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An Algorithm for Mining High Utility Patterns Based on Pattern-growth

WANG Le! XIONG Song-Quan' CHANG Yan-Fen'! WANG Shui!

Abstract High utility pattern mining is an important research topic in data mining. Because of the additional in-
ner/outer utility processing workload, its computational complexity increases, and the improvement of its temporal effi-
ciency is vital. To address this issue, a new pattern-growth mining algorithm is proposed for high utility pattern mining
named HUPM-FP. This algorithm can mine high utility patterns from a global tree without generating candidate itemsets.
Six classical datasets were used in our experiments for comparing with the state-of-art algorithm faster high-utility itemset
mining (FHM). The proposed HUPM-FP out-performed its counterpart significantly, especially for time efficiency, which

was up to 1 order of magnitude faster.
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phase, J HZ i —4 TWU (Transaction weighted
utilization) #AL Bl —ANTEEN twu HANFH P
BE I /NI, IR — MBI, FHXS
SCHR [15] L, B DA K AR I AR 28 A A Ak
11l. Two-phase #&T- Apriori 535 TWU Fifd
GSAE S NP B, R T Rk AR AR
Je, TR EHE SR A T S e TR Y B SO
Two-phase [ 25203 5 T 3CHR [15] TH &k, 5
12 Two-phase P[P E T4 /& K H 577% Apriori 1
AT A AR, FLIS TR A [ A A2 LL R ).

Erwin S507 $2 T — AT B 450 1 3248 5
% CTU-mine, R HAE G K 1) 77 20k 7™ A= i 18 1
£, SR)5 A 571E Two-phase #[A], i 75 246 H s
ARk U S A e TR () LS A AL 2k LR AEAE
Fhi A e H A A mH P Y 1) B AR B A A R I i, A
AEREIL T Two-phase 55.7%.
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%SRS 7 B2 A B B R 7 A i e TR
Bf 4 5535 THUP, Tseng 25019200 4 it 43k UP-
growth, 1% 8% 3 BB 0 H% THUP o gt B
VRISt 3 TRUEE IR A58, SR (R IS TR 2%
BRHRTE. 53 IHUP F1 UP-growth #2 R A
G K) 77 27 A g AR T AN e MR EAR
EIFE VA

H AL 32 B P A Bz 4 = R B
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. 2014 &, e85 HUL-miner JEfil I, Fournier-
Viger 25014 1 H Sem ok it HUT-miner, 345 H#
(329575 FHM (Faster high utility itemset min-
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2 HUPM-FP &%

HUPM-FP 53R ALK 1 7 AT
B2, ZEENEE TES R 2 0 1) K
25 AR R 45 31— AR M L, W ARk 4 P AN B
S LU S B iR O — B4 R 2)
A JE R A 0 BT e s R .

2.1 ZEWBIEE

DAZE 1 I 2 (i B DA 4910 3 I3 4 Jm B ) ) e
A, X BLRE SR/ R 40. AR R

P 1. AH - mEE A, Gk i RO A
(Uitility) S 8AE M (twu) SCREEL (SN), W

item [utility] #ww | SN] link
“ 20 | 8713 item [utility| s | SN link
b | 36|90 |4 c 101017
c 50 1169 | 7 d 18 ofs
d 18 [ 132 5 b 36 i
e | 18743 a |4010]3
AR e | 1803
g | 5|27 ]2
(@ H (b) H,
(@ H (b) H,

item |utility| swu | SN link

c 50 107

d 18] 9]s5]—]

EREIEISS e
e 18 124 | 3 \

\ e:SN=1

uList = {6, 3, 12, 3}

(d) 55 2 MHEFXNR T
(d) The tree T after inserting the 2nd transaction

1(a) HHILE H Pios.

S 2. HLE H P twu 1D T/ 40
3 I B, 8 R 101 4% SN MK B/NHE P (3 L A )
DAY utility =% twu (EHE), I8 k3R T A IR
twu EEFRAEHD 0. WE 1 (b) Pi¥k® Hy Fivs.

PR 3. 5 2 IR B AE, KA S Ik
ATESRZR Hy PRSI B, I 2 Sk 2 v T IR
e, SRJAAR UGS INE— KRB L5 I B8 Sk A& AR W
1 twu fH.

WA 1 AR AN g AR L N R AN Sk R
H, i mirisEyE, 1380(e, 3), (d, 3), (b, 3), (e,
1); SR MEI T _Eg R aE 1 (c) fros, H
AN B — T B Z IR RS B, W1 uList =
{6, 3, 12, 3} LIRZIED I cv d. b Al e HIRH
fH, SN =1 FoREG MAERINEIE T I ¢ 1, ¥

item |utility] rwa | SN| li
c 50 6 7
d 18 9 5
b 36 | 214
a 40 0 3
e 18 | 24| 3

//

e:SN=1
uList = {6, 3, 12, 3}

© B 1A T

(c) The tree T after inserting the 1st transaction

Root

item |utility| »wu | SN| link

c 50 |18 7| — 1™

d 18| 9o ]s| —

b 36 | 45| 4 .b. SN=2
uList = {12, 12}

a 40 013

e [ s Jaa ]3]

\ e:SN=1
uList= {6, 3, 12, 3}

(@) & 3MHEXNM T

(e) The tree T after inserting the 3rd transaction

item |utility | wu | SN | link
¢ [s50 |28]7
d [18]21]5
b | 36 |45 4 b SN=2
uList = {12, 12}
a 40 | 20| 3
e |18 243 a:SN=1

uList= {10, 2, 8}

e:SN=1
uList = {6, 3, 12, 3}

(O 4 DHGXNH T
(f) The tree T after inserting the 4th transaction

item [utility [ wa | SN link
c 50 |50 |7
d 18 |56 |5
b 36 | 551 4
b: SN=2

40 | 84 |3
il - uList = {12, 12}
e 18 |72 | 3

a:SN=2 e:SN=1
uList= {22, 12, 24} || uList = {6, 1, 12}
e:SN=1

uList = {6, 3, 12, 3}

e:SN=1
uList= {4, 2, 4, 16, 3}

(@) AT HE X R T

(g) The tree T after inserting all transactions

K1 AR sl

Fig.1 An example of constructing a global tree
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T ¢ PR BRI RIT ¢ MR twu (EF, 4
IINENI d W, K2 B0 ¢ I d R0 AR 20
FISLRIN d XN twu (EF, BTGB B 2 1,
W 2 BT DA M AT I 2 (R AER 20 ) Sk 2R T
x RN twu Y, SR twu [ HE SR
K1 (c) FHIkRTR. IR 1 2 2 ANFH I
LR RWE 1(d) . e 3 N3Esn
I, BRI A i IUAR T B 1) e S — AN 1 s B B
AL T, P DUIX B LR BN & IO I R 280 A 84
N uList XTI _E, SN B0 1 BT, 45 540 &
1(e) oR. 55 4 ANFESTRR IR L5 2 5K an
Bl 1 () s, B AT 3525 TR In 2 ARA F s 1
il 1(g) Piw, B ERSkERNE 1 (g) T
BRI, JLrps R 3 0 — AN B 1 SO, #KE Bty
ST HE AR 7R S0 IR link o, {5 DS A
FM AT N BT A, W 1 (e) ~ (e) FTw,
T BB R, K1 (f) ~ (g) %A link
PAINAES R
R T B S S

Table 1  An example of high-utility transaction dataset

TID Transaction
(b, 3), (¢, 3), (d, 3), (e, 1)
(0, 2), (¢, 2), (9 3)
(0, 3), (¢, 4), (£, 1)
(a, 1), (¢, B), (d, 2)
(a, 2), (b, 1 , 2), (d, 2), (e, 3)
(e, 3), (d, 1), (g, 2)
(a, 2), (¢, 6), (d, 10)

C

) (
) (

IS TN S S SO R R

® 2 MEE GMEEONE)

Table 2 A profit table
Item Profit

a 8
b 4
c 2
d 1
e 3
¥ 2
g 1

2.2 NEEMLEEZERESHARANEZL

FE5 2.1 W, K — AN EUR A T — B A
Wk, I3 A LR, %k HUPM-FP gt ol BA
KRR K7 AN R Bz dl A B, 3
PRANE RN 1 R,

B5% 1. Ming(T, H, X)

N AR T, Sk H, VIR A IE X,

M. mRUIEGEE HUPs.
Begin
1) For each item @ in H do
XK H IRR T4 *

2) If (Q.twu > minUti) then
3) X=X UQ;
/* PRI X A TR */
4) If (Q.Ut > minUti) then
5) KIigE X ¥NInE| HUPs ;
6) End if

/¥ BT X 1) twu (EA DN TR0
fH, PTRLUATSE X 72— AT T A7k sH*/

7) subTree(sT, sH, Q.link)
8) If (sH A47%%) then

9) Ming(sT, sH, X);

10) End if

11) Il Q MIAE X IR
12) End if

13) ¥ T ERTEATR Q I Ulist A1 SN B2
RIS AT R

14) End for

End

KR N LN G ZEY S Y A ob 7 IO | RN B SR () S )
AT (8 SCHRE L — A 521 ok 1458 W1 B 11 )
AR

PR L. SR T B al Q BT s
2 BT, I AL Q AR’ AR BRI BT
T Q Trizskte L RE, RIa] BAvHSCH I @ FIJ
R &I A TR BONE (Utility) . 595 R
B (twu) KRR (SN), IR RS 72k sH .

PR 2. KL T KE sH W twu {1/ T /b
AR ) I B, ) 14 SNMCKBI/NER?, I8
Sk P I twu EEHIRAEA 0.

P 3. HRERKN T AR Q BT
AR LI, B4R BT X R X AT Sk
% sH I, 4k sH P, FEMAMN AT A Q
EAFEIAEHS X ST A SR, IR
AR, WALBE ) X I — B sT h, A
BT Sk R AN I twu {E, B T LFTES Q
S USHIEAHIESE PR SIS S

1 MK W i fa — BRI AE_E AR Ay
T, BE AL PR 5E — I, A% SRR B S i U A
RO, PRAE G A2 i R v, X O e
Ab PRI IR BT BT 2 T, k& (DL
21 AN kAR, NIRRT kR
IR ) i twe B H AL F B B AL B T
RORAE ., IS 136 2) A7l LA B2 5 &
AAEAE T Q KRB, a0 RAFAE, # T KA
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{1 41 %

2
%

WroidE X A2 AR

0L R 7 LR M A SR i B
Utility fFHEE X R, BIrE L 1 128
4) AT AT LRI AR X R .

2 JR RN AR A el AR b, R — AN Tk
Y (st O Rl IR ) R A A IR 3 i i 4
TERE b1 B — 1 b DU S G 8T (1) 5~ I
AT LLNRS FAFEIIEE Y A BRI ) A8 AL RN A T
AFR BT AU IR AR RE AR BB B, I
A1 A BRSERT B N R RS, RS B AR
BT (W 2 (d) B, 950 b BAbF S, R b
B RHE B B AR B A, B AR R A R K
2 (e) F7R).

XHLDLE 1 (F) A 4 Jm i AT Sk 3 0 1, 13t W
B 1 MRSk R b Bk AR (K
1(f)) o e HymHE, BEASKERP I a 1 twu HA
NT B /NBIE 40, LA DUA TR X = {e} AT
BRI L3, Mo bR T

P10 T (1)) e iR
T a 1) 3 NI R HME ({c,d, e}, uList={6, 1,
3}, SN=1; {c¢,d,b,e}, uList={6, 3, 12, 3}, SN =
1; {¢,d,b,a, e}, uList={4, 2, 4, 16, 3}, SN = 1),
GEih I e LR S I G A (Utility) 5545
B (twu) SCRFEL (SN), WK 2 (a) Tk
F® sHy Jis; N5 2.1 W5ropig 2 Bk
sHy, 133K 2 (b) Frnifski.

W 2. WHHERRA N, WA, K

PR BAZER 1 ) 3 MR, EBRIiE X (X 5
BT AR 3 ATAE) t% sHy TR HE
(XA EEHET e); R)a, FH 2.1 L
IR 3 M7 A e (P TAR VS N 21— RRA L FIEE 2.1
R X, X L) R N A R AR RO AR
{e} & X "B, XBEICH Ux, H—Iidk
{e,d, e} IR FfE RS R 2 (c) s, 48
ot ¢ i, FERI ¢ Fl e FEIEE {c,d, e} HIH
AR 2T L 3R twu H 9NN d N, 7522
T4 {c,d} I e 7E4E {c, d, e} BIRHAER M
B3k twu Ty BUEUE SRR 2 (¢) Fros. [
FERI T8 oA 2 AT ORI BB E, FF 58
sk, MR RME 2(d) Fror. MEmalELlh,
FEEE 1 IR AL B A Sk R (WL 1 15
9 17).
2.3 BESH

HUPM-FP #5825 A5 A TR e fm — AN
M XABARIES VL HUPM-FP Al LAMR 175 31 2%
FARE I B R, A S VIO, BRIEAS
T B A TR W] IN AR R R IR iz, v A4S
FIFHICITAE A I ) R (Al 2 TR ),
A RAL A, X ORIERE T 31 S b % I (BRI
) M ESERHERCH twu 85 GBI twu HAR
O AL B A IR ANTE SK R TP IR A ), BRIt
SRR twu fHASEE R IR B K twu ), W 1 ()
FIE 1 (b) kR twu HITR, BEATR D
BB SR I IR

Ttemset tility [swa |SN |link . N
= ltemset _tility | |SN link Ttemset utility |wu [SN [link
ecy |34 |72]3 - o /
le.c ecy | 34| 18| 3
fe.dy |24 |72]3 YR EEEE d-SN=1
{e. d} 3 led) | 24 [ 19 3 [ —d uiist= {6, 1}
tedy |2 |72]2 — T o2 ul )
{e, d} {edy | 20| 2 Ux =12
e,ay | 19 [20 1

(@) 5k (e} 173k sH,
(a) The sub header table

sH_ of the item e
, of the itemset {e}
Itemset tility [wu |SN [link /
{e, ¢} 25 | 34 3
d: SN=1
{e,dy | 15 [40] 3 AList = {6, 1}
{e, d} 22 [37) 2]\ Ux=12

(b) T {e} M7 3KK sH,
(b) The sub header table
sH, of the itemset {e}

(c) it (e} Tt sT
(c) The sub tree s7 of the itemset {e}

Itemset tility |swu |SN [link /
fe,cr | 25|34 3

d:SN=1
led) | 15]40)3 uList= {16, 6}
{e, d} 22 1372 Ux = 18

I
\ b:SN=2

uList= {10, 5, 16}
Ux =6

(d) B SEBTA ER IS 111 sT

(d) The sub tree s7 of after processity all itemsets

B2 Tk

Fig.2 An example of constructing a sub-tree

(e) AEBE5EIR b Z JRIAFH sT
(e) The sub tree s7 of after processing item “b”
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RYEE 2.1 b2 R e g i, W&k
FEAT IR R R, wT A4S JR AR b ot S5 3 AT fif T
TR R R0 FH AR, 4 O PSR T X 6 2 B 1 Ik,
AR EAF BT A RS X IR IAR R & T A%
FAAE, ARAE S 2.2 b G el 7, o] DA 3
ARSI X FHEE Y H0HE.

DA FJ5UIR 2 59k HUPM-FP IR i) 28 32 42 73 14
FER R AR 3 et T AR

PLURIE & 7L HUPM-FP G425 88 2 B A 11 5
ROBEL H AR IRRIUE Z AT — A m s AL
KR Z & R, AR — R 1 3R 1
twu EHAS N T /NS, 455k HUPM-FP,
TAE Z TP i B AT I 5t BIAE A JR B0 B ) Sk
o IR Z A NI 2y B AR, ROk
TR, BRI Z M Z rh AR 5 WU A A )
twu AEAAS N TS5/ B, PRI 2e 41 5 1) AR #
BT RA  BA PR SR T Zy R Zy A
HN LA T LRI, D Z,, Z, fl Z thi
REIHAE W twu EEA /N T B/ NEIE, TR Z,,
ZoF Z P ILAR TR A A0 IR BT IR Sk 3R ) MK
AL PR 25, — RS BIIUAE Z 2 m U B
I HUPM-FP fed2 88 20 A 1) s AU AL
3 SR
3.1 SRENEEEMLRTE

Hi T 5005 FHM 1 28 30 % s T 5% UP-
growth Ml HUI-miner &5%53%, & H i 5L R
AL, IS SOBr th I 509 HUPM-FP AUAI
FHM i 7% B a3 #r. X PIANFVEHE R Java %
FEIE S SEH, L5 4: Windows 7, 10 GB Mem-
ory (Java heap size is 1.5 GB), Intel Core i5-3320
CPU 2.60 GHz.

3.2 IIMEE
AR T 6 A2 B Bl AR L AT 8K

5y M, X 6 NEHE RN RE W R 3 Frox, Horp
#* 3 1 T10.14.D100K & i1 IBM #ds ™ A= 88 &
A, Hofth 5 NEIE AR A S L ElR AR, K
3 HHT 5 AN B R AN B B IO P SR A
H, fEA RsLse T, R Sk (14, 17-19]
Jri, F5 DA R IR AN £ (P EB O AE) # 2 B
PP AW — AN/ T 10 KT 0 34 I ) 5
BB (S0 ) 2 Bl B AR ) — AN HUE
(KT4T 0.0100, /M 14T 10.0000); 4k 4
Chess+ Mushroom. T10.I4.D100K #1 Retail 72 M
FIMI M3k F#22. $di4E Chain-store /& Califor-
nia — S IEBE 2R B R A S
IS 2 AR AR A0 8 A5 R L. 500 P i 6 5 (BB K 3R 7
GRS O N A A G T S R

S0k HUPM-FP Al FHM #5245 1 (142 38 55
5, BE IR AR a2 b A I s RO B, AN
TEYZIR I 45 S S AR R, DR A S e M BLVE:
(R 3 350% EEAT T R
3.3 BEIEMIRZEHE

A SR SR Sk SVRIE AT I TR] 2 Bl
/AN OHAE (Be/NEE) IR m . 5 —A4
SIS W T AN A e /N BB T, SV IE AT I 1) AT
A7 FEXT LL. 3 4T AT LR AR A 6
M FiE Tt b, Kl 3 proR, Jik
HUPM-FP (IR A& ] Bl 1 MR gL L,
B AR B 4 1 (n T10.14.D100K. Chain-
stores Chess fil Mushroom), 5y FHM 7E#AK T
(N ER AR T A

A R B0 HUPM-FP (IS ) 3 %6 7] LA
G NPRRERGY, — o G A SR I TRV FE, 3 4b
AT A B b A A v AR R ) I TR AL FH 2
#£ Retail. Chain-store. Connect #E4TMIAR, BEH#&
/N BB B, RS A AN S 1, (H 2 5
EANBAZ ) B AT TN A S B 2 4 v R A
(IR TR P RE S, DRIAE IX — /N i 45 LBl [

R 3 B SEAHE

Table 3  Dataset characteristics
R{EEE S T HE TGP HE T T (%)
Chess 76 37 3196 48.68
Mushroom 119 23 8124 19.33
Connect 129 43 67557 33.33
Retail 16 470 10.3 88162 0.06
T10.14.D100K 1000 10 100000 1
Chain-store 46 086 7.2 1112949 0.0156
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M —O— HUPM-FP R
—%— FHM o
100 ?/w,/*/"“
100k —O— HUPM-FP
—++—FHM
s p
£ £
. 2
& &
10 1 1 1 1 1 1 % 1 ! ! L 1 L 1 L %
0.0042 0.0040 0.0038 0.0036 0.0034 0.0032 0.08 0.07 0.06 0.05 0.04 0.03 0.02
Minimum utility threshold Minimum utility threshold
(a) T10.14.D100K (b) Retail
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