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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 (/) high utility values
and (i) irregular occurrence, called “high utility-irregular itemsets, HUIl”, are regarded
as interesting.

In this task, itemsets having high utility and irregular occurrence are identified
as interesting. To mine such itemsets, we have introduced an efficient algorithm named
“Mining High-Utility Itemsets with Irregular Occurrence, HUIIM” scans database once to
capture occurrence information and utility value of single items into the “new-
modified utility list structure, NUL”. The concept “transaction weighted utility, TWU”
and remaining utility and “tight over- estimated utility, tou” of an item/itemset are
utilized to prune search space. Moreover, a new pruning technique based on the above
concepts is designed and applied to HUIIM in order to identify low utility items leading
to quickly cutting down of search space (also called EHUIM “Efficient High Utility
Iltemset with Irregular occurrence Miner”). Experimental studies are conducted to
investigate performance of the proposed methods and the results show that with the
new pruning technique, HUIIM can effectively mine high utility itemsets with irregular

occurrence.
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nagmsiiieanInnsedunstoiudesiuslaaduthunfmayssnaunisresuismiiuiy
Liuazn1919unudnn1sduniainds d1gshafidudmsnasdesiuly Aonaussaulagmidud
vauaauliiiiesne (out of stock) gaydelontalunisuedudliuigndn Snieasdunns

¥
=]

iislonalunsnedudlviuuisveuds uareradesgadognanluiian uenaini s
Maneautuduingiviiddy msdidunuiinmsdauaznisefenafemyatsin dso1e
dswarenwdnuaivesgsivluewanld defu D3adunddvesiusznounislunisdnnis
dufasndsesmlieglusziuiimnzanlsiunuiotosauiuld msznisamulududiag
aderasldiiudiuauninuazileniad fnaAvagidonie 1wy eunsaididnvnsednd
wn3edldlwihazideuanmenvdmanssnuisaninadeuesgsiald lnonslinsginginssy
msuilanfiiiausvzmngiuyngsianiseidsensauiiivainvats uaziinisuedudn
seillos ety 53Maf1UEN g3Raas gsRaFIueIMns gsRaRafumesiiaed gsRafeaty
gunsalliin visassndudi §3iv1ense §3favteesinasadnseueudniesosus 5309
Aeatuemismgia sshaertuiangunsainsinuns gsafsatuiangunsalineatns g3na
Renfundnfausinsnuaziin ssfaffugunsaiinieadounazdsiinn ssfafetugunsal
renfiunesuazindwiiadeud gsfafeduaenliazndniusinisnisinuns 53
Rerfuiuined sstafsrtununssuuazgunsainensunme gsiafeafuinesUszdu §3ne
demeuaziadesusinie genafeafuiuledingg gsfa/ednsmensuwnd uazduq
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Bululd gaunsfenuazain Audrunusliidende ggniadinunediddguesuiey
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Aoudisaladamwed1arnmenia Black Friday Tull 2015 senvigianizves Amazon Antdu
36% veswanuvoaulatuiavun) uazmanianieq Tuudasd dusmsiudeguuuuilien
Aalsglonifigs wasdsingegdliasiianevieduduisiinfignioogaminanizdag
wiAn1a Geguuuusensiuddananazanunsatsuendsasnamiiinisieduduasdiae
fiaudlignde anmsmsuiaguuuunensiudidngn earaeliismeuiaiaaii
somsdudinlesuanuion suthundsmsdadulalunsifiy aanisuda nMswisuingiv
iioliaenadesiuidanisndn antyvlunisadondud wazlifuimsanunsafnnagns
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ANURAUNAYD8Y U Tsauzise N15asIeridayan1anugnssuvesdu DNA Microarray
Technology’ ﬁ'ﬁmiﬂiwﬂgiwﬁuaﬂwaﬁﬂLauaLLazﬁmmrﬁmUﬂmuﬁﬁu DNA 3g¥i1w
tninermansnsuisnalansfnanuiinunfthindeamgnsislsaieusdiuag 010
nsuieisnsinuilsanan udeghslsAmusunuuBuiiusngsufueguainauslianansa
nevALBIioNITIATIEIANAnUNRYesTuiivilWiAalsald Fedusmauisduiiusng
sfusehsliiaiiansuaziiruinund enataglvininemanivieunmdnsuiaunlii
HuanmaiiviliAalsasefiusnntusaznisinulsadfinduls

1.2 TUILaIAYaINITIY

1. i eadrwundnlndlunisnsvaeungAnssuvesnisuilaafiarunsaily
Uszgnaldlugsionie 1aese lnswnAadainanainsadssendlelaiu gsiaruan gsiam
d1 g3faduemns geRaieatuesiiaes gsAafeafugunsalluiiin eassndudn 53ia
Penss gsRavteetlnasndnseusuiviesnoud gsnafsdfuemIveia gsRalRsaiuan
gunsalmsinuns g3faieafutangunsalieatns ssiafsaiundnsasinisnuaziin g3ne
Aaiugunsniiedeudeuuazdsiiun gsnaieriugunsalreufiumnesuaginsdmsiiadoud
geanetuaenliuasnaniusinianninems ssnafeafulunes ssfaferfunenITLas
gUnsalnensunmg gsfafsdduiniesusedu g3iadmeuaziniosudanie ganaAeiy
Fulwdeingg s3ia/esdnsmienisunme uazdue

' https://www.amazon.com
z https://intelligence.slice.com
’ http://ejournals.swu.ac.th/index.php/pharm
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917U 55RIMUAN §3iadds g3iaIueImns gsiaRefumesiiees gsfafuafugunsal
i1 aassnaud gsfaveeyivasadnssugudviososud gsnaieafuemamea 53ia
Renfuiangunsainmsinens gsiaieiuiangunsalieains ssiaiferdunaniasimnuas
Win gsfafeadugUnsaliad eadounazdsiia s3faifeafugunsalreufiomesuas
Insdwsiiadoud gsnafeaiunenliLazndniusinisnisinens gsiafeaduiuines gine
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e gaRafeaiuiuledene g3ia/esAnsmnanIsummg wagdug
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3. Idnasuidefiaranunsofiulusudszauivinig “kKnowledge and Smart
Technology” (KST), 2017 9th International Conference on. IEEE, 2017.

4. @uN5AUIUIAANITIATIERNGANTTUNITUTLNA wazdumeuisivuavelude
gamLiionsduiiun1sidetugetely
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fldnaasuiduyadeyasss amnsaaniulnanldain P.F. Viger, “SPMF: An Open-
Source Data Mining Libraryq”

2. mybnswnginssuduilarasfunsiinseiaeldnisfumguuuuiliien
aaszlonigilasunngeshslidainane deidosnsuadndazdoninisimunaidauys
AnUselevd (utility threshold) wazA1dawyInuaL@Ne (reeularity threshold) i ald
Hunasidmsuiamnuhaulavesguuuuiiazyhnsfumaindeyadidesnsiingizs

3. MytanavesnsiaTziazanansasidunislalu 3 wiyn Ao 1) andildlunns
Uszanana 2) miganuadildlunisuszunana uag 3) S1udunadnsiamnsadumle
auddiu Tngradnsildannsinsgiannsailussneunsdndulals winsdndula
wazn1sAnauranisandulaliaiunsasiiunisla

1.5 WAUNISAEUIIU
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nsafiuanuddeiilagnanfunisaeliununisanlivauiagsseviiainseylily
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AN5197 1-1 Szeznalun1saiuni1sivey

LAUNITANT LI Un1sfinw 2559 Unsfinw 2560

A A
LBY tBU

1-3 4-6 7-9 10-12 | 1-3 4-6 7-9 10-12

% = ¥ X D
Tawnsoudoyar a1yl
AukuulunsiiaTgideya
HUsLaA

Anw1auidenifeitoslae
FWdUNITAUNNLATIENT
dudnilirnaselond/m
nsteduduuvasiaue/ld
aiane

* http://www.philippe-fournier-viger.com/
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o/

a o 14
LBNAILLASITUIAYNLNYIVDY

ad v
2.1 NHYNNNYIVDI
ao & ) £ ¥ a I A a
Adelaziumsdunigusuy agldnisiansangluuusuulng 184ina1nnis
dnwAangIfun1sAumUkUUn danaUselevdgaunaunaiuiunsAum sUwuui
Usinguesuazaslinaus lagnn1suaunauanvaevasgunuudenuagyinligidganunse
Anuadenieatunsaumsuuuunivselenigauasysingiuegrdliadnans aeldnig
AUMIFULUU 3 Ldyu fadl
1. nsAumukuUNUINgUee (Frequent ltemsets Mining, FIM)
2. msAumsUiuunsiraudseleydas (High-Utility itemsets Mining, HUIM)
3. MIAUMIUBUUNUIINgUesLazaliaue (Frequent-Regular ltemsets Mining,
FRIM)

2.1.1 MsdumsUuuuiivsingues (Frequent ltemsets Mining, FIM)

nsrumsULuuiivsnguesidunisdumgunvuiivhaulanisldnisiiansan
F1urunds (nFe arwdes uie Arwd) lunsusngduvessluvumaity lnedguins
FumgUuuuiiuanguesassjauduiinsdunignmenis (en1sdudn) Agndosamdutosy
Feagyiliuism/Medu/anulsznounsanansonsuisTinunsteideanusaidoya
fanaluidudimusznevlunsdnyinlsluduy msdanisadsdud meviuanmdendudi
nSeTuAuEn wazdue Tnedgmdnanansaienls dd

i iduenvaes1enIs (items) 19199086989V

7'm

Jeruh 1 A1ualisen | ={ i, i, ..
Y3INANIIAINABINITNIAIIUANUT

deruil 2 nmunlvien X = (i, i} S 1457 499518079 (set of items, an

igs
itemset %39 a pattern) FIUTLNBUMENAILTIENTT

Jgrwil 3 Al TDB = (t, t,, .., t, } A9 §Iudayas1enIsuiogIutoyauuunsIuLen
% (transactional database) FausazNTIUUTATY t, € TDB 9zUsznausiag 1) vugiay
A19UNTIUUTNTU (unique transaction identifier, tid) tid = p wag 2) 19999578075 X 771'§]f7
vssgaglunsruuandiniy 9 (Fuansireeilunrse 2-1)



M5 21 feguguteyasenisivszneuludmemnemumniuiendulasiensiensi
Usngluusaznsuwandu

vinglaunsIuLendy (tid) | wasemsiusnglunsusendy
(a set of items or an itemset)

1 a, b,cd

2 a, cd

3 a, b,d

4 b,c d, e

5 a,bce

6 3, e

7 a, b, c

8 b,cd e

9 a, b, d e

10 a, e

fwns1ens X C Y awnsaajuleddn wasienis X usingdulunsiuuendu ¢,
= o = 1 [ [ v & X & ~ o
NIDNTTULYNVU tp uxX UI3908¢ ﬂ’]ll’]iﬂLLa@ﬂI‘UEULLUUSUaQﬁiy,aﬂHﬂﬁﬂLﬂu P PNUULLBNN

nsnsRdeunsIen1s X 1Usingiulunsuendulatrslugiudeya 708 agvilvinguis
IERVBIVUNELEUNIUINTUNT X U31ng aunsatieulaeiadl

deuit 4 Fvuald T = {p"(p+1°), .., K3 1o 1 < j < k < [TDB| Avionvosnuieiay
nIMueNTY (tid) ignd X Using legaurtn (tid) lu T szgniSeeatdvaindeslvuiniie
Windszansnmlunisussuaana (ausassenlnggelaiii tidset)

deuil 5 Mvuald s AoTiuauesinIsusingrveusnsiens X vieiseniiaaduayuye
wn318n73 X annsormualaidy s = T

o o o \ o
Aqad1eM 1 99nA1599 2-1 518M15 ‘@’ Usingeglunsuuantu t,, t,, t;, t,, b, t, to, Ty
Ngeagy sz ywnvomanelansuwentuinisienis ‘a’ Usingey dedl 77 = 19, 29, 3°,



[

59,69 79, 99, 107} AtuAmatiuayuua wensenis ‘a’ awsaruwinlanl s7 = 19, 2,
39,59 6% 79, 99 10° = 8

Y]

nfgnuteiunisiuniwngen1siusingnusnguesaiunsadenulanil

de1uii 6 19m579n75 X axduensiensidsingvegineadle < dawnnamsamiua
Iautsavauu (support threshold, dy)

2.1.2 nMsfumguuuuisianqalssleviige (High-Utility Itemset Mining, HUIM)

MsAuvnsULUUTiTiAAaUsElevigs gniimunanannsumULuUTiUSIng Uoe
TagnsAumnsuiuuiananagimsiansaufefuiaudselevivosgiuvuiiegluguves
warils fuyu AeNEss AianuAanan uazdug msfumsUuuURdaauUstlovigees
annsavenlddesonisdudiilinadlsganiodunudi uenandusiaunsavenldds
Usina/suududnfigndeld dsasviliuiev/eiw/aniulszneunisanansonsiuis
USnan1sdedudn wdausmideyadainanilududiutsznoulunisdarilusiudu nns
Fan13ndedudn nsviudamdendudn nssanetududn Iﬂﬁli‘]mmmiﬁumgmwuﬁﬁm
Anvsglomigeanunsadenld dedl

dewil 7 nvunlilsass19n75 i, € | (adewd 1) vedimnanssloyinenisysing Tunils
ATIY89578717 i; 158777 external utility 81719U HaAIl59INFUAITUNTIY FUNUVOITUA]
Funieq wiooug annsaunudganenval eu()

M50 2-2 fegannUsslevd (variils) vedusassiens

318019 a b C d e

AnUTEley 10 |5 [3 |2 |7

dguil 8 dmunliumaznsnuenty t, = Gi, ..i, } Uszneuluimgiwnvesignis ¥ = = (i,
- 3 1gnussgeglunsiuuenty t, lnsunas | € Y 92dT1uunsiveInIsUsINg Tuves
599075 iy lunsruuendu t, = {i, ..i, } (56037 internal utility a1snsaunulaseagyanval

iu(i, tp)
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v

dewil 9 Arnaszlevivessiens i UTnglunsuendu t, sxidunaganisvedns
Usnguveesients i lunsiuuendy t, dumiqaselendnonisusing Tunilensived
99077 i, AnsamuIMas U ssayanyal u(i,t,) = iuli,t,) x eu(i)

M50 2-3 Meg1adeyansTeduAITaIgnAT

PUULAYNITIULINTY (tid) Lsd(ﬂi’]EJﬂﬁﬁUi’]ﬂQIUVﬁ’WULL‘Uﬂ%/U
(a set of items or an itemset)

1 a(3), b(6)

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

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

4 b(2), (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)

deguil 10 A1qaulszlordvessignts X Musnglunsiuuendu t, wxidunasinyes
Aassylenivesnnsiensiiduasndnveasnsienis X TUsnglunsiuwendi t, a1u75a

AIauazununIgayanyal uXt.) = 5. e v e, iulX,t.) x eu(i)
7 P & XX S, P J

deruii 11 mpadselevivonsnsienis X Tusnglugiudeyasign1sesilunasiuvein
AuUsglovdyanunves X lunsiuuenduyswunnd X Using a1u150m1uauasuny
ayanval ux) = 5, Et, 1, EmopulXty)

A98197 2 91NAN5NA 2-2 Uaz 2-3 9zUsenauliimeninulszlevivetsiazsneniswag
F1UTBLATIENTIINIUY 10 N5 wwendu ArnuUselevdveasnsienis ‘ab’ Tuunsiuuendu
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t, annsaduanlddad u(ab,t,) = (iu(a,t,) x eu(a)) + (iu(b,t,) x eu(b)) = (3 x 10) + (6 x
5) = 60 warmvosAnuUsEloriiomunves ‘ab’ Tunsuwenduiid ‘ab’ Using nanfe
(t, ty 1o t, ) @850 wlA Rl ulab) = ulabyt,) + ulabyty) + ulab,ty) + uab,t,)
+ ulab,ty) = 60 +75 + 15 + 40 + 40 = 230

a0 v

Mndenutrefunsdumiensensfisiigauslovigeanunsadowls fil

deuil 12 lwn518073 X sduiens1en1sndnaaInalsslevidga (high utility itemset) i1
oo X dmnasylend u(x) uinnamiewdvardauvsgasylevd (utility threshold,
0,) MElE MR

2.1.3 msﬁ'umgﬂLLUUﬁiJS'lngﬁamLa:aaj%aua (Frequent-Regular Itemsets
Mining, FRIM)

MsrumsULUUIUTINgUosiazanausligniamisosenannsrumUuuui
Usinguesiduiu fnquizasdndnuesnsfumsuuuuiiunnguesiazaiianoazidunis
MIIFOU/ AT 'v?wqﬁﬂiiuﬁuaaﬂﬁmwngﬁuﬁuaaiﬂLLuumszéfﬁauvLﬂuL%mmu?{ (Fru7u
Af9) wazanuasiaue (sveriia1veinITIIngs) 19901303 Tun1s@nwiAeady
wAnssunsUsIngiuressuuuy fingAnssunisusngduedwasdianeviely s1az
ausadunalaainsreziailunisusing laelunsmsseeiialdenaiveaguhuy 151
ansafuwnldnnnsinsaienvemusaILLENTuiE X Usinglu (7 ananse
feildad

gwil 13 mualdl t, (umsiuuentuusniid X Using AImuaiauevesiensgnis X
MelanMsusTINgTuATIsn arursamuIauagknayanyal frfp =

gawil 14 mmualdf t, (Wunsiuendudid X Usng uasimsuuendy t, (unsiuuenti
noumind x UsIng (naeing =1, 0" ¢", .} Aenuananeve s TIenIs X
meldmsurngdulunsiuuan sy t, 9TAWITOA RN U USTYAN YAl rt ,=9-P

deruil 15 Fmunld ¢, idunsuuandugaiend X Using wasdnsiusendi ¢, 1dunsiu

uINFUGAINEYIFINTOYA AINIUANNTUDYDUYATIENIT X NAI9INYTINGTUATIGANIE By
aunsar sz unuyanyal ) = m - z

a ‘NI o ! 6
nfle1ui 13, 14 uag 15 aNI0AUIUMAIANNANNANDYDUTATIENT X
meldnsusingiuasnile widilinsuimginssuvensunngintulaesiuvesian
398N15 X NEsaunsatienulansil
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dgruil 16 mvualyl r* Aevaarneauuigainliidionsignts X Usngtulugiudeyanse

=) U U 5 o % v s X
156n99A 188 UANDYDUYATIENTT X AIUITOAIYIULATUN U Yanwal I = max (fri; ,

7 7 er)
totyr 0 e e,

A298799 3 91NANS199 2-1 ANANUALLANBIBUTASIBNNT ‘@’ wseniwn T° = {19, 29, 39,
a a a a &/ ° vo & a a a a a a
5, 6% 7%, 9%, 107} lugnudeya annsafuandlddail ' = max (fif , i 1l r s 1o

a a a a _ _
Mot Tty Tty Ut =Max(1,1,1,2,1,1,2,1,0) =2

srovnadinaansanmuRldiisamensaud X asusngiuegiaen 1 ads
Tunnq ' nukenduiiZesdony Feannisiarsandt F agilinsuianginssunis
Usngiuresenstens lneaindeudinanundredu msdunimasenisfivangUesuas
Usngegsasiiauedeuldfal

Je1uii 17 19m5719n75 X azduensien1siusngueeussusingegiasiauenaoio s<
daunnamiewiduaiaudsaduayy (support/ frequency threshold, a) was r* {7
pgnNImMToAUAITaUUSA NN IaLe (regularity threshold, T).)

2.2 Adeiieatas

(Agrawal, Srikant, uazanz, 1994) IddliiuisuuaAnnisdumguuuiivsng
ot (Frequent itemset mining, FIM) flazfinnsanasiialavesguuvuluudsmvosniud
yoen1sUINg fansnsavsuenldfviwemiemmnisaiiivmnglundeututes fegagu
Tugsharheassnaududogsiaduanagrhnismaruduiusvassenisaudfigniesiudu
Uawq ieraslunisdnvilusiuduaud GzhEﬂuﬂWif{’f@%’ju’mﬁuﬁﬂﬁﬁuﬁwﬁgﬂ%@i’mﬁ’uﬂaa6]
Thogluiiuiilndq fuiesuisaruazaanliunigndn dansdidunisianuaiagaely
FsaranAudninugiuandlidinsdodudduieasmmaudidely Tasnnsdumguuuui
Usingueslunduuanuivesnisusngivaisy :uiss e1fiu msfumsUiuuiivsng
UDELABUAULIN (Han, Wang, Lu, wazane 2002) miﬁumLeami’mmimmsnmwmiﬁﬁmm
aﬂamaﬁqm (Hu, Sung, Xiong, wazAz 2008) uslgasran1susInguesliaunsausuenta
feAnnaUseleviveLgnIIENITHAZANUEIAY VB NIATIBNITIULILNA 191U NanIls
Funu Apaufnnate AuA11e3EwoNa Ty wardug frewai (Chan, R, uazame,
2003) uag (Yao, H., wagang, 2004) Fvidiudauudnnisinnuthaulavessuuuy fens
Wa1saurnaUsElevdvasguiuy (high-utility itemset mining) F9910n15R 91500777
auszlovivesuuuuashlifieneiteyansiuimailsildaneaseniavatu T
Toyaitleamnsniludsnoumsdndulaifiedsutsesnanim nsuinng nieisnsauiy
gsfvesuIEn/Aed ey 16 uenmdloanmsuszyndldlunnisgsia msfumsuuuuid
Al sglevigedsanansailuyssyndldiuaulunaies d1u 09wy n153ATIEinag
Wugn33u (Biological gene analysis) N34 18 LT uMUUT @AY (Web-click sequence
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analysis) N3AT19AOUNITT UATRsA TR N3 TAUsEANEAMI8IN1595193 NIATIRABY
msuildanudsnines mslinseideyadildanidumesidaisa wasmsiesziteyanisld
nsdnvinndlna Judu

NAUARENFUALIRUM IR U SULUUATA AU s levlgeilenanidnedu 16
Fnifeidus e isiaunduneuismsdumsuuuudina 1 liissAnsamann
Ju ol (Liu, Y., wazame, 2005) ldneneudndudunouisiiazasmouuiinadoyanie
FIUIEATIENTTFEINSRITAN (itemset lattice %30 search space of itemsets) A2
nstaueAIUsEaIaAMUsEleYU VR UIATIENT 738071 “Transaction Weighted Utility,
TWU” asfunaruvesiauusslenitamavemannuusndulugiudeyaifionsenis
U304 SENﬂ’1‘U3u§ﬂMﬂm‘ﬂﬁuiﬂ“du%umﬂﬂﬂﬂﬂ’ﬂﬂ’lﬂmﬂiuhﬁuUﬂLL‘V]"\]NJJ’m Feudnenyszano
AuUsglevdilrtasnitAnliauuinuuselevd (utility threshold) kadagvilvilsiaiusaauy
wasIeNseanaInMsiasanle esnnwnmenisdinanliaansadusasensiidy
nadwsld wAnistunsUssnunaulstlenildgnuszgndldlunaien duneuis wu
msfumsUuUURTAUsElsmigauuuanstuuy (Erwin, A, wazaniy, 2007), Tnssadreiulsii
fiuszansnmdmsunmsdumaenisidaaulsslenigdlugutoyaiiiiuiu (Ahmed, CF,
uazAy, 2009), lnssadedulsiffiussans nmdmiunsfumaenisidagausslovigs
#1838 HUP-Growth (Lin, C.W., waganig, 2011), Msdumsuuuuidanuselovigeesial
UszAnsnmdnenisiariaudssloviuuuiads (Hong T-P., uagay, 2011), NM1SAUM
sUnuUidAnaUselovigaiieds UP-Growth uag UP-Growth+ (Tseng, V.S., uazAns,
2013), Mmsviduidifuszansawlunisfumsenisfidenulselovigs (Lan, G-C, uaz
Aglg, 2014-a)

faudidnAUszanuandsylevd TWU agvililsaiuisaaaneaudsuiudeyanse
Fuueesensideniinsinsanld uieglsfnuaiUssanuguusslovivean
sem13 wdudAuanAguusgloviasereudiann vliiseisliannsaaamoudiuou
was1ennsiFosinsansaniFegadud adumglsd (Liu, M, waz Qu, J-G., 2012) &
ﬁmﬁumﬂszmmﬂmﬂsﬂmmwuﬂﬁz%’uﬁL‘%ﬂmf’] “Tight Over-estimate Utility, tou” iian
\Auadsfesndne TWU Gaazthelfansnsaanneudiuensnonisidesinisiiansanld
iR uazdudduuAaues Liu Idweunsoanluvliinaeq sndseandlduuida
fananlunisanneutSunadeyaniediuiuensenisidesinsinnsan e1fiu ns
Aumienensisiinausslevigslagldinuuszlovilngyszanas FHM (Fournier-Viger,
P, hazAMy, 2014-a), mw‘i’mm'qﬁ'qefm%umsﬁ’umL,snm']&Jmiﬁ'ﬁﬂ'mmﬂiﬂmﬁqq
(Krishnamoorthy, S., 2015) uaﬂmﬁ'amﬂmﬁﬁwmﬂizﬁm%mwiumsﬁyumgﬂquﬁﬁm
AUsglevdaanieldanisimunAdanuinauseleviug dnidenisunsvinvilesdeyala
AnfuLLINIE 3503 uardumeusingg Aaelinmsdumiensensinanianugeinanas
sudainanuansalundyusieg Sndudwiunin enfiwy 1) msdumguuuuiiien
andstlomigaangiudoyadifinindsuntasianisiiv/andwaunsuusndu sanfenis
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LU?{wuﬂaﬁagaiummLLGUﬂGi’i’uiumwa"q (Lin, M., k@ Qu, J.-F., 2012), (Lin, C.-W., wag
ARy, 2014), (Yun, U., uag Ryang, H., 2015), 2) msAumguuuuiifiausslonigsandeya
Ased (Chu, C-J., wazAaly, 2008), (Ahmed, C.F., wazAg, 2012), (Feng, L., wag Jin, B,
2013), 3) M3rumsULuvitinulselevigalaenisiinnsansailssauiunavianu (Chy,
2009), (Li, H.-F., wagmaadz, 2011)[21], (Founier-Viger, P., 2014-¢), (Lan, G.-C., Laz A,
2014-b), (Founier-Viger, P., wag Zida, S., 2015), 4) Msdumguuvuiifianaussloviiged
1m'ﬂmwﬂéﬂ%auﬁumgmtﬂu (Wu, CW., sagae, 2011), (Lin, M-Y., wagAne, 2012),
(Fournier-Viger, P., wagaaie, 2014-b), (Tseng, V.S., wagaaie, 2015-a), 5) N1TaANDUAINY
genyosmsimunadautinalsglomnisonsimundiuueasenisilinailsgean
(Wu, C-W.,, hazAe, 2012), (Zihayat, M, hag An A, 2014), (Ryang, H., bae Yun, U,
2015), (Tseng, V.S., wagAade, 2015-b)

woNWBINNIIWAILI Frequent itemset mining Aen15NAIsaAIAUTEle YU
A9993ULUULE Tanbeer, SK., wazamy, 2009 FlHiuin1sdumsuuulnguosain
Frudeyalagldenaivayy (R]OWU’JU?W%ﬂﬁuax‘iﬂ’lﬁlﬁﬁ%usdaﬂiﬂLLU“UIUﬁWuGEJ’E]iJa) a1aluiiieanasie
miﬂumiﬂwamauiﬂmwmauq Fevnil Tanbeer uazany Jdldiauonunudn
I‘Llﬂﬁﬁﬂ‘lﬂ’]‘v\li](ﬂﬂiiu%@ﬂﬂ’]iﬂi’]ﬂgsﬂu%aﬂiﬂLL‘UUWJEIﬂ’]iﬂu%ﬁULLUU‘VIUi’mgUE]EJLLau‘Ui’mQ
98198 LEND GEN"\]UL‘LJ‘Lm’]iﬂﬂ‘lﬂ’l‘Wi]Glﬂiillﬂ’]iﬂi’]ﬂg“du%@ﬂiﬂLL‘U‘UVNIUL“UQWJ’]@JQLLa A
aanevean1sUIINg LLu’mmmmummsauﬂﬂﬂivaﬂ&ﬂﬂmumwmaq AU By
inmsvieduimiivesgaiadiuin e19as aulasensdudiiigniovesy wasgnieatig
ashanounninTensudfigndeves Wisseguien tiefiazvhnisdanTonaudli
wownziuAUFaInsvesuslan wardsanunsatielunisdniluslududmsvaudnign
Yovonq Tafuauditliligndeveslddndae Tudruveanisiauinisesnuuuiivludiuio
nsquasnwiuledt fouaiiuledensazavlemnuaiauevesnsndniiteFungdeyaluiiy
wafideifostuieiluuiuusstenumiadenvesiuledlviiauiadlead sty Tud
YesnTAlaTzsiteyanaiugnIst nguvesBuiiunngUssuazaiianoenatsuaniseyai
ddliuninineeansld ludiunaiaiunguuesiudfidedadnisiut uodasiae
omaglduanuiadlanniinamusineg uazdus

Tunsmguuuuiivsnguoesuazuingetsataue §ldazdesinnisimua
Amnimed 2 Avvhedufe 1) adawdsatiuayy war 2) Adausnnuasiane weldin
anutaulavdenruddgvosguuvunieldngfnssuninind uvosguuuumaty us
oglsfin Wuinsududd “dusladlddanusludeyaundeu mstmunrdauisatiuayy
dWieflazlasusuuvuiaulauaziinnuddyanniianziduFesiigsonuazduin” Tagdn
i uaAdauysatuauuaaiuly a1l ldnadnsidudnulesnioanvavlile
wadwdias Tunsdld sdudosmaenadauudifiddesaudninsdunmadnslan
p¥sisenvazldsunadnsiintunielddld wilunsdifadauisgnimusliiiaides enavily
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isldwadnsoonundudwiuinnifuninfiisnagsinisfiansanssdanuild uaznisdum
HaansazldiaAeut1anINdneY

ndymdnsduieng Fadnuidedinistauidesenainiiures Tanbeer
Tnefifnguszasdiaznanidosnisivuamdausativayu Taofnualidldinsiivug
Frurumadns (@nentg) Adesnsunudienisngluuuitsduegluuy deusnglu
guteyaodsainanowarUnnguasiian nelddgmil fidesnsdumsuiuuasdesii
nMsfmuaAmsfiaes 2 avvnedufe 1) Ardautinnuaitiate way 2) SuuNadwsi
AoIn1stun1sAumgUuuuaIna13la 0819590153 (Amphawan, K, wagamy, 2009),
(Amphawan, K., wagany, 2012), (Amphawan, K., Wag Lenca, P., 2015)

uonmiieainnismdnidssanugsenlunsimunadaudsatuayy nsFum
sUnuufiusInguesuazusngodasiase lagnitmuiedsoidodunatss udys endiu
MsAuMsULUUTIUTINgUesuazasane angiudeyafiiinngfiufudeyalugiudeya
(Tanbeer, SK, LazAny, 2010-a) LLazﬁ]’mgmsﬂ’agaqumzLLa (Kumar, G.V., lay Kumari,
V.V, 2012), (Tanbeer, SK., tazmatde, 2010-b) mimgﬂLmuﬁ'Lﬁmﬁﬁjuaﬂ’maﬁ”nﬁmﬁ'
Usgnaudieguiuufiusnguesuazdsinglives (Surana, A, wagang, 2012), M3y
sUnuuiUnnguesuarasiiatefienisinuadeuluifsadudatiuayu (Kian, RU., uaz
Reddy, P.K., 2010) usniniloansuidednasuudrsaianuidenieg fyaduiinsimuinis
AumsULuuAvInguesuazUsngetsasinaslundyusneg Snannue 1wy n1sAum
stuvuiduszezq Mdululdlugiudeyavunlng (Luo, X, wazame, 2013), (Kiran, R.U.,
Lag Kitsuregawa, M., 2013), imatialnglunisanyesinslunisAunmisienisusingues
(Kiran, R.U., uag Kitsuregawa, M., 2014), n3fumlsafiusnguesiiuuszsmmenisunnd
INguteya (Khaleel, MA, uagane, 2014) MUA16U

Tunsdumsvuuuiiusinguesuazyingasiaueazlaaiuisayavenis
anuddyvidenaUszlemivesgunuuls widmiunmsdumsuuuuifiiaudselovigaayll
ansaUsvendanginssunisusingduvesguuuuld dremaid Amphawan, K, uaz
Surarerks, A, 2015 léfiLauanisdumsluuui faraulsslonigelasusngduagng
asuawe Aituinisiaauiaulafidunuangudoyadsnisinnsandaulsslon
Wigsetaferesliiisamesenisumguuuuiitnala Seldifuduioulunisiionsan
sunvulagazimaiudud eulvvesnisusingegrsastanesiuAun1siiat e
AuUsElerlveesenisnieg lnglunisiansananudiaulavessenis/iensiens )ld
AWINIAMMUAAINNTIEWES 2 AweiuAe 1) Adaudsnuuselevd wag 2) Andanus
auasiiaue Faasvililsmauiesuuuuiifsgudstleniguasingfnssunsusngiu
o emianee 9 lismIuTIsafinensaudilesuanudoy wazhundanisns
Fovhlusludulvinusenisauiifionsadietisnssdusens uazduq uenantuldvh
nsmuIUsEANSanitensUsuUlassasenisiiudeyade “New modified utility-list,
NUL” Lﬁ'aammmmaﬁﬂmmﬂ'mmﬂiﬂmﬁ (Amphawan, K., kagaalg, 2016) hagTight
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Over-estimate Utility (tou) A1Ussuainaiuselovduuunsesdy (Liv, M, kag Qu, J-G,
2012) wazaue)

2.3 Ynvayavain SPMF

lunisnaaeuysednininvesdanaiNny azadun1snagouf Uy Ad oy a
Benchmark figaiduteyaiilésuanuundede aunsaariuluanldain P. F. Viger, “SPMF :
An Open-Source Data Mining Library'” Tnsutsvilavosdoyaidu 2 viiade 1) vindeya
wuuL U eiianun 5 gadeya A BMS, Chainstore, Foodmart2000, Kosatak uag Retail
2) wilndoyanuuruuiuiivionnn 5 gadoya Ae Accidents, Chess, Connect, Mushroom,
uay PUMSB uiazyateyaaziinoazifondsuanslumsnei 2-

o Yndoya Accidents \ludoyag UAingas19sainan duadfueynd “National
Institute of Statistics, NIS” 91nafn1avesnandauszinaiuad oaluszezina,
1991-2000

o yadoya BMS Ao doyanisvieduniainituavandiannselindvuinlvg yadoya
Chainstore favayan13vgsNITUYeIQNAIINTIIUAIUEN

« aateya Chess Ao Toyanistaunuingnd lfainia3es “UCI Machine Learning
Repository”

o qusfljaigja Connect A® %’a;&a fildania3es “UC Machine Learning Repository”

« %ateya Foodmart2000 A doyaiildaniiueivns

o YaUaya Kosarak Mg Uoyadn click-stream ¥84 “Hungarian on-line news portal”

o Ynvaya Mushroom UszneuldsetuiinniseSulednuyavesanenugiiamnigg

o Yataya PUMSB fie Tayanisdrsiadiugludseyng

9 Y

v oA v v a Ay vo Y v s ¢ & N
. YAUDUA Retail AD sﬂaiﬂaiqﬁlﬂqiﬂqﬂaﬂml@iUf\]’]ﬂiqUQ’]ﬁﬂLﬂaiﬂqiLﬂWIUL‘UaLﬂEJ@J

9 Y

AAUGILABUSUINAN 2542 BangAInIeY 2543

MnyndoyaTiavan SunsuiiuusnmMsiTsanaudnuuzrsoya teflagldy
Idunoudifiihiaueannsavianuldegivszansnmiudoyaludnuarla Tasviins
finnsalu 2 udyudedl 1) Sunuesidunemasaefiduianlstloni (uandlunmi
2-1 114 2-10) wag 2) Snueidusensdeiesiduaimnuainae (Fauanslunind 2-
11 fis 2-20)

' http://www.philippe-fournier-viger.com
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¥

%agmﬁua;ga FruTEemsh | Snumsueen | anueiads SDIRION
U31n]) Fu YRS | §1udeua
Accidents 468 340,183 33.8 MUY
BMS 497 59,601 4.8 bUTUN
Chainstore 46,086 1,112,949 7.2 LUV
Chess 75 3,196 37 AU
Connect 129 67,557 43 MUY
Foodmart2000 | 1,559 36,869 11 UIUN
Kosarak 41,270 990,002 7.3 UIUN
Mushroom 119 8,124 23 AU
PUMSB 2,113 49,046 74 MUY
Retail 16,469 88,162 10.3 UIUN

NAA 2-1 fls 2-5 uansgadeyavialuiuns 5 yadeya Usznausiy BMS,
Chainstore, Foodmart2000, Kosarak kag Retail 91ud16u taguusrtaausslevinieiy
11 %4129 @u\‘iﬁy 0%-0.001%, 0.002%-10%, 10.001%-20%, 20.001%-30%, 30.001%-40%,
40.001%-50%, 50.001%-60%, 60.001%-70%, 70.001%-80%, 80.001%-90% i & ¢
90.001%-100% FsiltrarnnUszlowinngn fo 09%-0.001% nsuustsAaaUszlewiio
wildiudnuag msusnguresmemsuuuiidudidey

31NN13N1TUIg Uy Aedannlad1g1udeya Chainstore wag Kosarak i
Fausen1sivsngdulurasanauseTond 0%-0.001% unningasannauselon
0.002%-10% uazlifT1urusenisusngdulugaeainmusslevid uqias ludiuves
g1utaya BMS wag Foodmart2000 wunltiuanlvgvesiunusenisazdsngiulutaen
AnUsglan 0.002%-10% wazlifinisusngiuvessenislutiseanusslovdfiAundd
10% ludaugnutoua Retail #51urus18n13 49% Usngd ulugasaraudsslowd 0%
0.001% wardisrmauenis 51% Usingiuludisegausglovd 0.002%-1 azifuldiii
ot uAanUsElsnifsuunensusngiulndifeaty
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Foodmart2000
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NAMT 26 89 2-10 uansyaToyavdavuinyy 5 yadena Usznounae
Accidents, Chess, Connect, Mushroom, dag PUMSB snuandu tneuusgieeinuusslos
v 11 439 loA 0%-0.001%, 0.002%-10%, 10.001%-20%, 20.001%-30%, 30.001%-
40%, 40.001%-50%, 50.001%-60%, 60.001%—-70%, 70.001%-80%, 80.001%-90% uas
90.001%-100% FsiltrarrnnUszlowinngn fo 09%-0.001% nsuustsAaUszlewiio
wildiudnung msumnguresmenmsuuuiituddey

31NNFRMTANFINTeYA dunaladngiudeya PUMSB H91u7usenisie 86%
Usngtulurasainnsglond 0%-0.001% dedisiuausienisuinningisainuusslond
0.002%-10% waglifisronisusngiuludeainmuusslonidug we ludiuvesgiuteya
Accidents, Chess, Connect uag Mushroom uwiltudulnguessiuausenisaztangiu
Tudhsannsslond 0.002%-10% wagldfinisusingTu vessenislurisAnaselovii
\Aund 10%
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NANTA 2-11 §3 2-15 LaRYAToNAYIALLUIUIG 5 Yadaya Usenausag BMS,
Chainstore, Foodmart2000, Kosarak waz Retail anudsu Tnsuusgasaianuasiniauaiig
AU 11 929 lawn 0%-1%, 2%-10%, 11%-20%, 21%-30%, 31%-40%, 41%-50%, 51%-
60%, 619%-70%, 71%-80%, 81%-90% uay 91%-100% Fsiltrmnnuasiauesign Ae
0%-1% N13UUsTAIALA AL BTN ﬁ]zﬁﬂﬁl,ﬁué’ﬂwmzmiﬂﬂﬂgs‘ﬁumaam&JmiLL‘U‘Uﬁ

o w

VEGRGEY

3INNITNA1TUIFIUToY A Jedunalad151udaya Foodmart2000 kag BMS
wualtudulngvesmenisasunngiulugasaianuasiiase 0%-1% iieuiivun waz
gmsﬁjmﬂa Chainstore, Kosarak Wag Retail %ﬁi’]ﬁm’liﬂi’mg“ﬁ’unm 9AIAET AL D
Tnoudaztmanuaiaoiidniunensunngiulndidsstu
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sensUsIngiulndifeatuy
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fnaulaneldnisfinsandnulstloviveasnsions ey nadls-uenu amides
way Juq Tnsguuvuihaulaazdusuuuuidaquussleviginiiadausnuusslovii
Fldtmun useghslsfinunsdumsuuuudinanldldfinsumginssunsusngiu o1
Wy AnuAvesnsUsing anuadiavevesnisUnngiu udu demedadlaiinide
ﬁwmuamiﬁumgﬂLLUUﬁﬁﬁi’lﬂmﬂidaﬁuﬁqﬂmaﬂiﬂﬂgﬁﬁuaﬂwaﬁwLaua (Mining High-Utility
ltemsets with Regular Occurrence, MHUIR) Tagynisifiadsiieulvaesnisusingesis
ashiaue SwfunsinsanAauUstlsrdvesensineg wiegislsAnunisAumguuuud
finsusingetsasiane SienalsiiissnedmiunisAumguuuulmigideumainuaie
e dluuniaziiauemsdumguuuidanulsslenigdngsingesishiasiae
(Mining High-Utility Itemsets with Irregular Occurrence, MHUII) I@EJE‘LJLLUUME‘%J ﬂwmm‘f OH
aunsavsuendenginssuduilnadeniestunisdedudiifanndselovigelnedud
wiatugnifeasdlsiainaue fogadu ndes, wud Suiniduduifigniesiudu Tnsgnde
i anouddilinaniilsfias Seasvinliusznaunisanunsansuimginssunisdodudn
#30Uin1s wazngAnssuludednveuslaala darugredudeyalsznaunisdnduls
Aefunisuimsinnisdudands msdavihlusluduiieduadunisuawazdug

3.1 MsAumsUuuuniiananyselevigauazusingegsliagiaue

v

Mnfeiiuguimueluuniiugs nsdumguuuiifidauusslovdgandunis
Aumsuuuy x lag fidaaausslevd ux) mnnissewinduadaudsnausslovdigld
Amua (a,,) wiedslsimulunisaaneud3gdaniuy (Liu, Y., wasane, 2005) Jalaiaue
WAL “transaction-weighted utility” (TWU) aziuauszanavesainulsylov
ﬁawmaaﬂizqﬂﬁﬂ%’ downward closure property fidsanansadensldsi

deuii 20 mmu‘zjs meusz/mmmzézmut mwmammmmﬂs ZH%’U?/@WO??E/H??‘VI
Usinglunsiuuendu t, amnsaAmiauasunuagayanval tu(t,)= 2 e ulpty)

#aeg19d 4 Amunligiudoyauszneusie 10 nsuuendy Tasfisionisiuandisiu 8
$18M15 wandlun19edl 3-1 uazaArauUsylovivendazsenis wanslunsed 3-2 @
AuUIlaguvoImMIIULYNTY t, = {a(2), b(3), d(13), fi2) awnsaawialeaidu tut,) =
ula,t,) + ulbt,) + uldt,) + ulfit,) =4 + 9 +260 + 50 = 323
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deuil 21 A7 TWU vouems18m15 X lugiudayasignis TDB viduaussuianaisylovd
Y09 X MNAINKATINYOIM AU lsvvaannnsuuenTulugIudeyasienis TDB 1l X

U354 aI0159AIIMASUNUR LAY aN Yl TWUX)=5, ep x & tulty)

Aa819 5 1NFIuTaYAlunTIT 3-1 waransanuUsElewdn 3-2 L5sdunaladnige
578115 ‘ad” Usnglunsiuwsndu ¢, was t; Ay AUssuanulseleviveuensiens
‘ad’ Tugrudeya TDB awnsadualdilu TWulad) = tutt,) + tu(ty) = 323 + 28 = 351

Nyt T1en15 X Iag dan TWUX) desninardawuinauseleyingdn
gy linnguilesinves X daA1nuusslovidosninArlauwusnussloviaiauiu dely
L31AU13ARANITHATUNLRATIBNT X wazyniens1en1snduguiuesienuedsionis X oan

a v A PR ¢ a
91NN IALER997N LHRI18n15 X kasniensneni1siiduglivesiunves X azdlan
AnUsElevitey
wreg1absiniu TWU vesguwuuniley asfualszunaunmuselogindauinnd
Uszananulsyleviaseraudnenn annwmenat1edy (Liu, M., kae Qu, J.F., 2012) ladnAu

a A o fala ) a v a YR & a
LwIRNAAgI AU USElevuninunsedu @alndfesiumnuyselenias
11NTUL)

il 22 Amualy > uanedsaiavressIgnIsluensiens | 1G9 i, <i, <..i nu1eha
579015 i, agludrdunountnsens i, kags1ens i, agludidunountisenIs i; wag
518M73 i, Wusenisluddvgaring

deruil 23 prnulseleniadiunas (remaining utility) veuwns1en1s X lunsiuuendu
MNAINATIYOIR ARl YYe YN TIeN TS INglunsIWaN T t, UagsIenIsima 1Y

ds18unainin X amnsafiusamazunuaieaganval ruXt )=5, et x<i U0t
J ’ J

o ' o 1% a ! ¢l Y o w

A98199 6 ANFINTaYAtUNITIN 3-1 kavasieAinuUsElevln 3-2 dda1duvessenis
wanualu a <b <c <d <e <f <¢ <h Arnulszlovidrundovonuensienis ‘ad’
Tunsruwsndy ¢, awrsadwalidu rulad, t,) = uff, t,) = 50

deuil 24 mMpaseleviaaumdovesnsienis X lugiudeya TDB vxidunnasauvedn’
AuUsrlgviaumaeveasnsients X lunnnsiuwentuid X Using a1ursonuinuas
unumgaganval ru(X)=> ., Epx e UX L)

A298199 7 2INF1UTLaA1I 19N 3-1 wazn1s1eAAaUsEleviln 3-2 Araadseleyddiu
WA UYAII8NT ‘ad’ lugIudeaya TDB arursaduinlaidu ruad) = ruladt,) +
ru(ad,t;) = 50 + 0 = 50
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deuil 25 m1YszanaunulsylondiuunsedureuensIenTs X lugiudeya TDB axidlum
HATITENINMIAUUsEleraTevenanTIenIs X AumnalselovilauiiasvedanTignis
X lugudayasients TDB armsof uaaiazunualgdgyansal toulX) = ulX) + ru(x)

A1a8197 8 IMINF1UTELAN1I1N 3-1 UazasieARaUseleviil 3-2 ArsvanunuUsslevd
LuunNsEdUTRERIIEns ‘ad’ anunsaanunalaidu toulad) = 286 +50 = 336

o a Y v v a ¢
AANINAUNT 1A ULIIEN5052U LA GeRI18n15 X dAUszananuUsslev
LuUNsEtutaenitAUnnuinuUselesiudl wesenis v Iaiieainnssiuiuseninwee

(%) (9

518715 X UAE519M15 7, 1n ¢ ffddundan X nanfe ¥ = X U i; szdlenaUseloviides
ninAdaudsnaUseleviliae

NnbUIAALar ety aunsadislianneuliglianiuguean1siansaem
emsfidaguuszlevigdld wiegnslsAnuiienisiansannisuingegidliaiiae
sufuAnulsylend aphlidgmnisfuniensonsifidaudssloniguazsnglsl
aviiauoanusadeildded

deudl 26 195798075 X viduensienisidauninadsslovdguarusngluasinasen
salile X danaselend ux) liloenamiauvsnasslevdiiglanmun (o,) uaz X dm
AIMA A ¢ uInnAI TN INaNNFNETIELYT 1R (0,) TIELEN191A

3.2 %gumauﬁ%'miﬁ'naua HUIIM wag Efficient Pruning technique

MUATud Lduaued uneudt 99 071 “High Utility ltemset with Irregular
occurrence Miner, HUIM” fiansnsadumsuuuuiifianauussloviganazusingesialsl
alaneanguteya aeldrdanuuszlovifigldiivun (o,) wazAdaulinuaiiae
figldrmun (o,) Adeistaginseudeyanngudoyaifiosndaior Tnsagvinisduin
wazdaifuanuusylonivean nauwsndulugrudeyalilu twiist uenaindu HUIm
UszgndlduunanAiussananulselosd wazassnanulssloviiuunsedureaguuuy
lun1saaneuligianiugvenisiansansliuy waznisldlaseasidoya “New-modified
Utility List, NUL” i lsu§udsslmiiiledaifud ey ansneiasirfunsiuuendunsonduen
AMUsElevUvRILAALIIENIT wonanimadelnfiendn “Efficient Pruning technique”
gnoanuuuanlditu HUIM iewfiuUssansnnlunisduanuas Sonduneuds HUIM Aifinng
Useandly “Efficient Pruning technique” 31 “Efficient High Utility Itemset with Irregular
occurrence Miner, EHUIM” ansnsafumiguiuuiidagauselevigaazuingegialsl
ashianonngudeyaenslsedieiussansnm

3.2.1 lassadradaya New-modified Utility List (NUL)
laseasnadoya NUL v049051801T X wileq avUszneuludedadues d-tuple fia
<p, ulX, t,), rulX, t,), up(x; t,)> 7179 1) p flo nurBE@INTIULENTUT TIgRveITIENT X



33

Using 2) ulx, t,) Ae ApuUsslevidvenensionis X lunsiuwsndu t, 3) rulX, t,) Ao e
Aalstlovddumievonansionis X lunsiuwsndu ¢, uaz 4) up(x, t,) fie Anudselovl
¥84 prefix items Y8IN518N15 X lunstuusndu t, (prefix items Y0u9n5IBNNS X Ap L9

Y9WNT18N5IUEATIENTT X onLiusiensgaing fegradu Awunliensiens X = £,

s 1, 1} prefix items YBUBATIBNNT X azilu X -/, = {iyy o i)3)

feEineil 9 AsaensI8Nng ‘ab’ AT egIuteyad 3-1 wagassinulselowii 3-
2 1wn318m1s ‘ab’ Usinglunsiunendugiudoya fe t,, t, uas t, @wnsaasis NUL™ e
Ju f<1, 13, 310, 45, <3, 12,0, 65, <5, 8, 20, 2>} Wnsflaundndusiunsnues NUL® Using
Tunsruwandud ¢, wasienns ‘ab’ Saandsglend uladt,) = 13 Aauusslevidumie
ru(ab,t,) = 310 wavA1AuUsEleYdveII18N1T prefix up(ab,t,) = ua,t,) = 4 #15UN1T
AusalunuaRy

Q{I v a v v ‘:{'
M1399 3-1 grudeyasienisiuszneulumenneaunsunsnduiaziensien1siusing
TunsuugNFUNITILILYDINITUTINY TUTVDAALTI8NNT

nEINIIUENTY (tid) | lwnsienisiusnglunsiussndy

(a set of items or an itemset)

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

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

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

O NN | PR~V DN

= ! ¢ !
$135199 3-2 G]'ﬁ’Nﬂ’WﬂﬂJUi%IEJGUUGUENLLG]ﬁ%i’]EJﬂ'ﬁ

3197 a b C d e f g h

maulsglevd | 2 | 3 4 | 20| 2 | 25| 5 | 3
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3.3 umaws HUIM

Fefinananludnedu Suneuds HUIM IiUssandumAnanuusslovidumde
uazAsznunnUsloviluunszduii evinnsaaneuUIgfiaanus uanNINLUIYINT
Useyndldlaseasatoya New-modified Utility List Lﬁaisﬂumif{i’mLﬁuﬁayjaﬁa’gﬁ’uma
U'ﬁ’mg‘iﬁummgmmwﬁm W%@Mﬁﬂﬂmﬂiﬂﬂ%ﬁ‘dmgﬂLLUU‘S‘IJ"‘] fusnglunsmusnduniag
sgwiadumEadns HUIM foannssiugrudeyaliviefissnsuden nedunouds Huim
i 2 fumeundnlunisdamuadnsae

1) M358Uda single-item fiusngeesliamianeuariiauszanunulsylovigs
agyhmsaeiuliideldiiumenisuasionvesmensitinuantidiedu (3endn HUI-tree)
Taensseyfsnonsfivsngliasiiaueuazauszananausslonigs ainnseugiudeya
nilindsazgniniiulilulnungnues R 909 HUlktree Tasi3ondunoutiin HUIM-DBscanning

2) MIRUMIHAENS AN HUltree Aad1sdulutunounsn Taaidondunoudn
HUIIM-Mining

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,) « Zijet,, u(i;,t,) and collect tu(t,) to tuList (t,)

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

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

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

10: update TWU (4 ;) <— TWU(% ;) + tuList(t,)

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

120 if TWU(4%) < oy, then 1 | pruning of
L for each entry e = (p,u(ix,tp),0,0) in NUL** do i low-utility
\ |
! |

14: update tulList(t,) < tulist(t,) —u(ig,tp) items
15: remove the node of item % out of HUII-tree

16: create a new tuList called temptuList and copy all entries of tuList to
temptulist

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

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

19: temptulist (t,) < temptulist(t,) —u(ik, tp)

20: ru(ig, tp)  temptulist(t,)

21: update entry e = (p,u(ix,t,),0,0) to be
e=(p,u(ix, tp),ru(ig, tpy),0)

22: u(ig) < u(ie) +u(ip, tp)

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

24:  if u(iy) > o0y and r(iy) > o, then

25: HUII < HUII U 7y

a & \ 9 A ¢ ' !
AN 3-1 wmaumamugmmauﬂaL,Lazizqi’lamiwumam"diﬂaﬁuugaLLazUﬁﬂgam@im
AnEND
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(%

FawansseazBenlunng 3-1 “HUIM- DBscanning” Gﬂ”umumimuﬁ’msaaua W
Fuainmsadmievesiiuiinuisanudilunisdafudoyadosdudad mrmaiw
“transaction-utility list” (tuList) fafazdvuiaviiiudnunsuwenduvesgiudeya il
THlun1sdmfiurmnalsslevdvewnnauusndulugiutoya (N15a$e tulist zaunsndie
andruauasluniserunsunenduld) andurnisadslaseasiedulsl Hulktree was
ANUAlIUAIIN R LAz mmiaiw‘[wummmuwmusuauaLma 319015 J; €/ Wazimuald
Julvungnues Rimamaﬂmmzmsﬁﬂﬂmﬂ 5 doya fil 1) u(i) Ao maiammﬂmﬂiﬂaﬁuu
09518013 /) Tunnnsuuenduiill | Using 2) rul) fe nasauAnaUstlomidumioves
3189017 QIunnmwummum i Uing 3) TWU(i) e AUsEIuANUEleYveY j; {90
waTIvedAgaUT MmN UL Fuidl i, Usinglugudeya 4) () Ao AAuaLaLaYed
\WAT18N1T ; 5) NULY fe Tassadadoyaiildifuteyanisusngluuasarandsslovives
ERCGUE
lovinsaavdesssituiinineeudiade ansiiniseudeyausasnauusn
Tu t, ETDB W ovnseuuainuUsgloninsunsndy tult,) @snsafwIalaann
tulty) = 2, & ulit,)) wae zdnAulilu tuList(t,) MntufiasuusazsIBnTg i wﬂsmgﬁuu

1u‘1/|3’1uLLszmsuu t, Tnglun1sfiansanagyinisduaaanyadiale () (@ansaduale
90 1) = max(r(i), p - @) wazymsAwuARudsElond ul,t,) @Ewnsasuuldan
uli,t,) = iuli,t,) x eu(i)) udrdaniulilu nuLd feglugunuu <p, u(i,t,), 0, 0> 9ntfurin
nsdwanaUssanaqausglovd TWUG) @wnsadiuialdann TWUG) = TWUG) +
tulist(t,)) uazdnuiudoyarianualilulnungnues B 19 HUI-tree

Fevinseudeyansunnnsunendu awinsaseaeuaUszanmnaUsslovy
VDIUARY (ﬁLfJuIMumaﬂsuaq R w83 HUI-tree) TaggindnAssananasslond TWUG) &
ﬂmasjmmwmwmmﬂiﬂmumsi‘lsummm 9¥91IN15AUTILANT j; 9BNAINATNINTAUN
(ManBLve, 31815 ‘mJmﬂszmmﬂmﬂiﬂmuuaamwmwmemﬂiﬂ%umﬁ%mmm %
liguiesionves i A auusslovddsenitAaudsguusylovdmeituiu 1samnsa
mmiwmsmmami/ ey Lsmi’lﬁm’ﬁﬁ/lL‘UWU‘ULUE]iL“UGI“UEN aaﬂmﬂmiwmimﬂm) Lol
athalsfiny feufiazausiens i aaﬂfmﬂmi‘wﬁmzmmmmaamwaumﬂmﬂiiwwaaLm
aznIIURINTUT 518013 ijﬂmﬂg Lwammsawauﬂwizmmqmﬂiﬂmu Tagvinnng
fiarsanudazaudnlu NULT Aigaddnvanidu <p, u(i,t,), 0, 0> uazyinnsanneaual tult,)
wammmﬂu tuL/st(tp) AI8AN u(/,tp) ey Luammiwmimmﬂamwﬂu NULY 3uasuLan
LMIN1TAUT DY AN INUAVDY | waﬂa}mﬂuaaiuiwumaﬂmaq R ¥®4 HUl-tree 88nann

RUIBANUI WAL NITNATUNLA (‘Uiiﬁ/lm/] 11-15)
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nEnausensidaussnunuussleniin duneuseluagifunisdiuime
AnUszlevidiundoludazaudnly NULT safisinsduamaanusslon ul) wae
vimsAnAnaUstlenldnmde ) (ussitad 16-25) msduamanausslen
druwmie 95u31nase temptuList wasrualiuday entries lu temptulist(t,) {1
WinAU tuList(t,) Mntuinisiarsandiagsionis ij(mﬂﬁwﬁwaﬂiwmiﬁmwﬂ'awﬁ’]
La7) wazyhnswansuuiazandin <p, ui, ty) 0, 0> Tu NULD wdavhnnsswanan
aauUszlovidvemsiunendu t, A gndnifveylu temptulist #ae temptulistt,) =
temptuList(t,) - u(i,t,) \ieaznsuiisinalselovivemnsenisitogluddivdaluan
519713 J; Tumsunendu t, Fasin temptulist(t,) vasanswnnazusneiisainalsslovd
daude rulyt) lneiflensiufisdrdenaniuds avvinissmanusazaundnlu nUL @
Nsanlisianlu <p, uGyty), ruyt,), 0> wazyinmssmananuusslond ul) Ao ult,)
uagArnuUsElovddnmde ruG) e rulyt,) audidu ndanfiarsuynaindnlu NULD
sy daalstlend ui) fahitesnitadauimausslondiigliimun wazany
aviiawe () inniAndauisnnuaiianefigldimun «HUIM-DBscanning” azvhmssy
wazdmiusens i Indusuuuuiiiinuussloniguarusngedidliainate uardniiy

srenseanalilues HUI (USSiafi 24-25)

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

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

2:  if (tou(ij;) < w(i;)+ ru(s;)) > o, then

3 for each node in HUIT-tree with item i, (where ; < 4z) do

4 NUL%*"% ¢ intersect (NUL®/, NUL*)

5: calculate 7(7 ;3%), w(%;%%), Tu(%,%%), TWU(4 ;1) from NUL®s**

6 if TWU(4ji%) > 0oy then

7 create a node of itemset 4 ;i with r(4;4%), u(i,4%),
ru(ij4%), TWU(Z ;1) and NUL“7** and then set the node of
i ;1 to be a child of 4 ;

8: if u(i;4x) >0, and 7(%;ix) > 0, then

9: HUII < HUIT U4 2y

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

11:  if item ¢ ; has more than one child then

12: MiningAIIHUII(HUII-tree, node of 4 ;, oy, o)

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

16: for child node of X with itemset Z =X -1, do

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

18: NULY « intersect (NULY, NUL?)

19: calculate 7 (Y2), u(YZ2), ru(Y2), TWU(YZ) from NULY?

20: if TWu(Y2) > o, then

21: create a node of itemset YZ with r(¥Z2), u(Y2), ru(YZ), TWU(YZ)
and NUL ¥? and then set the node of YZ to be a child of ¥

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

23: HUII <~ HUITUYZ

PN g & Aa ¢ ' o
A9 3-2 JussunIsIULUUNIIRiaAnUsElesigwazUsngegndliadane
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1Y) & ! v g & v a 1Y !
NS URBUNITB U INT Y aLaT AN 15198la HUI-tree N1ussluseumaz
A ¢ & ! 1% A

srensndalszununulsslovige TunsusaliasidunisAuniaasienisidan
AuUsglevtganazUsngegliainanevianunan HUlk-tree Nas19au (Fakanisieaziden
Tunnit 3-2) Ingluduusnves “HUIM-Mining” azsdunisAuniansiensiidainalsslev
gakazusingegtliadanefiusenauluaie 2 79015 (VTN 1-9) laslsuduINNIS
W1 nanIzs1en1s j; (Midulnungnues R v HUI-tree) LagviN15AsIadoUA "
AuUsglovtdwuunsedu toul) = ul) + ru(i) 109318013 J; 61 tou(iy) fiArmnAIATaLUS
Aasgloviigldimun agvinnssusens i ddunens i fegluddudaluainsenis
j; ireas1ensiarsiens1ens 4 i antwihnisdumesiondu NULT fu NULY dndaeri
ierimsdaLiudeyan1susngiu Arnalsslewd wasanuusslosidiumiodmsunsiu

wondunileq flansiens i Usng nimnduneudumesienduaiadu snagld nuLlk
YeuwnsIens i, Aazawnsald NUL fenanlunisiumeiaudsylend ui i) f
astlovidaunde rul; i) Aussinanastlent TWUG i) uazapwaiuase ri i)
ndanAnuAnulsElevd AauUsslevddiunde Adssanunulselevid A
PwELLEND YRUTRSIENS “iii, kdaznsnsIsaeuAUsTnanaUsElwd TWUG, i)
&1 TWUG; i) fannninadaudsastlovdiigldimun szhnisaiiaensienis <
nFouvisdoyarimuaiiiAsadostumasionis i lilulnuagnuessionis i wazvinns
nsanaeuAnaUselend u( i) i lidesninAdauunausslonifglismun uazedn
Avwasiane 1 i) 18 snnnirandaudsanuasiianed flddmun funouds “Hum-

Mining” azvihmssyyineasiens .7, ndugiuuuiiiinausslonigdaeysingedlsl
adnauouazyiINTIALiUEATIENS ‘i7i T HUI Tagndaanyinnns9imsnens 1y
1813 j, Wé FunouseluvhnisTusenis i hiuseng g flogluddudaluainsenis
i, wazaALIUNTALNTEUILNTANN TG WevinsTiusens i ihfunnlnungnues R
189 HUI-tree ianun 1519818 Tnungnuesiens /; fiussglushetemsenisiiusenouludoe
2 19075 waztduwnsenis Husienstudu wazviinisauginisieuniudifures
srensfiduaunfnuonen | auasusionun 1519918 HUItree fiussludeiensenis 2
$18m3 AleUszannunulselovigs

n&a9 a3 HUlktree iussgludsiensionts 2 sen1sviavan dunouseluas
Junisdunmiensien1siivinnda 2 518013 “MiningALLHUII” (Uiiﬁmﬁ 10-23) Tneisuusn
vhmsfiansansienismudsiu i, ildwulwungnuinnndi 1 deluaginisitansanuuuibes
ANEUIAUAQNYBITNANT J AB { T, T, . iy} wagYINIATIRde AU TENNL
aaiUsglowduuunszdu toul, i) dunnndradaudaiglifmun asshnissamensionis 4

i Wniueesienis i) fegadudaldainiienis i Wieaiianisfiansauiensienis
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Gl WA EUT URBUTINTIBNS EYINITNTIVADUIIENITAAN1EVOILARLLYATIENS
IMSTFATNIVOILATIENNT 77 7D /) WaTIUNTEAYINEVBUIATIBNNS i AB RIBGER
N15MATUNUATRUTATIENT ‘i) waEWIN15ATI9d0UlnUATBLYRII8NIS i Tu
lasaaing HUI-tree dlaiflvunvesiansignis ‘i i) Aawsananalddnensienis i i
Huasiensiifiannaseleiin uavannsadawensions i i oenanmsiarsanls
Tunspssdudillwunveawnsionis i lu HUI-tree agvinnisnisdumesisndu NULYk
fu NULT iievinnsdaufudeyanisusingiu Argausslend anulsylenidumde
dmunsusnduniegiwnsonis G i Usng nintuneuumesientuasadiu i
aglel NULHC A azanunsald NUL fenanaluntsAuamdaadsslond i) A
Aasdsglevddvde rul i, i) Ausvsnuaasglovd TWUG i) LazAANNAL AL i iy
i) vasnAuIuAInuUsElevd AnuUselevildiumae AussanunuUselevd Anu
auiae eNTIENS ‘I i wavzvimsnsdeuaUvsnuRadsslewd TWUG i i) ‘1‘7{
Fednfianunnninadautsauuszlevidagldmmun “MiningALLHUI” azvin1saiisen
eHELREI A W%@NﬁgﬁagaﬁgwmﬁLﬁ'm%’aqﬁ’uLsamwms ‘i iy lulvungnaessenis
‘il wagvihnsnsaaaeurnmUsylowd ul i i) fgechilenlaidosninddautsnausslowin
qldimun uazAmmaiae iy iy) fgafiamnniredautsnuasiiane Tuneuis
“MiningALLHUI” a¥innnssey 2 was1ens ) iuguuuuiidangaussleniguas
Usngegililaiane uazdaiumasenisianaialusn HUI

dlevhnsTsenseng AN ELi A \3aAu Funewuds “MiningALLHUI 2z
sflunssaunsients G Wiy i, ignusslilulruegnuessients j luddiunds
vouwns1ems “i.i; devinssusemsiifugnsents erldlungnuessionis i
fussglushensensiiusenouluiie 3 s1ens wasduisnsioms i, Sudu andues
vin1snsaseuTuInensiensiussyedlulvuagnuetsionts i’ Ssdnddiuauen

S78N1TUINATT 1 AEVINITIUTINITFINUN DN LRI IN1SAUSENaULUME 4 5718015 Tag
ANSAWLUNITIEA WL UNITHYURYINUNITNIANTUNINTIENISTT UINATT 2 578015 (@IUVD9
MiningALLHUII)

3.4 wWAldA efficient pruning technique

Mneazdoalunnduneud 3-1 38013 HUIM a1ansoaanousauTenisi
Fowhmsfissanlsd :nmsnsiaseudszanaUstlomiveusarsients TWUG) 71
fevszananasslevifiddosninadaulinulsslovdigldtmun agsihnisausenns
j; ©9N91NNITNAITAN (U3TAT 11-15) (MuBLWe, 518715 i lnqilen TWUG) deundinenin

wusnuUszlovlfiglimvuaua asviliguidesiwnves  fdqaudssloviddesninddauys
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AuUsylovdMmeiduiu Isansadnnsiiansansienis LLazLsammﬂﬁﬁt,ﬂusqﬂma%mm
YBIFTYNT | aaﬂmﬂmiwmimlm Luaamﬂiwmi Ay VgﬂLWiﬂﬁJﬂ’liﬁLﬂuwL‘Uai‘mmaq
~ ﬁ]uuﬂmﬂiuiaﬁauuaa) amﬂiﬂmumﬂmsamwmi aaﬂmﬂmiwmimﬁmmu AREGEN
51sti‘wumﬂizmmﬂmﬂiz‘[mumwmlulmmmia‘uaaﬂﬁ]’mmiwmim wmmummmq
vl HuM dadldandeudnsgslunsdunnensiensifidnudselomisn fomauail
1513aldvnsinUsEansamnisAwInes HUIM taenisiiuwmeadaludiidendn “Efficient
Pruning technique” §noaaLuvUIazUTy &Jﬂmisuﬂu HUIM Tae13en11 “Efficient H/gh
Utility Itemsets with Irregular occurrence Miner, EHUIIM” Imﬂu%umumiamwmi
mmﬂizmmqmﬂiz‘[ﬂﬁuumuwmmamﬁ HUIM (nwdumeuil 3-1 ussviail 11-15) %gum
wnuiigae35nsIvl “Efficient Pruning technique” Suneulassioazidenaznaidludiu
RN

Algorithm 3: Efficient Pruning technique

Input: HUII-tree, 0, o,
Output: HUII-tree , HUIT
1: create a list named TUL and initial the first entry to be 0
2: create a list named LU with |I] entries and initial all entries to be 0
3: initial NLT < 0
4: repeat
5:  numChild < the current number of children of R
6 for each child node of root R with item %, do
7 if TWU(%y) < o, then
8
9

NLI <~ NLI+1
TUL (NLT) « TUL (NLI-1)
10: for each entry e = (p,u(%x,t,),0,0) in NUL** do
11: tulist(t,) < tulist(t,) —u(in, tp)
12: TUL (NLT) < TUL(NLI) 4 u(ix,tp)
13: remove entry of item <, out of child node of R
14: else
15: if (TWU(% ) — (TUL (NLI) — TUL (LU(%4))) < 0, then
16: TWU (%) < O
17: for each entry e = (p,u (%%, t,),0,0) in NUL** do
18: TWU (4 5) < TWU (%) + tuList(t,)
19: if TWU (i) < o, then
20: NLI < NLI+1
21: TUL (NLI) < TUL (NLI-1)
22: for each entry e = (p,u (%%, t,),0,0) in NUL** do
23: tulist(t,) < tulist(t,) —u(is, tp)
24: TUL(NLI) < TUL(NLI) + u(ig, tp)
25: remove entry of item % out of child node of R
26: else
27: LU(4y) < NLT

28: until numChild # the current number of children of root R

AN 3-3 FuURU “Efficient Pruning technique”
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Fananslunnd 3-3 Guzumau% Eﬁ/aenf Pruning technique” 93UAINN15AE9
vipveaiuiimieanudrlunisdafudoyaidedufio 1) dad “Total Utility of Low-utility
itemsets, TUL” ldlumsdaifiunasiuvesmenisidanulsslovii way 2) fad “Last
Update, LU” fldlumsdnfunssmandiuiusevadsgareveusazsents lasimunly
uAvesdaddvuiawinduiiuiusienisiugiudeya uag 3) dawdsduand “Number of
low-utility items, NLI” fldfusnaumensifidaausslomniin Guduilidwviiiu o (ussie
7l 1-3)

funouseluvhmsfintsanianizsnenis j; (Mdulnuagnues R ves HUItree) uae
vihnsasieaeuAUszananaUstlevd TWUG) Adsirfiandesnindrdauysnulselovid
Jldivue (Ussvind 7-13) ﬂ"] NLI aggnifiudndu 1 uagviinisrivuaa TUL(NL) Tvidan
Winfudn TULINLI - 1) 9anduagynisausienns | j; s8nanmsfinnsan wsineufiaziinig
auTIeMs fw‘vﬁmiaWmaum@mﬂiziasuﬂl,wiagmmmﬂwmmwmi i; U5ng) lawyiing
farsanwsavaundnluy NULT ATadidnuwasiu <p, u(iyty), 0, 0> insaANDUAT tulist(t,)
A2861 ulyt) @nsaeuraleidu tlist(ty) = tulist(t,) - ul;t,) Lagyin1TenLANA
TUL(NL) 97881 uli, i) ( (@u1saawInlaain TULINLY) = TULINLD + u(i, ) W oviinng
finrsamnandnlu NULY aunsuuds agyhnisaudeyaranuaressienisiigndafiveglu
nunganuesd R 89 HUItree 98NANMUIANNIINALNITHNTULG

wiegalsfiniudirussuiunudselovd TWUG) fauinninadany
Aauselowlidldmvun (Ussindl 14-26) azshnnsusznadinsnglasay TWUG) fae
nasmvesAInuUselovivessonisidainuusyleondsn TUL @ursaruialdain
ETWU() = TWU() - (TULINLI) = TUL(LUG)) (1@ ETWUG) Ta1uinadiandauy
astlonfigldmvua isaunseaglliinsens i o {]ﬁ]ﬁmumus'}amswmmﬂmﬂiﬂaﬁau
2 dnlalimuriy TWU() azfpagnauanilul Immimmmmmlum TWU(i) = 0 9ntusih
nsRsaudaudnly NULT 7 dnvasdu <p, u(i, t,), 0, 0> LagyinNIsATWIAT
TWU() e tuList(t,) (@snsafuanlaain TWUG) = TWUG) + tuList(t,)) lagnasainyin
n1sAUINA I TWU(G) \@$2d u agvnIngIaany TWUG) drdeuinndiadany g
aseloniigldmvua azvinnisdwan LUG) Whwinfu NLI nanafte (LUG) = NLD diteduiin
seunsRiansnAfsanineressonis i usidn TWUG) YeendnAndauynaiuszlevifield
AvuAen NL/ azqufi ua1du 1 uagan TUL agld$unissman uagvinisaanauen
aastlevdidasysuuenduiiisens ; Using neufisnenis i szgnaudoyaiimuneen
MnmheANIagsisanld nsfinnsanuiarmensargnine uasdunoudazduae
awnnlifisienslafignaueenain HUl-tree
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3.5 faetauneuds EHUIM

fvunld 1) grudeyasenisusznauludne 10 nsuuendudsuansluansieil 3-1
2) Angauuszlevivessonsviadauandunssi 3-2 3) Sduveasnstenisfioganels
PUWANIINTUI Ao a < b < c < d < e < f< ¢ < h 4) Adiauwdsanlselevi o, =
40 way 5) ArTautsnnuaiLaNe o, = 3 AUEIRY msﬁ”umtﬁam']aﬂﬁﬁﬁm@mﬂida%ﬁ
E‘NLLa‘“Ui’]ﬂQVL@JmﬂLﬁiJa@?EJGlluGlE]U’Jﬁ “HUIM” anansouandlaa

YunoU “EHUIIM-Scanning” (muamwaawamiumwm 3-1 hay 3-3) 93151910
nsadavieresiufiniisanudlunsdafuteyadowiu Adeginisadisdad twlist
Tnefivuawintu 8 uinazidusiuiuresuusndulugiudeya) uenaniazyinig
asalassasranuld HUI-tree Lﬁaﬁmﬁm’mmi lnausiazsensazgniniulilulvungnues
Rimjmavl‘lﬁumﬁﬁﬂﬂma 5 Guama mu uxX), ru(x), TWU(X), r(X) uaw NUL"

dlovhnsaieterasiuiiviasausiade uneuds “EHUIM-Scanning” aw¥hn
nseuudaznulendulugiudoyaiileduangausslond TneSudunsuwendu t, =

{a(2), b(3), d(13), iz} vilevhnsdnnaeaausslewd () = (ulat,) x eu(@) + (ulb,t,)
x eu(b) + (iu(dt;) x eu(d)) + (iu(f,t;) x eu(f) = (2 x 2) + (3 x 3) + (13 x 20) + (2 x 25) =
323 wazgdnu tult,) T tulist(t,) mﬂﬁ?uﬁwmiﬁmimLwiazanamiﬁﬂsﬂﬂg%ﬂum’mmm
Hu t, wagyn1sdwian NUL 1edudaesnenis ‘a’, ‘b, ‘d’ war F Budesents ‘a’ ¥inis
Swian NUL® Feanidinaziusndng azgndwmanidu NULT = (<1, 4, 0, 05} Fsusuenlei
$19n15 ‘@’ Usngdulunsuuendy ¢, 18daaudsslenivindy v, t) = iut, t) x
eu(a) = 2 x 2 = 4 (e, Togalu tuple Asnanlu NULT azdalaildvinnnseuaan
AuUslo v ndeve9s1enT ‘o’ wags1ens ‘@’ Wusen1sideaidalidl prefix n3e
parent iterns FwileAly tuple 7i 3 waz 4 fandu 0) wazivuasiauadiaws ra) =
max(fry ) = 1 gavingvinnissmandUszananalsslesd TWU(a) = tu(t,) = 323 sauanslu

AT 3-4

c d e f\ g h
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
[<140,0>) | [(<1.9.00>) ]| - | [<1.2600.05)] | - | [<1.500.015)] B i . |

tuList
‘ tuty) : 323 ‘ tu(ty) : 0 ‘ tu(ty) : 0 ‘ tu(ty) : 0 ‘ tu(ty) : 0 ‘ tu(te) : 0 ‘ tu(ty) : 0 ‘ tu(ty) : 0 ‘

‘:1' ' v o A v
AN 3-4 E]’lu“UQEJUaVIimLLGUﬂGUUVI 11‘14!55']146[]@%@
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AolUaEYiN1TEUNITIUNBNTY 1, = {c(1), e(d), o(1), h(2)} W BYIIN1TATLIAIAN
AU selavyd tut,) = (ulct) x eul@) + (iulety) x eule)) + (iulgty) x eu(g) + iulht) x
euh) =(1x4)+(2x4)+(1x5)+(3x2) =23 uazdanu tult,) lu tulist(t,) Nt
nsfiasuAazIIensT Usngd ulunsuuendu ¢, uagyn1sSan NUL 89uray
318013 ‘c’, ‘e’, ‘¢’ uag ‘h’ fidasusesenis ‘¢ vnisdwan NULS Farnduasduie
13 azgndmemidu NULS = (<2, 4, 0, 05} Bsvsuenlddrmens ‘¢’ Usngiulunsuusndy
t ﬁﬁmamﬂiﬂaﬁuﬁ UlCt,) = iu(cty) x eu(c) = 1 x 4 = 4 LagyMSAILIAIANELLELD
) = max(fr ) = 2 gavineviinsdweaanUssananudsgloyd TWUC) = tut,) = 23
mﬂuuﬁ]ummiawmmmmqﬂmqmumamami ‘e’, ‘g’ uag ‘h’ Fauandlunnil 3-5 mﬂﬁ?u

MNTBIUNTIUMINTY t5- LUV umLE S UL o e SR tulist uay HUI-tree
AILAAILUNINA 3-6

G
Y © 00w

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 {1,9,0,0]} H {(2,4,0,01} “{1.200.0,0]} H {[2,8,0,0]} H{ 1,50,0,0} H {(2,5,0,01} H {[2,6,0,01} ‘
tuList
[ #:328 [ w28 | @:0 [ w:0 [ w»:0 | w:0 [ &0 | ts:0 |

‘:1' ! 9 v A v
AN 3-5 a’]umayjaquuusﬂﬂsﬂuw 2 Iu‘iqusﬂajﬁa

=
©WwWoOwOWOE

0,0,387,3 0,0,363,2 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>,
<3,60,0>, | | <3,6,0,0>, || <6,80,0,05) || <5,20,0,05) | <88,0,0>) || <7,2500>)| | <4,5,0,0>, | | <7,24,0,0>)
<4,4,0,0>, | | <5,6,0,0>) <8,5,0,0)
<5.20,0>,
<8,2,0,0>)

tuList
[tu(t) 323 [ tu(t:23 | tuty:12 [ wu(tn:9 [ tu(ty:28 [ tulty :80 | tu(tp:49 [ tu(ty:15 |

AN 3-6 erudeyansunnnsukendulugudeya
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fumeusiolushnsnmageuaUsznunuUssleriveudaraenis feduneuds
“Efficient Pruning technique” (fauanisneazidealunmd 3-3) idazisuainnisadianie
sasfiufinheanudlunmsdaivdoyaidosiu Tasvinisasedad TuL THisuauaindn
diga 1 fawirty Tesanudndausniaviniu 0 fvuald (TULO) = 0) antfurinisassdan
LU Wil uauasndniisdu 8 sa@muawiiusuunenslugiudoys) waradsiauus N
Bugudawiiu 0 anuazyhnisiasansensusazsensamEiu e < b < c < d <
e < < ¢ < hlnglupauiduduasfinnsansionis ‘@’ wdawihnisiensan TWUG) = 387
uisheLesann TWU(a) snnninndaudsnausslenidigldimun 3shnsidounisiiansan
Udss1en13 ‘b7 udwhmsfinnsan TWUD) = 363 uidaeidesain TWUb) 1nnindida
wisnnUsglovifgldimun Seihnadeunisiansaniudments o udwhnsfiansan
TWU(©) = 103 widheiilesann TWU© snnninadautsgaussloviigldmmun Sevihnns
Boumsiansanlugasens ‘o’ udnihnsiiansan TWU) = 351 wiseidlesan TWU(D)
unnadantinalsglevifigldfvue Suhnsdeunisiansanludenens e udwh
n13fia1san TWU(e) = 38 fidsdiaiosnitdautsnuusslonifigldmmun fadu N gn
ey 1 uagvhnisadiedad TUL(L) wasriin1sausienis ‘e’ 8onann1siiansei ue
feuflazausens ‘e’ agvinisaanourmauusylovilunsuusnduiil ‘e’ Using Tnevi
nsRsawAazaudnlu NUL = (<2, 8, 0, 0>, (<8, 8, 0, 0>} Fsazuanldinsens ‘e’
Unnglunsiuueadud t, uay t, uagviin1sanneuen tulist(t,) #1881 ulet,) na1IAe
tulist (t,) = tulist (t,) — ule,t,) = 23 — 8 = 15 g tulist (tz) 9@ ule,ty) NANIAD tulist
(tg) = tulList (ty) — ulety) = 13— 8 = 7 WALNINISEWANAT TUL(D) A28A1 ulet,) hay
ule,ty) NANIAD TUL(L) = TUL(1) + (ulet,) + ulety) = (8 + 8) = 16 war3ainnsautaya
¥93518M15 ‘e’ fignamfveglulnungnues R ves HUI-tree sonaNMIIANNT LA
frsanld (Fauandlunmil 3-7)

ORONONON NONONO
0,0,387,3 0,0,363,2 0,0,103,4 0,0,351,4 0,0,38,6 0,0,372,6 0,0,47,4 0,0,72,5
(<1,4,0,0>, | [¢<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>, | | <3,6,00>, | | <6,80,0,05)| | <520,0,05)--<8,8,0,0>) | | <7,25.0,05)| | <4,5,00>, | | <7,24,0,0>)
<4,4,0,0>, <5,6,0,0>) R <8,5,0,0>)

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

tuList
tu(ty) : 323
TUL

LU

‘ LU(@) : 0 ‘ LU(b) : 0 LU(c) : 0 ‘ LU): 0 ‘ LU(e) : 0 ‘ LU : 0 ‘ LU(g) : 0 ‘ LUM) : 0

AT 3-7 Fiansiansansients ‘e’ 1l TWU likuandauusnalselov
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MnTUIzYAIRANTANTIENNS £ udWnsinsan TWUP = 372 figaunnnan
AUszsnnuUsglosdgldtinun 91ntdu EHUIM azvhnisUssanmauan TWUG) as1a9
PwAT TUL naname ETWU(D = TWU(f) - (TUL(1) — TUL(LU() = TWU() - (TUL(1) - TUL(0))
= 372 - (16 - 0) = 356 19 ETWU(P) 1nninArdautsnmdselosddigldmmun fadus
ansanamldingens f iusensiviagiimguussloigs u daglu

WEWINNITRTUTIENT £ wdraeinisideunisiansanludsenis ‘o way
yhmsfiasan TWU (9) = 47 fssnnniieuszanaanusslowdglétmun aandu EHUIM
28y1N1TUTEUIMAUAT TWU(9) AT19) A8AY TUL na1afe ETWU(g) = TWU(g) - (TUL(1) -
TUL(LU(g) = TWU(g) — (TUL(1) - TUL(0)) = 47 — (16 - 0) = 31 idsiia1asnina1dauys
Auselovifigldravun Tunsdiaut EHUM Sududesinnisduanen TWUG) vl el
I@anfiwiassmdanndinisauseniseanain HUl-tree tnenisaiuans TWU() Trslanunsavi
lamenisnsadeunsazaudnlu NUL nanfe (<2, 5, 0, 0>, {<4, 5, 0, 0>, {<8, 5, 0, 0>}
Faagnswldingens ¢’ Usnglunsunsaduil t, ¢, uay t; deAUszaunmUselon
TWU(g) @ransaanuwralaidu TWU(e) = tuList(t,) + tulist(t,) + tulist(ty) = 15+ 9 + 7 =
31 fidaldnfesnitAdnuvsnuusslevdffldimun Wed TWU() fooninadaus
AuUszlesuiigldimun 919013 ‘¢ Segnazyindunensfidauusslovs dadue N/
%Qmﬁumsﬁmﬂu 2 wagyN1Tas N TULR) waavinin1sswanal TUL2) windu 31 nanafe
TUL(2) =TUL(1) + u(g,t) + u(gty) + ulgty) = 16 +5 +5 +5 = 31 kagyiIN158ANDUA
andselominsunsnduidl o Using el nauusedudl ¢, t, uaz t; anmoue tuList(t,)
= AR Ulgt,) NANIAD tulist(t,) — ulgt,) = 15 - 5 = 10 WasaANOUAN tulist(t,) A8A1
ulg,ty) NaIAD tulist(ty) = tulist(ty) — ulgty) = 9 - 5 = 4 LATAANBURAN tuList(ty) AILAT
ulg,ty) NANIAD tuList(ty) = tulList(ty) — u(g, tg) = 7 - 5 = 2 UaIRWIINITAUTOYAVDIIIUNTT
‘o’ ﬁqﬂé’mﬁua@uimumqﬂmm R 989 HUI-tree 90nA1NUUIIAUTILALAITRAITULA
golUnisideunisiiansanludesiens ‘b’ wagRiansan TWUR) = 72 7183103
Auszananastlovdfgldimun EHUIM shnnsaavmeuUszanmuauUsElovivessens
ETWU(h) s qe@ 1 TUL n@ 1A' 8 ETWU(h) = TWU(h) - (TUL(2) - TUL(LU(h)) = TWU(h) -
(TUL(2) - TUL(0) = 72 - (31 - 0) = 41 ﬁ%ammdﬂm%LLﬂmmUiiasuﬁﬁcﬂ%ﬁmum Faifu
isramnsananldingents ‘h idusenisiunasiainudselovias o ﬁm‘uu suumau

Eﬁ‘/aenf Pruning technique” ﬁ]um%ﬂmmimwa’ﬁmﬁwma a’ 9 ‘h’ uay Guumuuﬁ]u
ﬁuammmﬂlmﬁ’mmﬂwmauaaﬂmﬂ HUIl-tree
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0,0,387,3 0,0,363,2 0,0,103,4 0,0,351,4 0,0,372,6 0,0,47,4 0,0,72,5
(<1,4,0,0>, (<1,9,0,0>, (<2,4,0,0>, <1,260,00>,]  [<1,50,00>,| [(<25,0,0>, (<2,6,0,0>,

<3,6,0,0>, <3,6,0,0>, <6,80,0,05) <5200,05) | <7250.0y [ €45.0,0>, <7,24,0,0)

<4,4,0,0>, <5,6,0,05) P 5,0,0)

<5,2,0,0>, T

<8,2,0,05) - T .

tuList 15-52 10 5 e 752

tu(ty) : 323 | tu(ty) 38 | ¢ T iy ) tu(t) 49 | tulty X |
‘

TUL

LU
‘ LU(a) : 0 ‘ LU(b) : 0 ‘ LU LU(f) : 0 ‘ LU(g) : 0 ‘ LU) : 0

AT 3-8 finnsiiansansients ‘¢’ A TWU ldinuadiauusnauseles

nEanvhnisiarsanauensiidalssanuauusslenii duneuseluasiiu
nsAunARaUsElevldumdeluwsazauBnlu NUL sadsinisiuinainulsylesd
drumdeuazanulsylovifiuiaiseudarsons lasiduduainyiinnsasne temptul ist
Tflvuaindudnunsussndulugiudeya wasivualiusavaundinlu temptulist() &
AV tuList) ntwhnsiarsanusassnentsidulnungnuesinun R Ty HUI-tree
TaevIn15MA15UII8NISAETU a < b < ¢ < d < f < h Taglun1siansanazisy
finnsans1ens ‘o’ Wusenisusn ansuwhnsasaudazaundnlu NUL = (<1, 4, 0,
0>, <3, 6,0, 0>, <4, 4,0, 0>, <5, 2, 0, 0>, <8, 2, 0, 0>} lngau"Tndusuusnves NUL® fe
<1, 4,0, 0> inn1s8wana1AUsEleyUNITURINTY temptulist(t,) = temptulist(t,) -
ulat,) = 323 - 4 = 319 \WeTlaznuiainuustlovivemnienslunsunendy floglu
fudnluannsenis ‘a’ Jeen temptulist(t,) NFINNITINARNINEDIRIR U sEleYla Y
waslulsaznsmuendu rulat,) = 319 wagyhnssmandeyasudui 3 Tu <1, 4, 319, 0>
wagdnanAuUsElevd ula) = u@) + ulat,) = 0 + 4 = 4 Apudszlevidnunde rula) =
ru(a) + rula,ty) = 0 + 319 = 319 anvuvimsiiansanaundnaisudalulu NUL e <3, 6,
0, 0> YIN5NARAIAUUTEIEVUNTIUMINTY temptuList(ts) = temptulList(ts) - u(a,t;) =
12 - 6 = 6 vaaanmsdnanf el selevddiumaslundagnsuuendu ruat;) = 6
wazvinnsananly tuple-3 Tu <3, 6, 6, 0> wazdnwanaAnUsElevd ula) = ula) + ua,t,)
=4 + 6 = 10 ArauUsElevddumae rua) = ru(a) + ru(a,ty) = 319 + 6 = 325 UagyinIg
swaanneaudntu NUL” auasu ndsannisswaniasasiazla NUL =<1, 4, 319, 0>, <3,
6,6, 0> <4, 4,0, 0>, <5, 2,26, 0> <8 20,05} waza 1A uUsslevy ul)=18a1
AuUszlevddaunde ru) = 351 #8991NATAUITIBNS ‘@’ L@SINED 9WINITRITAN
598M15 b’ ‘C, ‘d’, F wag ‘h’ fedEnswuuiientiu (Fafiwandlunind 3-9 wasenisid
Anaszloviguaznngendiaiaveiivuadudide)
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18,351,387,3 21,330,363,3 84,6,103,4 280, oO 351,4 75,24, 572 6 30,0,72,5

(<14,3190>, | [<1,9,310,0>,] [<24,60>, | [(<1,26050,0>,] [(<1,50,0,0>, | [(<2,6,0,0>,
<3,6,6,0>, <3,6,0,0>, <6,80,0,0>) <5200,0>) | | <7.2524,05)| | <7,24,00>)
<4,4,0,0>, <5,6,20,0>)

<5,2,26,0>,

<8,2,0,0>)

tuList
‘tu(tl) 1323 ‘ tu(ty) : 10 ‘ tu(tg) : 12 ‘ tu(ty) : 4 ‘ tu(ts) : 28 ‘ tu(tg) : 80 ‘ tu(ty) : 49 ‘ tu(ts) : 2

AT 3-9 nasneudeyannnsukenduluguteya

n&ntuneuniserugiuteyaiaiasagld Hulttree fussaludae 1 918013
Funousioluazndunsfumisnnensiifidnuussloviguarunngegidhiatiaueriome
90 HUItree #2835 “HUIM-Mining” Taglud uusn a8vinsduniensienisiien
AaUsglonigauazuingeddbiaiianeiusznouluse 2 19n15 Buanfiansansiens
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WMITWENT ‘o’ 1hAUTIEMIBuY 1afenihnisnsvaumUszananaUszleu
LuUnTEdU tou(a) ndanlitesninAndauysnuustlviigldimuaviels &1 toula) fien
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Bunswsens ‘o’ Watumenis b ieadanisfinnsanensients ‘ab’ anturining
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AnUselevl uab) = (ulat,) + ulbt,) + (u(a,t;) + ub,t;) + (ulats) + ulbts) = (4 + 9)+
(6 + 6)+(2 + 6) = 33 AAuUsEleYddMAD ruab) = rulbt,) + rub, t;) + rulbty) = 310
+0 + 20 = 330 AUssunuaaUsslesd TWUL) = tuList(tl) + fuList(t3) + tulist(ts) =
t3t5 ) max(1, 2, 2, 3)
= 3 Inendsnnstuneudumesisnduaiadu wagld NUL” = (<1, 13, 310, 4>, <3, 12,
0, 6>, <5, 8, 20, 2>} (Muneivg, Toyaludusuil 4 luudazaundnves NUL™ azdaifiuen

323 + 12 + 28 = 363 Arpudiaue rab) = max(ft , rt fs r

AaUszlevivessions ‘o’ i%afe prefix w30 parent item YBaATIIAT ‘ab’ LileviNIs
muanduouian) MntuinisnsasdevaUssanuaaUssled TWUab) = 363 dadien
unnIAdautsgaselovifigldimunviolsl daszananastlowd TWU@b) 1nni
Adauisnaistlowdfigldimun awinsaiaensens ‘ab’ wasdaiu Anaselowd
Anuuselovidumde Aszanunuusslovd aamaiiane uaz NUL™ Wlulvuagn



a7

Y9978M5 ‘@’ MnTuhnsaTnaeuanmUsEle ulab) = 33 TdalitesnitaTaus
Aauusglonifigldimuaviel wazAmmasiiane ab) = 3 MfldannniiAdautianiny
atnaeviol AW 2 Reudradu HUIM agvinnsssyuazdafiuens ‘ab’ Tudulen
srensfifiaguUszlonigauazsngetidliasianedsgnaafulilu HUl (e
$18m15 ‘ab’ degausslend ulab) YesniAdauvsnausslovigldmmun wazaiainy
asLane rlab) Yeuninadautsnnuaiianedgldimun Seldiduisnsionisiden
AausglomigauazUsngesisliaiane) delumssinsens ‘@’ Wifusonsc iile
a519n15M15UINTIBNNT ‘ac’ wazvinsdumesisndu NUL” = (<1, 4, 319, 0>, <3, 6, 6,
0>, <4, 4, 0, 0>, <5, 2, 26, 0>, <8, 2, 0, 0>} iU NUL = {<2, 4, 6, 0>, <6, 80, 0, 0>} Umlu
FULBYATINTS ‘@’ Uag ‘C’ laiAndusaniu fafu TWUlao) = 0 9nduagyiinismnsenis
‘@’ WAUTIENIT ‘A, F uag ‘h’ aNaIRY Ao 1TINNAY

n¥anYiin1sTwsIens ‘o’ dsunnivungnues R 409 HUI-tree fiavian 1579¢
I#nungnuessens ‘@’ Aussalusmoienionisivsenoulde 2 18013 waziduien
M3 ‘o’ umenistudu Adwsinsudnmshnunudfuresensisadulily
Tsnungnaes R auAsuTanun 13198 ld HUILtree iussaludae 2 19n13 (Rauandlunind 3-
10)

33,330,363,  286.50,3514  54.0.3237 295503514  59.0.323.7  310,0,323.7 49.0,49,7

(<1.13,310,4>,] [(<1,264,50,4>] [(<1,54,0,4>) | [(<1,269,50,9>] ‘(<1,59,0.9>)"(<1,310,U,2()‘U>)‘ \<<7,49,0,25>)\
<3,12,0,6>, | | <5.22,0,2>) <5,26,0,6>)

<5,8,20,2>)

AT 3-10 HUI-tree U599 2-HUIls
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“MiningAll” Fefifion1sasrnansienisideinulssleviguazusingegialuaiiausi
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N3tV tou(ab) = 360 Idieunnninadautaiigldiuavdeld franUszananaUszlon
LUUNTERU tou(ab) InndAdautsnaussleviigldiivun avihnsssiensions ‘ab’
dfulensonsdu lagduainsuensens ‘ab’ Whiuwesens ‘ad’ iegdsudaly
21N518M3 ‘ab’ tieadan1siansuiensens ‘abd’ udnouiiagyinisdumedian NUL™
wag NUL™ ey 9891110 929d0U51801540T18U04L0AT18N15 ‘ab’ LAgIIINTS
gAvNeVBULNTIENIT ‘ad’ ﬁs‘fqaﬂaﬂﬁiqmﬁwmmlfdmwmi ‘ab’ fR18N1T ‘b’ WATIILNIS
gAVNEVDATRNIIBNIT ‘ad’ ARTIENIS ‘d’ dleadanisfinnsanignens ‘bd” anturiinig
AvEUIUATENYNIIEN1T ‘bd” Inalassasieiulyl HUltree asvinlilsaIunsansivdeuy
dumsvaslyuaionsiens ‘bd’ (vsnews Sliflvueveawnsens ‘bd’ idsaznanlei
WAI18N1T ‘abd’ Lﬂ‘uL‘mi’lﬂﬂﬂiﬁﬁﬁﬂﬂmﬂiﬂﬂ‘ﬁﬁﬁfﬁ) \osanillnunveawnsionis ‘bd’
Tulpssadredulsl HUI-tree Fevinnsmsdumedisndu NUL™ = (<1, 13, 310, 4>, <3, 12, 0,
6>, <5, 8, 20, 25} way NUL™ = (<1, 264, 50, 4>, <5, 22, 0, 25} \§ 1818 (MU1ELAR 199
518715 ‘ab’ uag ‘ad’ adwdulunsuuentuil ¢, uas t,) Wi evinissaiudeyanis
Usngiiu mansslen ulabd) = (ulab,t,) + uladt,) - up (abyt,) + (ulab,ty) + ulad,ty)
-uplabits) = (13 + 264) - 4 + (8 + 22) - 2 = 301 A1AuUsElevdaIuma e rulabd) =
rulad,t,) + ru(adits) = 50 + 0 = 50 A1 Ussun U ey TWU(abd) = tulist(t,) +
tuList(t;) = 321 + 28 = 351 ArAuaLaNe rlabd) = max(fabd rfbtd, rfbb) max(1, 4,
3) = 4 lnovdsarnnisdumeudumesienduiadadu tagld NUL™ = (<1, 273, 50, 13>,
<5, 28, 0, 8>} MnHuvhTINasUAUsTANMANsElen TWU(abd) = 351 Hifleunnine
Fauvsnnsyloviiigldmmuaviels Wed TWilabd) mnnirAdaudsnaseleviiigld
fvun agvimsafisensenis ‘abd’ wazdaifudauusylond Aanusslewidiuiivie
Aanuasiae AuszanuauUsglnd uar NUL™ Blulnusgnaessienis ‘ab’ 2antu
vinnsmsavaeuannUszlev uabd) = 301 Idanlidesnindadauvsnulseloniagly
fvuansolsl uazAAuaiLaLe rabd) = 4 dArunniiAdaulsamaaevoli
ey 2 Weudadu HUIM azvinisseyuazdaiivsients ‘abd’ Tnduguuuuiiden
AaUsglovigauazuingedraliiaiianonazdnAulily HUI (newe 519015 ‘abd’ e
AaUszlen ulabd) nniddaudannlslenifiglitmun wazAanuasiiase fabd)
wnnAdautsmaiianefigldivun Saduensonsifidnuuszloviguazusng
oglimianeuazdaiuliluen HUN deluvinssueasents ‘ab’ WfulenTIEns
duqiteglududalufeisnisiediu (Fauaaslunnd 3-10)

n&a9INTINTIMTIBNNT ‘ab” lRunTnungnuessens ‘o’ anun iagld
Ivungnuessens ‘ab’ fussalusoensenisiivsznoulddie 3 518015 waziduien
M3 ‘ab” Wumenistuiu Mntuaghnnusimehauiionensenisivsgneuly
e 4 19m5 Tngnsdndumsezdduguiiordunisiiansaniensenisiunnii 2
518015 “MiningAll” il e unou “HUIM-Mining” va5 98 u 1519¢ 181 @ns 80159 51 A7
auvsglmigauarusngogisliatianevimuafidniivliluen HUI (Fawandlunind 3-11)



301,50,351,4 63,0,323,7

(<1,273,50,13>]  [(<1,63.0,13>)

<5,28,0,8>)

AT 3-11 HUI-tree 71599 3-HUII

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
fth 49, 7
abd 301, 4
abf 63, 7
adf 314, 7
bdf 319, 7
abdf 323, 7
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%agwuﬁﬁaga FuTEnsh | Snumsueen | annueiads SLRN
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' http://www.philippe-fournier-viger.com
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%agmﬁﬁa;ga FruTEemsh | Snumsueen | anueiads SDIRION
U51ng) Tu Yamnuuendu | grudeya
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Abstract—High-utility i (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 bel of s. H y HUIM
may not sufficiently give hidden-k ledge and observe occur-
rence behavior of itemsets in some applications, since it only

iders utilities of i /i Thus, we p 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 ¥ (where Y = X U Z and
Vix € Z|ix ¢ 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], d2HUP [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 (HUIIs-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.

1L

Let I = {i1,42,...,%,} be a set of items. Each item ¢; €
has its own unit utility expressing profit, cost, risk and other
user-defined factors, called external utility (denoted as eu(i;)).
Aset X = {ij,...,1x} C I'is called a k-itemset, if X contains
k items. A transactional database D = {t1,ts,...,tn} con-
tains a set of 7 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 4i; € Y is associated with
a positive integer expressing quantity of its own occurrence in
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t,, called internal utility (denoted as iu(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 = {p¥,...,¢X} is the ordered set w.r.t. tids
of transactions that contain X.

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

h |
3]

f [ gl
5 5|

TABLE II: A transaction database.

tid items(internal utility)
ty a(2), b(3), d(13), f(2)
ta €(2), e(3), h(4)

ta a(3), b(2)

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

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

to ¢(20)

tr £(1), g(2), h(8)
ts a(1), b(1), f(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 um't‘ utility qnd_ quantity of i;’s
occurrence in t,, denoted as u(ij,t,) = iu(ij, t,) X eu(i;).

Definition 2: The utility value of an itemset X =
{ij,...,i} 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) = ZiJ eXet, eu(i;) 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 w(X) =Y x¢, ep X, tp)-

Definition 4: The transaction utility of a transaction t,
is the summation of utility values of all items occuring in
transaction t,, denoted as tu(t,) = zi,et,. u(ij, tp)

Definition 5: The transaction-weighted utility of an itemset
X in a d D is the of utility of transactions
in D containing X, defined as TWU(X) = ZLP,L,)ED tu(ty).

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 ii X inatr t, is the
summation of utility values of all items ordered after X,
defined as Tu(X,tp) = 32, oy x<i, Wij» tp)-

Definition 7: The r ing utility of an itemset X in
database D is the of all 1 ing utility value
of X in all transactions containing X, defined as ru(X) =
ertPeD ru(X, tp).

Definition 8: The tight over-estimated utility of an itemset
X in database D is the 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 t, 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,t,),r(X,tp,ty),...,7(X,ty,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 (0,,) 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.

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
it) HUIIM-MiningHUIIs-mining complete set of high utility-
irregular itemsets from informations collected in the first step.

PROPOSED METHOD : HUIIM

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,e3,...,ex} where each entry e; = (p,u(X,
ty), ru(X,t,), up(X,t,)) contains i) the transaction id of
transaction t, containing X, ii) utility of X in transaction t,,
iif) remaining utility of items ordered after X in t,, and iv)
utility of prefix items of X in t, (Notice: if X = {iy, ..., iq,%r},



the prefix of X in this context is all items in X except the last
item 4,.), respectively.

Example 1: From external utilities in Table I and the
transactional database in Table II, item ‘a’ occurs in trans-
actions t;,t3,t4,t5 and tg, respectively. Then, NUL* of ‘@’
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
t; which contains 4 elements i.e. 1 is tid of transaction t;
containing ‘a’, 4 is utility of ‘a’ in ¢;, 319 is remaining utility
of ‘@’ in ¢, and O is utility of prefix items of ‘a’ in t; (for
now, ‘e’ 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 ruList, 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 ¢u(t,) into
tuList. Then, each item ; occurring in transaction t, is
considered and then its regularity 4; is calculated and updated.
The utility of i, in transaction ¢, is computed and a new entry
e = (p,u(ij,tp),0,0) is inserted to NUL". Last, twu' of i is
updated by tu(t,), 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(i;,t,),0,0)
in NUL" is considered and the transaction utility of tu(t,)
(corresponding to tid p of the entry ) 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 7; 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. o, = 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, ruList 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 t; =
{a(2),b(3),d(13), f(2)}, its transaction utility tu(t,) 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 f and tu(t;) = 26 (as in Fig. 1(b)). The transactions
t3—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 HUIl-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 0,0,00 0,0,00 0,0,0,0

<1400> 0,0,323,1 0,0,323,1 0,0,323,1 00,00
<1,9,0,0> <1,260,0,0> <1,50,0,0> =
tulList
[ [ oo [ oo [ oo [ we [ we [ oo [ oo ]
(a) Scanning of t1

0,0,323,
<1,4,0.0>0,0,323,1
<1900

0,0,0,0
<28,00> 0,0,323,1 <2600> 0,0,323,1 .
<1,260.0,0> <1,50,0,0>

0,0,26,2
<2,120,0>

tuList

I“ 323 | 15226 | 0 | t:0 | 1,20 I 1,:0 | t:0 | 110 |

(b) Scanning of 2

0>
<5,6.200.
<8.330.0>

sz |

(¢) After Scanning sl transaction

BEENIEEE I

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

C. HUIIM-MiningHUIls

From the HUIIM-ScanningDatabase, HUII-tree contains
single items in which their transaction-weighted utilities (twu)
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 HUIls. 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(z) 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 u(ij), twu(ij),



Algorithm 1 HUIIM-ScanningDatabase
Input: D : Transactional database, o, : a utility threshold,
o, ¢ a regularity threshold
Output: HUIl-tree , HUIIs contains single HUIls
: create tuList to hold transaction-utility of all transactions
initial root of HUII-tree and create child nodes in which each child node is
for a single item € /
3: initial HUIIs to be empty
& for cach trasaction t, in D do
compute tu(ty) ¢ Y e, ulist,) and collect tult,) at tail of tuList
6 for each item i in transaction t, do
7 compute r(i) = maz(r(i), p—g) 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 iuli, t,) and collect an entry {p, ui,t,),0,0)
at tail of NUL'
9 update twu(i) + twu(i) + tu(t,)

10: for each child node of root with item i do

11 if twu(i) < o then

12 for each entry e = (p, uli, ,),0,0) in NUL' do
13 update tu(t,) ¢ tult,) — u(i,t,)

14: remove entry of item i out of siList

15: for each child node of root with item i do

16 for cach entry e = (p,uli, £5),0,0) in NUL' do

7. update tu(ty)  tult,) — u(i,t,)

s set ruli,t,) « tulty) and update entry e = (p, u(i,t,), ru(i,t,),0)
19 update u(i) ¢ u(i) +uli,t,) and rui) « ru(i) + ru(it,)

20: if uli) > o, and r' <, then
21 HUIls = HUlls Ui

ru(ij), 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 i has item 4 as a prefix itemset). Last, if the utility
u(ij) is not less than the utility threshold and the regularity
7(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;,...,%x} in HUII-Tree is considered. If X has
tight overestimated utility (fou(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. i
from X and %; from Y, are considered and merged together
to be ix7;. Then, HUII-tree is traversed to find a path of xi;
and twu(ixi;). If there is no path of ixi; in the HUII-tree
(means that twu(ixi;) < 0y,), it can say that i) ix%; and all
of its superset will have twu 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 NULX are intersected to collected NUL* 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 w(XY) is not less than the utility
threshold and the regularity r(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 ‘@’ 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 +
12+8+5 = 38, ru(ab) = 310+0+20+30 = 360, tou(ab) =
38 + 360 = 398, TWU(ab) = 323 + 12 + 28 + 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
<1,13,310,4>
<3,12,0,6> 286,
<5,8,20,2> <1,2
<8530.2> <5,22,0,

Fig. 2: HUII-tree containing 2-HUIIs

18,0,71.4
<4,11,0,6>
1,4 <8,7,02>

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 ‘ab’ 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 HUlls
TInput: HUIl-tree, o, - a utility threshold, o, : a regularity threshold
Output: HUIIs contains a complete set of HUII's
1: for each item i in HUIl-tree do
2 if tou(i) > ou then
3: for item j in HUIl-tree (where i < j) do
4 NULY 0
5: IntersectNUL (NULY, NUL', NUL?)
& caleulate r(if), twu(ij) u(i), ru(ij), up(ij) from NULY
7 calculate tou(is) + u(ij) + ru(if) — up(i)
& if twu(ij) > o, then
P create a node of itemset i with ps(if), twu(i), u(i), ru(i), up(i)
and NULY and set node of ij to be a child of item i
10; if u(ij) > 0, and r(ij) > o, then
1 HUIls « HUIIs U ij
12: for each item i in HUIl-tree do
13 if item i has more than one child then
14: Mining AUHUII( HUII-tree, node of i, v, o)
15: Procedure Mining AUHUIL{HUII-tree, node of X, o, 0,)
16: for child node of X with itemset Y do
17 if tou(Y) > o, then

18: ly + the last item in itemset Y

19 for child node of X with itemset Z do

20, Iz + the last item in itemset Z

21 if there is a path of itemset Iyl in HUIl-tree then

22 IntersectNUL (NULY?, NULY, NUL?)

23 caleulate r(¥Z), twu(YZ) u(YZ), ru(YZ), up(YZ) from NULY?
2 calculate tou( YZ) « u(YZ) + ru( YZ) — up(Y2)

25: if twu(ij) > ou then

26 create a node of itemset YZ with ps(YZ), twu(YZ), u(YZ)

ru(¥Z), up(YZ) and NULYZ and set node of YZ to be a child
of itemset X
2, if u(YZ) > 0, and r(¥Z) > o, then

28; HUIlls « HUIsU YZ
2. else
30: initial tuList with all entries to be 0
N for cach entry e = {p, u(YZ,t,), ru( YZ,t,), up(YZ,t,)) in
NULY do
32 set tu(t,) « u(YZ,t,)
33; for cach child node of X with itemset Q do
31 set twu(Q) + 0 and set ru(Q) + 0
35 for cach entry e = (p, u(Q.1,), ru(Q.t,), up(Q,t,)) in
NULS do
36: update ru(Q,t,) in the entry e,
ru(Q,tp) + ru(Q,t,) — tu(ty)
3 tuu(Q)  twu(Q) + u(Q, t) + ru(Q tp) + up(Q. t)
38 ru(Q) + ru(Q) + ru(Q.t,)
P 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 16,469 103 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 is 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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