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Abstract Recently high utility pattern (HUP) mining is one of the most important research issues
in data mining since it can consider the different weight values of items. However, existing mining
algorithms suffer from the performance degradation because it cannot easily apply Apriori-principle for
pattern mining. In this paper, we introduce new high utility pattern mining approach by using a
prefix-tree as in FP-Growth algorithm. Our approach stores the weight value of each item into a node
and utilizes them for pruning unnecessary patterns. We compare the performance characteristics of
three different prefix-tree structures. By thorough experimentation, we also prove that our approach
can give performance improvement to a degree.
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RIEg9] Y@alpo] whE Prefix-Egl9] 74 4

d WX(frequency)?] WA wel ESE 74
f?}‘:}“q Prefix-E=]o| A Ff3l= Prefixg 3}t
F U 2L Prefix-Eg]E €& F U= A& ¢ F
At ¥ HAE 123l Prefix-E¥e E#Y &
=50l EAMM N Jkxed o) widse
Egolt} ¢] Prefix-Ed < FP-E&2] 74 "We] u}
g A £x a3, g ¥ dojeHo]s 20 F
3lo] sl H A=Z =3 71¥(path adjusting method)
(1612 AHE3tS 71€9 3 WAl HA APHE A
o E2HEH A FAE &£ Arh olo Ui A
e Cp-E#[2018 Z1sr2 o

a9 2c)ellA RAgges A 2o EWAMA T oA

m{w

2 e ARA eAe mE El By goy 1
¥ 3(a)d] e} Header Table®} o] sE2E9] t{3
2 v A7 @RE ARE 4 ‘aceb

d” €42 EARHES ALt 28 o=
o2 TeZtA AYE F9 Ef BE&FS HoFErh
FP-EZBle E7l @A A ¥EETs L83}
7] wWEeo] FP-Growth¥TaZd| 23 wlo]d =go]
e EFHCE AYHE RE RAFH I olf= B
glel ofd FHA(branch)olx= HE3t FEE Alojd] 1l

353

etz g FEEo] UEhA g7 wEelt 1
{1 HeaderTable {}
tem twu | tf
2422 e/] a:42,2/]
b:3d 1 e |621] 6 / e621.6
agg | ¢861 al178] 5 0:3%1 008,
{ :419.2 cla11] 4 a'186.3
b:277,1
b [453] 3 )
é o ¢ 32771 ¢:108,2 b:142,1
d:88,1 €142, d [398] 3 di33,1
g881 0:277.1

(c) After Inserting Ty
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{} £ 53t g50jA 4 gk

HeaderTable /\ F3ted o F o

34,1 ™ 4.2 0l0ld 2DRIE ¥ ME 24M
ltem| twu tf a8,1 [ 8:621,6 -
o |621 | 6 a:34,1 Y121 2 Prefix-E&]9] 74 3 fd=d A9 vlojdS 9%
b | 453 | 3 b:415.2 [\ PnEEe 19 59 Ut wAE AL 3
d 398 ] 3 ¢81,2 | c:88,1 i
c |31 ] 4 14271 | a:33’1| Folad 48 AL WA Ege] Myt 74 Y
a [178 | 5 FET s1 B % 99 & FUE Prefix-EYE FAHIL AHEA7}

a9 4 B2 twy YA ao] BE Prefix Eale] 74 o WA AR 8 @ vlolde FAPT o)

3P “a’v B twugte zZeE otk ) 99 growth) W02 FPE2 GAE(evel-wise) FH
Eg PRIMNE ‘a” =27 £ twudd e 355 HE WY 2ARe] ¥ ¥4 g
ol “b”, “c”, “d” ol YERL = gtk webd Al 9 FP-Growth ¢4aZ]&d 22 e &3 W49 uiol

=

2 AME £ e Prefix-Ed] 722 twudtd Wgx 9 AN 53 54 9E =3

iy

&o) Wet THE Prefix- EE 42T 5 3k o] B tree)® TAY B WA 9L 3%
2 94 PREY MEs £4d g sdAl 474 o YEUA 51 o)F AASE el "ask =k,

Input DB, group of db, db and dbmoa &,
QOutput:  High Utifity Patterns
in
foreach transaction Tr do
Sort the items Inside Ti according to the current sort order
Insert/Delete/Modify Ti into the tree
Update the twu and tf in the header table H
/* The following if block is only applicable for tf-ordered tree and twu-ordered tree %/
Perform tree-restructuring operation to restructure the tree and header table H end
ifTi is the last transaction of DB or any db’ /db /dbmod then
while there is a mining request from user do
Input & from the user
if previous & > current & or this js the frst & value for this Prefix-tree then
foreach item o of H do
iftwu (@) 2 minutil then
Create Prefc-tree Pla with its header table HTa for ftem
Call Mining (PTa HTa, @)
end
end
If this is the frst & value for this Prefix-tree then
scan the database a second time to calculate high utility patterns from the candidate patterns

end
else
scan  the database for onjy those candidate patterns which are not covered by the previous
resuft
end
end
else
Find the high utility patterns from the previous result without mining and second database scan
end
end
end
end
end
Procedure Mining(T H.a)
begin

foreach item § of H do
if twu(f) < minuti/ then
Delete B from T and H to create conditional tree and header table
end
end
Let CT be the Conditiona/ tree of a created from T
Let HC be the Header table of Conditional tree CT created from H
foreach item B in HC do
Add pattern af in the candidate pattern fist
Create Prefx-tree Plap and Header table Hiag for pattern aff
Call Mining (PTag, HTag, aB)
end
end

A% 5 Prefix-E2] 74 2 fdag 9 vlolyd dudiE

=l § ol wEl v Prefix-ETE XjgEo] FTATE=
U otwughks 28jeles f92E vlolwy Yo ok Aol ohdg o|Ae] % vlold AARFPE W &
A dEE F kA %ﬁaﬂe] Prefix-Ego e @e twy  £39 BI8d AdE ¥ oot glEF 3tz Utk

< ZtE FESo] & twu S ZE FEE ¢ viold FFLE fEEdH IAMKminuthI Ed Z
vehd 5 Aok dE g‘f’i T 1904 minutil=1989zk =T AFE twu g ol&ste Y FHpattern-

- E ){conditional

=E0| Eg] FT
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of AL zN-E T4 AHE =gA sl FA=
AAAR viold &xo| JFS wA|A At twu g
o]-83t= FEEE Prefix-EgME "Zﬂ*E_?«]-‘E— ks
= FPAA L& twu #$2 e =7 L otwu
oA HE nlo]y *—%E?F
S% minutil #o] 19899 A%
oA MY & twu gk 178 2

-% Zte =5E Alold
Ho|A)A Hr} o=
¥ 2(e)9 19 3((:

© E A B8 twu S TE 2ES 9o EolA
HH =& twu g8 ZE FES 7o sl 2A-
EfE F4ske FAM 2VeF ‘a7 P2 o
A AAS ok StEE mlo]d o] HolxA = o
. 29 5ol JEhd duelZEe) 9 Bye 19 3~
a3 79 vEhd GAE Esid A7tx oE e
Prefix-Egld] 3 74 #g3 nlold Axls 4ds)
712 gk

a8 62 AZEA e BB &M wa 7Ad

Prefix—-Ez]ol| A A9 2o g =H Prefix-E
9o A Egs Uehd Aotk Iy & 5 d%0)
twu #9 €A4E TAHE Prefix-Ed 9] Z@-Egr}
a2 FeE Rolxw ok #Y g o vlojyde
e A REY Aol 2 dESo diste A
o8 zA-EfE FAEI = 0]% Y (traversal) 3t
© " 289tk ety e 2H-EE YHE 4

T molde Sxrt FgE Al‘i} a8 72t %l‘
EHE FHE Prefix-EZ (1Y 4)o st %% “”

Aoleta o)A A 36 A Al 5 E(2000.10)

S dAdez dgald 4 1Y 49 Prefix-Ed]
ga] “c"2 IS Prefix-ABZE RO twudkd
tf A= A2 Yehd @IRHE Hstd it (¥

7(a). ©lgA NEAW FE “c"9) prefix-Eg A
twu Zo] minutil=198 2t} 22 JEEL FHHE o

Holl X3 & glong EA AAST =3 I&
‘= AASH ZA-Es Y 7)Y Zo] VoA
"k o] Aol A" "9} “ce’7b HEEE HE
AL Fohd & Qo 2P-EHE FAs g 9y
& Fohfie ML [3]o] AAF) dEEo] Sk

Aol AFFERC] twughe] WEAEo mel 74€
Prefix-E&]7} HZ 9] FHE vlojd AsE HY F
ASS & Uk ke HolME olgE AME 9T
Hejo)] Ade Foho AT &S Ve

5 &# 2y

2e)7t AU Prefix-E7] FREY A% Hrlst

1 934 IBM synthetic datasets(T1014D100K,T40
IlODlOOK)T—]' AgAe] do|E A ®(mushroom, retail,
kosarak) E2 % 712 488 vt 28R H4 #
HE do|e{FFL Frequent itemset mining dataset
repository (http://fimi.cs helsinki fi/data/) ¢} UCI Machine
Learning Repository(http://kdd.ics.uci.edu)Z2HE 7}
g 2=y o] dolHPREL Ao ERA A
sl fEEE @& AFetA EIEE V&9 JjH

bl iR AAA] 2U-ERE 74T ZHE ope|[o11,14] 1] A% BN Z EdAM
UeRth & “c7dl dgte =n-EE FAse 3 oNA e St BES o]&EgE 499 AES A
HeaderTable {3 HeaderTable {}
tterm| twu | tf c:66,1 tem| twu | tf EL HeaderTable {}
a:136,3, | :
al16] 3 b:419,2 e | 398 | 3 8:358,3 item| twu | tf 0.311 4
b 418} 2 | 1032 c:1|@,1\ a |12} 2 a121.2 e |3t1] 4 '
c 31| 4 | a1 d:277,1 c | 88 1 | pRrrd b [142] 1 b:142,1/l
d [ 398 ] 3 d:88,1 b [ 277 ] 1 c:88,1 d | 8|1 d-88,1

(a)Prefix-Tree of the bottom most item
“@” in Lexciogrpahic order Tree

{b)Prefix-Tree of the bottom
most item “d” in tf order Tree

{c)Prefix-Tree of the bottom
most item “c” in twu order tree

29 6 M7FA M9 W& Conditional Prefix-E ]

{}

e:SJI 14 HeaderTable 0O
b'1421/]\ tem} twu | & |
<194, d:88,1 e | 311} 4 e3114
l 81,2
c:142,1 c:881

(b) Conditional-Tree
of itern “¢”

(a) Prefix-Path for an item “c”

HeaderTable O

ltem| twu | tf { HeaderTable 0

e | 308| 3 e:398,3 tem) twu |

b [ 277 | 1 e [ 419 2 e419,2
b:277,1

{c) Prefix and Conditional-Tree
of item “d”

(d) Prefix and Conditional-Tree
of item “b”

28 7 twu 3 A2 FAEH Prefix-Ed oA ] ulold A
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stk A87 HolEHo)AE FESo] tlRo] vt

< Ol&FE 7HAY] W e 2 agFRE[14,15)
& AHEEA olRgES AAsl HolBEERE 4
d 3%E 4& 4 AU Synthetic dHol¥ FAF
T10 14D100K+= 32 (loose)?] A& 2He dlolHA
%ro]l3 Mushroom® ©)E A 1Y% (dense)s] EA]

< Ze delEfelt 4zte] deole Ayl oiste

Adst WHET] 71E€< Two Phase[l4], FUM
DCG+H7]H9] H5& ®¥a 43T Zzaldse

Microsoft Visual C++ 6.0914 Qo™ Windows
XP+% A Al(pentium dual core 2.13 GHz CPU, 1GB
main memory)ol| A 85}t

5.1 CHEHE ojoldoll Chst S8AM Hlm

I¥ 8& Mushroom HolBIHEE AMEE Ae 7}
gaFolA minutd ghel Hale) o2 IR A8y &
£ Hlag o)1, 19 9 vlo|y ’\f@ A|7HE vt
BRE RAFY E =89 478EL Prefix-TE ¥
AB7IE 8, 8 A WE ArkA Ef pRE
AREE A 27 Lex. Order, tf Order, twu Order®
FAZT 7t Aokt ArA ER) pRES 2R F
U Ve FRELS Y 28 994 & 5 Yo
dleld A7k A¢kEle 7|WEe] 71E wHET RE
minutil gxoll thele WE AJ%E HodFm gou Ao
she 7IRFAME twu & MZ FAE Prefix-Ed

r

< fE8g g9 rleold 719 349

At =3 3y nmtold-& ¥ Af-de Aksle 7Y
< A AR minatil F& ©|F2T Prefix-E&E A7A4
& dart gA Atk minutil o] 248 oe Q=
& vhold Aol FastAT minutil ghel 0259 7
$¢ TR JHEEL minutil § 039049 FH AHE
9] ZF3Hsuperset)©l=Z minutil FOIEHE-E 7;121
a7] §1gt 7 A doleHle]x 2 A gGA £

d ¢ At w22 wE e FE JESS o9 -
minutil gk 0.3914 A= AR7] W2 5 HA vl
guoj2 AFA T minutil #F 0258 93 MEA F
7be FREVS ~0shE 57 wWjRo|th Hie AL
v SHAEoE vlold minutil S HAT otk
T3 minutil g 029 FREL minutil 3 0.1 &8
9 FERFeImE viold AhH T AR delE
ol A7 glo] old Z#woer ARE AL F 3l
t} o] A%dl A A minutil e HYHF Fo
minutil S AT AL AZFE A HA A A7
s E o FAs: £& =2 At E£3 Two-
Phase9} 217} A dnElFe 43 A7 Aol=
minutil k0] 4l gt AR ¥ 2= Mushroom
delE A& minutil #el 0.3% A9 A7A Ed
T2 digte] dAE AP 3 A $EE B
Fa R 3 EffY] AYE YehlE AR v =2
715 Hlug Aot}

© B AREE AUl HAY AES RAFE AL ¢ S
3 2 Mushroom HloJEAEe = 6§=039] sk A7}t

200000 (Sec.) X%

180000 * —e—TP L]

160000 —"& H Lex. Order | Tf Order | IHUPrwu—Tree
g Tas BFM Construction | 5715 5593 5.608
S100000 ——SNg— —a—0CG [ Reconstruction | 0 0.828 0.782

80000 -
§ 60000 e Mining 30.755 14,309 5,05
5 40000 e 2nd DB Scan | 1115 11.06 11.83
z zeoog Total 4762 31.79 23.27

10 15 20 25 30

Minimum utility threshold (%)

2% 8 Mushroom®lo|E Aol et 8 275 e]
A vl
1200
1000 L\ ™
= 800 RN ——FUM
%eoo \\\ —4—DCG+ |
£ 400 \\\
5
€ 200 |
0
10 15 20 25 30
Mnimum utility threshold (%)
1% 9 Mushroom® olE| & gHel] th3F wlolyd A7) vlm

X 3 A7FA Prefix-E# 9 (MB) Hl&

IHUPL-Tree | IHUPtp-Tree | IHUPrwyu-Tree
Mushroom 0.721 0415 0.486
T1014D100K 15.274 12.733 12.912
Kosarak 208,237 178.134 183.856

2 B3 0i01do]l Chst £24 Hlw
@%a ulelde] tigt AL At Ml 7HA Pre-

fix-Eglo] B&4E vlu B4t 7€ i s
A Exg vlmelr] 98k Kosarak(305MB) wlo]E1d
Fe 73 Alg3 delE L 990,004 E
WAAET 41270308 HE o9& FEREZ FAHIAST.
A AAZE Fele o] dolHAA 209 e EdNA
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AERE Prefix-E|E THE g 238 A% 005
2 mlolg AYFE FRHAT e = & 20949
EWRYHAES EFo 71 & 59F S A
vpold A4S YAt TLT WHOE Kosarak
HolE| e He EJAAES Edd Frlsln 34
@& 0.05= mlold FAPL A} 2 102 o &
HE BHAEth Azte] EHARE F713E F tf Order
9} twu Order?l A5 viold 2 Ao EE AT
A8t "ok aeba woleu ol A7t Foighel we}l E
g T vl Alzte] FRIGE A& 23 10014
d F dth $Ee EE ERYAL F A T4
2 Edo] A B85S FY3Hch A EdA =27)
= 0%t Zi"’]‘ﬂr. A HAZ 107 4 ERALEL AHAF
ol AL 0068 7HAx mtold FAYS FIsiFTh
TYE A AE 49 9 ukE FYFET o] A
¥ 119M Rt ERAAE AAF Folx of
Order$} twu Orderd] A%+ mlolyd &< Ad EgE
AdskAl Aok whebA dloleiw o] 27} bl whE
Eg] A vield Azke] ZAES ¥ 1M ¢
- At

27k A ekgt M7EA] Prefix-E@&e Kosarak d)
ORI TN ME & 41270709 FEES HEFHHO
2 Aegtdty. 28 1004 Aeke 71 o] Kosarak

4500

——TP -
4000 A
3500 § T4 oM P
— —— Lex. Order _ w
33000 4 e ora
& 2500 —i!——~twur0fc:er I.//
g 2000 ///./
£ 1500 e A
® 1000
500
0 T T ; .
0.2 0.4 06 0.8 1

No. of transactions (in mitlion)
a7 10 Kosarak Ho]ERg e g db+=02M9] 2]&k
olEjHlo] = F7}

=

4500

4000 _"\i =T

"3 3000 1
§ 2500
& 2000 N::
£ 1500 LS
& 1000 -

500

0 , . :
0.9 0.8 0.7 0.6 05

No. of transactions (in million)
2% 11 Kosarak Ho]HAZLZ db-=0.1Mo} <3 ©|
o[E{W|o] 2 Zrix

doletule]~ A 36 A Al 5 F.(2009.10)

E 4 A71A Prefix-E2]9 (MB) Hl32

Lex. Order | tf Order | twu Order | FUM

mushroom 0.721 0.415 0.486 2.256
T10I14D100K 15.274 12.733 12912 27.49
retail 16.761 13.067 13.819 31.73
kosarak 208237 178.134 183.856 | 454.296
Chain-sore 272.94 236.875 245671 | 528.348

dolHgge] 1007 e ERHAL 41270708 M=
g FEES Aste F2 RS B9FT o
# 4 o9 dHelEARe me ERYLEE EYE
TR F AHE rEY A28 v F2d Aot

[ﬂl‘l

o

=89 F8 THLE A ol§ JeH HEY =2
7] ¥ WA ul= vle]g] 49, A, 4 AdEel
Ha] B FEA delEwo]2E AYE + 3l
v 2L FEEE H9 viold guEEE nud A
o] & 4 it} AN YoM e FEY AHE &4
2 T3 Lex. Order, @59 QxSFo] w2} A
tf Order, 2¥]i twu 2] €Al W& twu Orderd
A7HA & prefix-EEE AFE-3t th Lex. Order
Ezle] 5AL wl¢ desty g4A 748 4 den,
Be dlolee A, Ak, 40 ¥R Fox Eg e
AT Aol e ot Aolth tf Order?] A$e
Ef A4 desA HE vEgE daz A3
o] 31%, twu Orderd] 7%+ HAFY vio]d As&
F= Aol e Ao BAHAM & =FdAMe
71 A9 BAAR FRAA 2 A A glel 7t
=3 ¥ Z7Hpattern-growth) FZ2WAS #FdEE
vfolgol = AMEE £ 3USS AEIALH, AR B
€ Ef FxT Y FH0E o7 A rlolde]
7Vsdtel g}l wpolge] A{sta, tiFY] EWRALE
o] A4, 27t st JRHOR wlojgo] 7hE
g o ol B 9 ME OE 55 AE
Tdx &3F0)a & sMesithe A& RAFATH
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