaunnlu temptulist() &
Ayt tuList() ndurinisiasanudasensiidulnuagnuesivue R Tu HUI-tree
Tnevin1siiansansenIsaudidiua < b < ¢ < d < £ < ¢ < h Inglunisfinnsanazisy
finnsansenis ‘a” WWusienisusn anduwhmsinnsanusazandnlu NULC = (<1, 4, 0,
0>, <3,6,0, 0>, <4,4, 0, 0>, <5,2,0, 0>, <8, 2,0, 0>} \agaunindusuusnves NUL® fig
<1, 4, 0, 0> ¥n158nanAn aUselevuns1usendu temptulist(t,) = temptulist(t,) -

ula,ty) = 323 - 4 = 319 Wileiaensuisanulsslosiveynsenisiiegluddudaluain
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578715 ‘a” Tunsusndu t, Farn temptuList(t,) NINNTIMARTINeTaAIAUELEYY
dvdevessiens ‘o’ lunsuwendu ¢, Faidu rulat,) = 319 Tnewdlensiuisedanan
wdnantoyalu tuple-3 lu <1, 4, 319, 0> wagdwanAAUselewl u@) = u) + ula t,)
= 0 + 4 = 4 naauselevldnmde rula) = ru(a) + ru(a,t,) = 0 + 319 = 319 LN
farsanaundnasuialilu NULY fie <3, 6, 0, 0> insdmanmamuUsElesunsulsndu
temptulist(t;) = temptulist(ts) - u(a,t;) = 12 - 6 = 6 naRNMTENARABANAMUTELEY
drumdoressiens ‘o’ lunsuuendu ¢, Fuidu rua.t,) = 6 lagidlonsuiadanan
wdmandayaty tuple-3 Tu <3, 6, 6, 0> wagdnanrAnUsElewd u(a) = ula) + ulat;) =
4+ 6 = 10 AAUsglenidiuvie ru(a) = ru() + rulats) = 319 + 6 = 325 MUAIGIU LAz
IN15MAnnNNaauTnlu NUL? 9uAsU 9a991nnseweaniasaisasgle NULO={<1, 4, 319,
0>, <3, 6, 6,05, <4, 4, 5, 0>, <5, 2, 26, 0>, <8, 2, 5, 0>} uazAnalselew ula) = 18 A
aselomidumde ru() = 361 vheaavhmmsaaeumaUsylon ula) = 18 gl
tfouninAdautsnusylovifigldivun uazArauaiase ra) = 3 TAdouniiAdn
wseuasiiavedigldmun fadusenis ‘o’ SdliiBusenisidaamlssloniguay
Usingegsliainiane ndanfinnsansens ‘a” adaudr ashinisinnsansens ‘o
‘C,d’, F, ‘g uay b’ seiBnsteiu (Feiuandlunind 3-7 sremsfislenanselovige

wazusingegliaianossilnuniuditen)

Lc Ld L f g
18,356,387,3 21,330,363,3 84,11,103,4 280,50,351,4  75,24.372,6 15,6,47,4 30,0,72,5
(<143190>, | [<1,93100>,] [(<2411,0>, [(<1.260500>] [(<1,50,0,0>, | [<2,56.0>, | [(<2:6,0,0>,
<3,6,6,0>, <3,6,0,0>, 680,005 | <5:2000>)| |<7.2524.05) | <4,500>) |<7.24,0,0>)
<4,4,5,0>, <5,6,20,05) <8.5,0,0>

<5,2,26,0>,
<8,2,0,0>)

A 3-7 viaanaudeyaynnsruuenduluguteya

n&ndunounserugudeuaiaiaisagld Hulktree fussaludae 1 91en1s
fupousoluandumsdumiensemsiiiaanssloniguazdnngessliaiianerion
A0 HUl-tree #7833 “HUIM-Mining” Taelud uusn 2515 uM1ans1en157 167
astlomiganazsngesndliainaveiivsznoulufe 2 119ms 1FNnfinnsansienis
‘0’ iF9ynIsTINgIEns ‘@’ Watusenis ‘b’ ‘e’ '’ f, el uag ‘hY usiogslsiniu

NBUTI ALVIINTITTINIIOANT ‘@’ L[IIAUIIUAITI U LT19EADIVIINITATIAE@DUAIUTEN U
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aszlomiluunszdu tou(a) MdalidesniAdaudsnaussloviagldsmuavdelsl
tou(a) fianlutesniAdautnauslovingldivun agviinssmsens ‘a’ Wy
$eM39u TaeEuansusens ‘o’ Whiusens ‘b’ Wileadunsiiansanensiens ‘ab’
mmfm/i’wmiﬁumas‘mﬂﬁﬁu NUL® = {<1, 4, 319, 0>, <3, 6, 6, 0>, <4, 4, 5, 0>, <5, 2, 26,
0>, <8, 2, 5, 0>} wag NUL = {<1, 9, 310, 0>, <3, 6, 0, 0>, <5, 6, 20, 0>} \iwneiu (v
W $99M13 ‘a’ way ‘b \Aaswiilunsuuesndudl ¢, t, weg t,) Wilevhnsdafiudeyans
ﬂi?ﬂg“ﬁu ARalselevd ulab) = (ula,t,) + ulb,t,) + (u(a,t;) + ulbty) + (ula,ts) + ub,ts))
=4+ 9+ (6 + 6)+2 + 6) = 33 AnAnUTEle¥Ud UWMAD rulab) = rulbt,) + rub, t;) +
ru(b,ts) = 310 + 0 + 20 = 330 einUszanaunalselewid TWU(ab) = tulist(t,) + tulist(t;) +
tuList(ts) = 323 + 12 + 28 = 363 AnAUANLAND rlab) = max(fry, 11y, s, 1) =
max(1, 2, 2, 3) = 3 muAdy Tnsndinnistuneudumesiunduaadu iagld NUL® =
[<1, 13, 310, 4>, <3, 12, 0, 6>, <5, 8 20, 2>} (munoing Teyalududuil 4 luudazaundn
Y93 NUL® azdaiuainnlszlenivessionis ‘a’ 73370 prefix ¥3o parent item VoL
519013 ‘ab’ Wil evimsrwanlueuiam) antdurnismsandeuaU sz e syl

L3

TWU(ab) = 363 1dA1uinninandauwuanmuusgleid i linuanioly d1A1ussuin

=

Audselovl TWUEb) innina1daudsaniselesdfigldivun agvinisasiaensienis

Y

= 1

‘ab’ uazdmiu Arnalselerd Anuusslevddunie Aruszanunulselevd Aany
asiiaue uaz NUL Tlulnungnuessienis ‘o’ aantuinisasiaaeuainmlsylovd
u(ab) = 33 IdidlivesnitAdauisnausslenifgldmmuaniols wazaAranuaitane
r(ab) = 3 IflAnnniedauusanuasinauedgldmvuaniely dwiu 2 Feudrediu
HUIM azvihmsszyuazdaifiusens ‘ab’ idumssonsifisauussleniguazusng
ogslilaiavedazgninAuliluien HUI (vanews s18n15 ‘ab’ fidnulselov ulab)
tosniAdauisnnselonifiglitmun uazmeuasiaue rab) desniddautean
atanefglimun Fsliduensonisidainuussloviguazusngedisliaitane)
solynssmsens ‘o’ ihifumens‘c’ Weadsnsfiansaniensiens ‘ac’ waginis
BUWNBTLINTU NUL? = {<1,4, 319 0>, <3, 6, 6, 0>, <4, 4, 5, 0>, <5, 2, 26, 0>, <8, 2, 5,
0>} U NULS = <2, 4, 11, 0>, <6, 80, 0, 0>} usilugtudioyasionis ‘a” uar ‘c’ laAady
2wy ey TWUGac) = 0 91ntuazsin1ssins1ems ‘a’ Waiusens ‘d’, F, ‘o’ was
‘h’ MUAU MEIENITTIeRY

n¥srnvhmsTnsens ‘o’ Whifuynlvungnaues R 189 HUI-tree Havin 13713

lelwungnuessienis ‘a’ Nussglumeigasianisnisenauluaieg 2 s18n15 waziduien
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518115 ‘@’ WuUsIeNIIIUAY NTUINITINTINTVNURINETUTRI5 185N ALAU AT
TAUARNTDY R IUATUNIMUAGIEITN15T9A Y 131988 HUIHtree N1Us39lUAIY 2 518013

PIAUA (HILFAIIUNINA 3-8)

‘a\\b/‘ { ad i af i bd Lof e/d i fh
33,330,363.3  286,50,35L4  54,0,3237 295503514 5003237  310,0,323,7 49,0,49,7
(<1,13,310,4>] [(<1,264,50,4> ] [(<1,54,0,4>) | [(<1,269,50,9> ‘(<1.59.U‘9>) ‘ ‘(<1.310‘0,260>)‘ ‘(<7.49,0.25>)‘
<3,12,06>, || <5,22,0,2>) <5,26,0,6>)

<5,8,20,2>)

AW 3-8 HUIk-tree 710559 2-HUIls

n&aanld HUIl-tree ussglude 2 sremsvionun azdndunislutuseugarine
“MiningAll” GafiRonisadraensensidenulssleviguarusngedislialianed
Usznaulufe 3 19113 wagannnt 3 918m1s lngisuaniinisiansansensmud iy
‘a’, ‘b’ ¢, d’, f, ‘e’ uag ‘h’ ﬁﬁimﬂqﬂmmdw 1 309NR5518N5 ‘@’ Fe318ms
‘o’ flnungniianun 3 518013 fo ‘ab’, ‘ad’ uay ‘af wagRiansaNTIENIs ‘ab’ ideasih
NIITILATIBAT ‘ab’ LWIAUATI8NIT ‘ad’ kag ‘af wiagalsfmuneuiiagyinissau
WNI18NIT ‘ab’ Lﬁﬁﬁmﬁamwmiﬁlm 1519EABIINIATIRER VAU STINUAMUSEER LU
N3z tou(ab) = 360 IAannniddaudaigldsmuaviels dAnsziuauUselov
LuUNIEdu tou(ab) innnAndauisanseloviigldimun aginmssueasens ‘ab’
hduasensdu Taelsuansmensients ‘ab’ Whduieasens ‘ad’ fegavudaly
9IN519MT ‘ab’ LileaiansiaIsanensIens ‘abd’ usneuflazvinnsdumesian NUL®
wag NUL L1978 U 8N15A59988UI8N15ATIEY0UIATIENTT ‘ab’ WarsIeNIs
AnTNEYBENTI8NS ‘ad’ NF9518NTARTNETBERTIINS ‘ab’ A3I8NN5 ‘b’ UATIIENNS
4AvN8YDULNTIENTT ‘ad’ ABTIENIS ‘d’ dieadunsRonsanenens ‘bd’ Nt
nyRaeuliuavranensIents ‘bd” tnulassadaauld HUltree agyiliaiunsansiaaey
dunsveslnuansens ‘bd’ (vanewe Sliflvuavesensients ‘bd’ figaaznanlid
1wn518015 ‘abd’ 1 uens1ensAdanaselevinn) iesandlnunveasnsionts ‘bd’
Tulassa$reiulsl HUItree IhmsnisBumesiendu NUL® = (<1, 13, 310, 4>, <3, 12, 0,
6>, <5, 8, 20, 2>} uay NUL®= {<1, 264, 50, 4>, <5, 22, 0, 2>} \U1918U (V1818 199

518015 ‘ab’ way ‘ad’ Linsudulunsuwendud t, wag t,) Weviin1sdaiudeyanis
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ﬂi?ﬂg“ﬁu ARaUsElevid ulabd) = (ulab,t,) + uladt,) - up (ab,t,) + (ulab,ts) + uladts)
-uplab,t) = (13 + 264) - 4 + (8 + 22) - 2 = 301 A auUselevid1uini o rulabd) =
ru(ad,t,) + rulad,t;) = 50 + 0 = 50 AUszu A uUsEleyyd TWU(abd) = tulist(t,) +
tuList(ts) = 321 + 28 = 351 ArAIWANNEND rabd) = max(fr™, ', 5°°) = max(1, 4,
3) = 4 lngndsnnissunoudumedienduaadiu 1agld NUL® = (<1, 273, 50, 13>,
<5, 28, 0, 8>} NI RAeUAYsEIMAsElew] TWUabd) = 351 Milesnnindn
Iouvsnanssloniiigldsmunniels e TWU(abd) snnniddautsnaselovagly
fmun azvinsaaemsens ‘abd’ wazdniuAmausslend Aaalselovidmiivie
Aaruasiiae AuszanuanUsglend uay NUL Vlulnusgnuessents ‘ab’ 9ty

=

innsnsivaeuAInUsElev uabd) = 301 1dAlideunitAUauynuUsEleyungly

Avueamielal wazAauaiase rabd) = 4 IdiAmnnniiddaudseuasiauevielsl
dINu 2 1Teutnedu HUIM azvim1sszyuazdniusenis ‘abd’ 3ndugunuudidien
Aaszloviganasysingegnsliainauenasdniuliluen HUI (Munews) 518015 ‘abd” 1
AU szlony ulabd) inniadaudsnulselevfilldinun uagaanuaitae
r(abd) snnnAndauismuainanefiffldimun Jadueasensidmauussloniguay
Usingedliainaneuazdaiuliluen HUN deluvinnssaensens ‘ab’ Wrduie
semsfiegludduinluanensients ‘ad’ Metsnsthediu (Fauandunwd 3-9)
NF9INIINITTINTIONNT ‘ab’ LUNNINUAgNUeeTIenNIs ‘a’ famun 1319zl
Tvungnuessenis ‘ab’ fussgluieensonisiusznouluse 3 919m1s uazidulen
M3 ‘ab” Wumenstudu mnduagihnsusmshauiioniensensiivszneuly
fe 4 $18m15 Iegnsandunisazdududuideniunsiiansaniensionisiainnit 2
18015 “MiningAll” \il o umowu “HUIM-Mining” va% 98 1 131918 . ams18n137 11 A7

Aalselerigaarysingegdlialnaueionuniidadulluses HUI Gauansluning 3-10)



{ abd }
N

301,50,351,4

660:0
@ @ @ @

63,0,323,7

(<1,273,50,13>,
<5,28,0,8>)

(<1,63,0,13>)

AT 3-9 HUI-tree 710559 3-HUI

itemsets Utility & regularity

c 84, 4
280, 4
f 75, 6
ad 286, 4
af 54, 7
bd 295, 4
bf 59, 7
df 310, 7
th 49,7
abd 301, 4
abf 63, 7
adf 314, 7
bdf 319, 7
abdf 323, 7

AN 3-10 wasien1sisieauUselerigauasusingeenliadnateantuneu HUIM

33
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UNN 4

NaN1INAaB

Tuunfiaziauenisnaaeuyseansnmnisaunsusuuniianulsyleviaauay

Y

£
a v aAa

ﬂimgaemlziaﬁ%amamﬂ%umau%% HUIM Wi sannuadnifiinnisiiansanluauiseis
ALLANA1ITURAFNS 7 158 191093 T8 ug n1sadunisvaaeedaiins
Wisuiteuiuisnisitlndidesfoduneuds MHUR-NUL idudanesiiudmsunisAum
sUnuuiisimaasslominagUsngesasiane

Tunsimsnaaesdidelamnuncdauidvianulndidesivnuideningites
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Abstract—High-utility itemsets mining (HUIM) is proposed to
discover itemsets giving high utilities (such as high profit, low
cost/risk and other factors). This can help to extract hidden-
knowledge from buying behavior of customers. However, HUIM
may not sufficiently give hidden-knowledge and observe occur-
rence behavior of itemsets in some applications, since it only
considers utilities of items/itemsets. Thus, we propose to mine high
utility itemsets with irregular occurrence (also called High Utility-
Irregular Itemsets, HUIIs). HUIIs can help to gain knowledge
about ‘“products giving high profits even if customers do not
regularly purchase them together” and to improve marketing
strategies and sale profit. To mine HUIIs, an efficient single-pass
algorithm based on the use of new modified utility-list structure,
called HUIIM (HUIIs-Miner), is designed. Experiments on real
and synthetic datasets were done to investigate computational
time and memory consumption of HUIIM.

Keywords—data mining; association rules; high uitlity mining;
regularfirregular itemsets; irrgular occurrence

I. INTRODUCTION

Association rule mining (ARM) and frequent itemsets
mining (FIM) are fundamental concepts in data mining and
widely applied in several applications. For example, finding
set of frequent-sold products in retails can help to create
new promotions, advertisement, manage layout of shelfs and
warehouse, etc. Moreover, ARM and FIM can be applied in
medical analysis, weblog analysis, mobile commerce, elderly
habit monitoring, and so on. However, traditional FIM only
considers occurrence of an item in a transaction in binary man-
ner (i.e. consider only whether an item occurs in a transaction
or not) and it does not consider importance of items which
can be different in specific applications that desire to discover
interesting itemsets based on these factors.

To address above issues, Chan et al. [1] proposed to
discover interesting itemsets based on considering of unit
utility of each item (e.g. profit, cost, risk, and other user-
defined factors) and the number of occurrences of each item
occurring in a transaction. Then, the problem of high utility
itemsets mining (HUIM) is introduced. HUIM can tell about
“products that give high utility value based on observation
of their unit-utilities and amounts of occurrence”. To mine
HUISs, there is a main challenge that is downward closure
property [2] cannot be held (i.e. an itemset X may have utility
lower or higher than its superset Y (where ¥ = X U Z and
Vi € Zli, ¢ X). Thus, if X has low utility value, we then
cannot disregard X and its supersets from our consideration
due to we cannot guarantee that its supersets will have low
utility value or not. This causes overwhelm of itemsets to
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be considered. To alleviate this problem, two techniques used
for estimating utility value (in upper bound manner) of each
item/itemset, called transaction weighted utility (TWU) [3]
and tight-overestimated utility [4] are thus proposed. These,
technique can help to keep downward closure property in
which if X has low estimated utility value, all of X’s supersets
cannot have high utility value. Thus, X and its supersets can
be disregarded from the computation based on estimated utility
value of X. From these two techniques, there are approaches
for improving performance of HUIM such as UP-Growth and
UP-growth+ [5], FHM [6], EFIM [7], d?HUP [8], etc.

Recently, there are efforts to discover high utility itemsets
with occurrence behaviors investigation. Then, the problem
of high utility-regular (periodic) itemsets mining was thus
proposed in [9], [10], [11] to mine high utility itemset
with regular (periodic) occurrence. However, these approaches
consider only regular occurrence behavior which may not
sufficient in some applications. Thus, in this paper, we propose
to discover a different kind of itemsets under consideration of
their utility values and occurrence behavior (in the term of
irregular of occurrence). Then, the task of mining high utility
itemsets with irregular itemsets (called High Utility-Irregular
Itemsets, HUIISs) is introduced. With HUIIs, it can help to know
about “sets of products that give high profit even if customers
do not regularly purchase them together” and to improve
marketing strategy and management for increasing sale amount
and profit. For example, “LCD TV and smart digital box” can
give high profit even if there are only few customers buy them
together. This can help to know behavior of customers and help
to manage warehouse in order to avoid depreciation of these
product. To mine HUIIs, an efficient single-pass algorithm
based on the use of new modified utility-list structure, called
HUIIM (HUlIs-Miner), is designed. Experimental study on
real and synthetic datasets were done and show efficiency of
the proposed HUIIM in the terms of computational time and
memory consumption.

II.

Let I = {iy,i2,...,1,} be a set of items. Each item i; € T
has its own unit utility expressing profit, cost, risk and other
user-defined factors, called external utility (denoted as eu(i;)).
Aset X = {ij,...,1;} C Iis called a k-itemset, if X contains
k items. A transactional database D = {t1,t2,...,t,,} con-
tains a set of m transactions in which each transaction ¢, € D
has (i) a unique transaction identifier p (called tid in short)
and (ii) a set of items Y C I. Each i; € Y is associated with
a positive integer expressing quantity of its own occurrence in
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tp, called internal utility (denoted as u(i;, t,)). For an itemset
X,if X CY of t,, it can be said that ¢, contains X or X
occurs in transaction ¢, denoted as pX . From the occurrence
of X, the set TX = {pX,...,¢X} is the ordered set w.r.t. tids
of transactions that contain X.

TABLE I: External utility of items.
[ item [a] b [ c[ d] e f]
[ externalutility | 2 | 3 [ 4 [ 20 [ 2] 25|

g [ h |
513

TABLE II: A transaction database.
tid items(internal utility)
1 a(2), b(3), d(13), (2)
to c(2), e(3), h(4)

ts a(3), b(2)

tq a(3), f(1), g(1)

ts a(l), b(2), d(1),

o c(20)

tr £(1), g(2), h(8)

ts a(l), b(1), (1), g(1)
A. Utility of an item/itemset

Definition 1: The utility value of an item i; in a transaction
t, is the m‘ultiplication of unit' utility qnd_ quantity of ij’s
occurrence in t,, denoted as u(i;,t,) = iu(ij, t,) x eu(i;).

Definition 2: The utility value of an itemset X =
{ij,... ik} in a transaction t, is the summation of all utility
value of all items in X occurring in transaction t,, denoted

as u(X,tp) = 32, cxeq, €ulij) X iu(ij, tp).

Definition 3: The utility value of an itemset X in a
database D is the summation of utility of X occurring in
transactions of D, denoted as u(X) = ZXet,,eD u(X,tp).

Definition 4: The transaction utility of a transaction t,
is the summation of utility values of all items occuring in
transaction ty, denoted as tu(ty) =3 ,; o, u(ij,tp)

Definition 5: The transaction-weighted utility of an itemset
X in a database D is the summation of utility of transactions
in D containing X, defined as TWU(X) = 3_, , . ptu(ly).

Property 1: Asin [3], if TWU(X) is less than a give utility
threshold (o), all superset of X are not high utility.

Definition 6: Let < be the order of all items € I. The
remaining utility of an itemset X in a transaction t,, is the
summation of utility values of all items ordered after X,

defined as ru(X,t,) = Zijetp,X<ij u(ij, tp).

Definition 7: The remaining utility of an itemset X in
database D is the summation of all remaining utility value
of X in all transactions containing X, defined as ru(X) =

ZXetpeD ru(X, tp).

Definition 8: The tight over-estimated utility of an itemset
X in database D is the summation between the utility (actual)
and the remaining utility of X in database D, defined as
tou(X) = u(X) + ru(X).

Property 2: As in [4], if tou(X) is less than a give utility
threshold (o), all itemsets with X.Y (the extension of X with
other itemsets ordered after X ) are not high utility.

B. Regularity of an item/itemset

Definition 9: The regularity of an itemset X before its
first occurrence in a transaction t, is the gap of absence of
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X between the first transaction t1 in database and the first
occurrence of X in transaction t,, defined as fr(X,t,) = p.

Definition 10: The regularity of an itemset X between two
consecutive occurrence of X in transactions t, and t, (where
p < q) is the gap of occurrence of X between t, and t,,
defined as r(X,t,,t,) = q—p.

Definition 11: The regularity of an itemset X after its last
occurrence in a transaction t, is the gap of absence from
the last occurrence of X in t, to the last transaction t,, of
database, defined as Ir(X,t,) =m — z.

Definition 12: The regularity of an itemset X in a
database D is the maximal gap of absence based on

its own occurrence in database D, defined as r(X) =
maz(fr(X,tp),r(X, tp, tg), ..., 7(X, by, t.), Ir(X, t.)).

Definition 13: An itemset X is called a regular-itemset, if
its regularity (r(X)) is no greater than a user-given regularity
threshold (o, ). Otherwise, it is called an irregular itemset.

Definition 14: An itemset X is called a high utility-
irregular itemset, if i) its utility value (u(X)) is no less than a
user-specified utility threshold (o) and ii) its regularity (r(X))
is greater than a user-given regularity threshold (o).

Problem statement. Given a transactional database D with
external utilities of items, a regularity threshold (o,) and a
utility threshold (o). The problem of mining high utility-
irregular itemsets to discover a complete set of high utility-
irregular itemsets having utilities no less than a user-specified
utility threshold, and regularities greater than a user-given
regularity threshold, respectively.

III. PROPOSED METHOD : HUIIM

In this section, we here present an efficient single-pass
algorithm named HUIIM for mining high utility-irregular
itemsets. HUIIM scan database once to capture essential
information of each item occurring in each transaction (i.e.
transaction-id and utility value). A new modified utility list
structure (NUL) [11] is utilized to efficiently maintain es-
sential information and compute utility and regularity of an
item/itemset. The concepts of transaction weighted utility
(TWU) [3], remaining utility [4], tight overestimated utility [4],
and analysis of item co-occurrences technique [6] are applied
to efficiently prune search space. HUIIM consists of two main
steps: i) HUIIM-ScanningDatabase—scanning of database to
create a list of single item and collect transaction-ids (also
simultaneously with utility value) containing each item, and
ii) HUIIM-MiningHUIIs—mining complete set of high utility-
irregular itemsets from informations collected in the first step.

A. New-modified Utility List Structure

A new-modified utility list structure (NUL) [11] is an
extension of utility list structure [4] used for maintain-
ing occurrence information (simultaneously with utility val-
ues) of each item/itemset. For an itemset X, its NUL can
be represented as an ordered set of 4-tuples, denoted as
NULX = {ey,ea,...,e5} where each entry e; = (p,u(X,
tp), ru(X,t,),up(X,t,)) contains i) the transaction id of
transaction ¢,, containing X, ii) utility of X in transaction t,,
iii) remaining utility of items ordered after X in ¢,, and iv)
utility of prefix items of X in t,, (Notice: if X = {i,, ..., g, i},



the prefix of X in this context is all items in X except the last
item 1¢,.), respectively.

Example 1: From external utilities in Table I and the
transactional database in Table II, item ‘a’ occurs in trans-
actions t1,t3,t4,t5 and tg, respectively. Then, NUL® of ‘a’
will have 5 entries as its number occurrence in database
ie. {< 1,4,319,0 >, < 3,6,6,0 >, < 4,6,30,0 >,< 5,
2,26,0 >,< 8,2,33,0 >}. The first entry < 1,4,319,0 >
collects information of the first occurrence of ‘a’ in transaction
t1 which contains 4 elements i.e. 1 is tid of transaction t;
containing ‘a’, 4 is utility of ‘a’ in ¢1, 319 is remaining utility
of ‘a’ in t1, and O is utility of prefix items of ‘a’ in t; (for
now, ‘a’ is single item and does not have any prefix items),
respectively.

B. HUIIM-ScanningDatabase

As detailed in Algo. 1, HUIIM creates a simple-list called
tulist for maintaining transaction utility of all transactions
in database. With tuList, HUIIM can avoid repeatedly scan
of database which causes HUIIM scans database once. A
tree structure, called HUII-tree, is initial with child nodes of
single items. Each child node is used for maintaining a single
item with their essential information (i.e. its utility, remaining
utility, transaction weighted utility, regularity, and NUL).

Next, each transaction ¢, of database is sequentially
scanned to compute and collect transaction utility tu(t,) into
tuList. Then, each item 4; occurring in transaction t, is
considered and then its regularity 7; is calculated and updated.
The utility of 7; in transaction ¢, is computed and a new entry

= (p,u(ij,tp),0,0) is inserted to NUL" . Last, twu' of i is
updated by tu( ), respectively.

After scanning all transactions in database, each item
i; € I having twu’ less than the user-given utility threshold
is eliminated from HUII-tree and our consideration (Notice :
this item and all of its supersets cannot give high utility [3]).
To remove each item i;, each entry e = (p,u(ij,t,),0,0)
in NUL" is considered and the transaction utility of tu(t,)
(corresponding to tid p of the entry e) is decreased by u(j, t,).
This process can help to minimize transaction-weighted utility
of other items occurring in the same transaction with item ;.

After pruning low utility items as above, the remaining
utility of each item 7; in each transaction ¢, containing ¢ is
then calculate and updated in each entry of NUL“ The total
remaining and actual utilities are then calculated. Last, each
item 4; in the HUII-tree is identified and collect as a HUII
if its regularity is greater than the regularity threshold and its
utility is no less than the utility threshold, respectively.

Example 2: Based on the setting of regularity and utility
thresholds to be 3 and 40 (i.e. 0,, = 3 and o,, = 40), the task
of mining all HUIIs from database of Table I and II is to find
all itemsets having utility at least 40 and usually occur at least
once in every three consecutive transactions.

Initially, tuList and HUII-tree with nodes of single items
are created and initialized. Next, each transaction in database
is sequentially scanned. For example, for the transaction ¢; =
{a(2),b(3),d(13), f(2)}, its transaction utility tu(t1) is com-
puted by tu(t;) = (2x2)+(3x3)+(13x20)+(2x25) = 323
and then collected in fuList. In addition, transaction weighted
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utilities and NULs of items a,b,d, f and g are updated and
their regularities set is to be 1 (as shown in Fig. 1(a) the
information contained in each node is ordered as i) utility,
ii) remaining utility, iii) TWU, iv) regularity and v) NUL,
respectively). Next, the transaction to = {c(2),e(3),h(4)}
is scanned which leads to updating on entries of items c,e
and [ and tu(tz) = 26 (as in Fig. 1(b)). The transactions
ts—tg are also scanned in order to update tuList and HUII-tree.
After scanning all transactions, the entry of item ‘e’ (with
TWU(e) = 26 which is less than the utility threshold o,,) is
thus eliminated from HUII-tree, since item ‘e’ and all of its
superset cannot give high utility value. As shown in Fig. 1(c),
utility and remaining utility of each item in HUII-tree are
calculated for further consideration of longer itemsets. Last,
the item is thus identify as a HUIL, if its utility is no less than
o, and its regularity is greater than o, (it is labeled as green).

0,0,323,1
<1,4,0,0> 0,0,323,1
<1,9,0,0>

t:0 |

0,0,0,0
0,0,323,1
<1,260,0,0>

0,0,323,1
<1,50,0,0>
tuList

| t: 323 |

t,:0 | t,:0 | t5:0 | te:0 | 0 | tg:0 |

(a) Scanning of t1

0,0,323,1 0,0,0,0
<1,4,0,0>0,0,323,1 <2 8 00> 0,0,323,1 <2 ( 00> 0,0,323,1 - 0,0,26,2

<1,9.0,0> <1,260,0,0> <1,50,0,0> <2,12,0,0>
tuList

|hr323| ty:26 | ty: 0 | 10 | t5:0 | t6: 0 | t:0 | ts: 0 |

(b) Scanning of t2

20,414,434,3 88,18,106,4 20,24,130,4
<1;(3é900> 24,360,398,2 <28.18.0> 980 50,351, 4<”612 0>1z ,44,453,3 <4000> 36,0,85,5
<40‘500 <1,9,310,0> <1,260,50,0> E <2,12,0,0>
< > <36,0.0> <5,20,0,0> > <85.00> 79400
<52.260> - 56.90,0> ;
<8.233.0>  8330,0> <8.25.5.0>
tuList
| t, 1323 | t,: 26 | ty: 12 | t,: 36 | t: 28 | t: 80 | tr 1 59 | te: 35 |

(¢) After Scanning all transaction

Fig. 1: HUIIM-ScanningDatabase : tulist and HUII-tree

C. HUIIM-MiningHUIIs

From the HUIIM-ScanningDatabase, HUII-tree contains
single items in which their transaction-weighted utilities (rwu)
are not less than a user-given utility threshold. Then, in
HUIIM-MiningHUIIs, pairs of items/itemsets in HUII-tree are
recursively considered to mine a complete set of HUIIs. A
breadth-first search strategy is applied to firstly generate all
2-itemsets. These itemsets can use for pruning search space,
i.e. if X is a 2-itemset with twu(X) < o, then all supersets of
X cannot have high utility and they can be eliminated from
consideration. To generate each 2-itemset, each item ¢ in HUII-
tree having tight-overestimate utility tou(7) not less than utility
threshold is considered (based on property 2) and then merged
with another item j in HUII-tree. Then, NUL" and NUL’ are
intersected to collected NULY and to calculate wu(if), twu(ij),



Algorithm 1 HUIIM-ScanningDatabase
Input: D : Transactional database, o, : a utility threshold,
o, : aregularity threshold
Output: HUIl-tree , HUIIs contains single HUIIs
: create tuList to hold transaction-utility of all transactions
2: initial root of HUII-tree and create child nodes in which each child node is
for a single item € I
. initial HUIIs to be empty
: for each trasaction ¢, in D do
compute tu(t,) < Zzet,, u(i, t,) and collect tu(t,) at tail of tuList
6. for each item i in transaction t, do

oo ow

7 compute 7(i) = max(r(i), p—q) where g is the tid of the last occurrence
of i (g is collected in the last entry in NUL")

8: compute u(i, t,) < eu(i) x iu(i, t,) and collect an entry (p,u(i,t,),0,0)
at tail of NUL"

9: update twu(i) < twu(i) + tu(t,)

: for each child node of root with item i do
11: if twu(i) < o, then
for each entry e = (p,u(i,t,).0,0) in NUL" do
update tu(t,) < tu(t,) — u(i,t,)
remove entry of item ¢ out of siList
. for each child node of root with item i do
for each entry e = (p,u(i,t,),0,0) in NUL' do
update tu(t,) < tu(t,) — u(i,t,)
set ru(i, t,) < tu(t,) and update entry e = (p, u(i, t,), ru(i, t,),0)
update (i) ¢ u(i) + u(i, t,) and ru(i) < ru(i) + ru(i, t,)
. if u(i) > 0, and r* < o, then
21:  HUIIs = HUIIs Ui

ru(if), tou(ij) and r(ij), respectively. If twu(ij) is greater than
the utility threshold, HUIIM identifies itemset ij as a candidate
itemset. Then, its entry is created with its information and
assigned to be a child node of item ¢ (Notice it can said that
itemset ij has item ¢ as a prefix itemset). Last, if the utility
u(ij) is not less than the utility threshold and the regularity
r(ij) is greater than the regularity threshold, itemset ij is then
identified as HUII and collected in HUIIs. After generating all
2-itemsets, HUIIM-MiningHUIIs continues to generate longer
itemsets with size 3 or more by recursively regarding pairs of
itemsets contained in HUII-tree.

To mine long itemsets (with size 3 or more), each 2-
itemset X = {i;,...,4} in HUII-Tree is considered. If X has
tight overestimated utility (tou(X)) not less than the utility
threshold, it then merge with another itemset Y = {i;,i;}
having the same prefix as X (i.e. i,). However, before mering
these two itemsets, the last items from each itemset, i.e. 7y
from X and 4; from Y, are considered and merged together
to be ix¢;. Then, HUII-tree is traversed to find a path of i,
and twu(igi;). If there is no path of iyé; in the HUII-tree
(means that twu(igi;) < oy), it can say that i) ixi; and all
of its superset will have rwu less than the utility threshold,
and ii) X UY and all of its supersets are low-utility itemsets
which can disregard from mining process. Otherwise, X UY
is candidate itemset which may have high utility value. Then,
NULXY and NULYY are intersected to collected NULX' and
to calculate u(XY), twu(XY), ru(XY), tou(XY) and r(XY),
respectively. If twu(XY) is greater than the utility threshold,
XY is then identified as a candidate itemset and its entry is also
created with its information and assigned to be a child node
of item X. Last, if the utility «(XY) is not less than the utility
threshold and the regularity (XY) is greater than the regularity
threshold, itemset XY is then identified as HUII and collected in
HUIIs. The process of merging X is repeated until all itemsets
having the same prefix as X is considered. Then, HUIIM
then recursively mine longer itemsets under consideration of
X’s children. After consider considering X, HUIIM moves
consideration to another 2-itemset Y and process in the same
manner as X. At the end of HUIIM, HUIIs contains a complete
set of high utility-irregular itemsets.

Example 3: To mine n-HUIIs (where n > 2), HUIIM-
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MiningHUIIs firstly generates all of 2-HUIIs. To do this,
item ‘a’ is first considered and merged together with items
‘b’, ‘¢’, ‘d’, ‘f’, ‘g’ and ‘h’, respectively. For each merging
likes a merging of ‘a’ with ‘b’, NUL* = {< 1,4,319,0 >,
<3,6,6,0>,<4,6,30,0 >,<5,2,26,0 >,< 8,2,33,0 >}
and NUL® = {< 1,9,310,0 >, < 3,6,0,0 >, < 5,6,20,0 >,
< 8,3,30,0 >} are intersected together in order to compute
utility, remaining utility, tight over-estimated utility, transaction
weighted utility and regularity value of itemset ‘ab’ and to
collect NUL® for the further computation i.e. u(ab) = 13 +
124845 = 38, ru(ab) = 31040420430 = 360, tou(ab) =
38 + 360 = 398, TWU(ab) = 323 + 12 + 28 4+ 35 = 398,
r(ab) = 3, and NUL™ = {< 1,13,310,4 >, < 3,12,0,6 >,
<5,8,20,2 >, < 8,5,30,2 >}, respectively. Then, a node of
‘a,b’ is then created and linked to be a child node of ‘a’, since
its TWU is greater than o, (as shown in Fig. 2). Next, NUL®
is intersected with NUL® = {< 2,8,12,0 >, < 6,80,0,0 >}
in order to form itemset ‘a,c’. Unfortunately, items ‘a’ and ‘c’
never occur together in database. Then, its TWU (TWU(a, c¢) =
0) is less than o, and ‘a,c’ with all of its supersets are then
removed from consideration. The merging process is repeated
for item ‘a’ with items ‘d’, f*, ‘g’, ‘h’ and also items ‘b’, ‘c’,
‘d’, ‘d’ and ‘g’ with items ordered after them. At the end of
generating all 2-HUIIs, we gain HUII-tree as shown in Fig. 2.

38,360,398,3 18,0,71,4
<1,13,310,4> <4,11,0,6>
<3,12,0,6> 286,50,351,4 <8,7,0,2>
<5,8,20,2> <1,264,50,4>
<85,302> <5,22,0,2>

Fig. 2: HUII-tree containing 2-HUIIs

Next, 3(or more)-HUIIs are considered and generated. To
do that, item ‘a’ and the number of its children are considered.
Since, ‘a’ has four children (more than one), then each child
is sequentially merged with other children of ‘a’. For example,
itemset ‘a,b’ is merged with itemset ‘a,d’ to generate itemset
‘a,b,d’. However, before merging, a path of ‘b,d’ (the itemset
generated from considering on last item of ‘a,b’ and ‘a,d’)
in the HUII-tree is investigated. Since, there exists a path of
‘b,d’, then HUIIM-MiningHUIIs cannot identify and eliminate
itemset ‘a,b,d’ from consideration (based on downward closure
property [2], [6]). Thus, NUL® and NUL* are then intersect
to calculate u(abd) = 301, ru(abd) = 50, tou(abd) = 351,
twu(abd) = 351, r(abd) = 4 and to collect NUL**? = {< 1,
273,50,13 >,< 5,28,0,8 >, }. Since TWU(abd) > oy,
a node of ‘a,b,d’ is thus created and linked to be a child
node of ‘a,b’. The itemset ‘a,b,d’ is identified and collected
in HUIIs, dut to u(abd) and r(abd) are greater than o, and
o, respectively.

Next, itemset ‘a,b’ is thus merge with itemset ‘a,f” and then
‘a,g’ to generate 3-HUIIs with itemset ‘a,b’ as a prefix. Then,
the merging process is recursively performed, if itemset ‘a,b’
has more than one child. Moreover, this process also repeats
for child of item ‘b’ and ‘f’, since they have more than one
child. In the end, all HUIIs are contained in HUIIs.



Algorithm 2: HUIIM-Mining HUIIs
Input: HUII-tree, o, : a utility threshold, o, : a regularity threshold
Output: HUIIs contains a complete set of HUIIs
1: for each item 7 in HUII-tree do
2. if tou(i) > o, then
for item j in HUIl-tree (where i < j) do
NULY <0
IntersectNUL (NULY, NUL', NUL’)
calculate r(1), twu(ij) u(ij), ru(ij), up(ij) from NULY
calculate tou(#j) — u(#) + ru(ij) — up(ij)
if twu(ij) > o, then
9: create a node of itemset #j with ps(%), twu (i), u(ij), ru(i), up(ij)
and NULY and set node of 7j to be a child of item ¢
if u(ij) > o, and r(ij) > o, then
11: HUIIs «~ HUIIsU ij
12: for each item ¢ in HUII-tree do
if item ¢ has more than one child then
Mining AUHUIL( HUII-tree, node of i, o, o)

15: Procedure MiningAIIHUIIL(HUII-tree, node of X, o, 0,)
16: for child node of X with itemset ¥ do
if tou(Y) > o, then
ly < the last item in itemset Y
for child node of X with itemset Z do
17 + the last item in itemset Z
if there is a path of itemset ly,lz in HUIl-tree then
Intersect NUL (NULY?, NULY, NUL?)
calculate 7(YZ), twu( YZ) u(YZ), ru(YZ), up(YZ) from NULY%
calculate tou(YZ) < w(YZ) + ru(YZ) — up(YZ2)
if twu(ij) > o, then
create a node of itemset YZ with ps(YZ2), twu(YZ2), u(YZ),
ru(YZ), up(YZ) and NULYZ and set node of YZ to be a child
of itemset X
if u(YZ) > o, and r(YZ) > o, then
HUIIs <+ HUIIsU YZ
else
initial tuList with all entries to be 0
31: for each entry e = (p,u(YZ,t,),ru(YZ t,), up(YZ t,)) in
NULY? do
set tu(t,) < u(YZ,tp)
for each child node of X with itemset Q do
set twu(Q) + 0 and set ru(Q) + 0
for each entry e = (p, u(Q,tp), ru(Q.t,), up(Q.t,)) in
NUL® do
36: update ru(Q,t,) in the entry e,
ru(Q,tp) « ru(Q,t,) — tu(t,)
37: twu(Q) + twu(Q) + u(Q, tp) + ru(Q, t,) + up(Q, tp)
ru(@)  ru(Q) + ru(Q.t,)
update tou(Q) « u(Q) + ru(Q)

IV. EXPERIMENTAL STUDY

In this section, we performed experimental study on
HUIIM for mining HUIIs. From best of our knowledge, there
is no effort to mine high utility-irregular itemsets. We then only
make a comparative study between MHUII, MHUIRA-UL and
MHUIRA-NUL (for mining high utility-regular itemsets) and
HUI-Miner-reg (for mining high utility itemsets with consid-
ering regularity of occurrence) in order to show performance
of algorithms on two approaches.

As in Table III, four benchmark datasets from [12] are
considered. HUIIM is implemented in C and experiments
were performed run on a mac mini with OS X Sierra, CPU
speed at 2.4 GHz and 8 GB of memory. Two experiments
setting, i.e. i) fixing utility threshold on a variation of regularity
threshold and ii) fixing regularity threshold on a variation of
utility threshold, are designed to investigate computational time
and memory usage under variation of regularity and/or utility
thresholds. The utility and regularity thresholds are set in the
same manner as in [13], [14], [11] which ranging between
0.1 —1.0% and 1 — 10%, respectively.

TABLE III: Datasets characteristics

Dataset No. of  Avg. transactions ~ No. of
items size transactions
Chess 75 37 3,196
Foodmart2000 1,559 11 36,869
Mushroom 119 23 8,124
Retail 16,469 10.3 88,162
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The computational time of HUIIM on the variation of reg-
ularity (with a fixed utility threshold) are illustrated in Fig. 3.
With the variation of regularity threshold, we can observe
runtime slightly increases as the threshold increases. With high
regularity threshold, items/itemsets have more chance to meet
the threshold. Then, HUIIM have to take more time to consider
more items/itemsets. From Fig. 3, the running time of HUIIM
on Chess is quite stable and much less than other algorithms
for mining high utility-regular itemsets. It is because Chess
is a dense dataset and HUIIM can take advantage from
analysis of item co-occurrences technique (as in [6]) to early
prune low utility itemsets. Otherwise, the runtime of HUIIM
on Foodmart2000, Mushroom, and Retail dataset (which are
sparse datasets) are higher than other algorithms. The reason
is that on sparse datasets, items/itemsets usually have low
utility but have high TWU then there is a large amount of
itemsets having TWU satisfies the utility threshold and having
regularity higher than the regularity threshold.

Meanwhile, the variation of utility threshold (with a fixed
regularity threshold) causing the fluctuation on computational
time (see Fig. 4). With low utility threshold, there is a large
amount of candidate itemsets having transaction weighted
utility greater than the utility threshold. Then, HUIIM have
to take time to consider these candidate itemsets which caus-
ing high computational time. On the other hand, with high
utility threshold, candidate itemsets can be pruned since their
TWU and/or tou are not meet the utility theshold (Thanks to
downward closuse property from [3], [4]).

For memory usage, we also observe on the highest peak
memory usage during mining process. Similarly with the
computational time, the memory on variation of regularity
threshold is quite constant, but it is unstable on variation of
utility threshold (as shown in Fig. 5 and 6).

V. CONCLUSION

In this paper, we have introduced to discover itemsets
having high utility and irregular occurrence. This kind of
itemsets can let us know about “sets of products that give high
profit even if customers are not regularly purchase”. It also
can help to create marketing strategy, manage inventory and
so on. To mine these itemsets, an efficient single pass named
HUIIM 1is proposed. HUIIM applied concepts of transaction
weighted utility, remaining utility and tight overestimated
utility to early filter uninteresting itemsets. It also applied NUL
(New modified Utility List structure) to maintain occurrence
information simultaneously with utility value of each itemset.
An extensive experimental study was done on synthetic and
real dataset and shew that our proposed HUIIM is runtime and
memory efficient on mining high utility-irregular itemsets.
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