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A New Algorithm for Mining High Utility Sequential Patterns

Based on Pattern-growth

TANG Hui-Jun' WANG Le? FAN Cheng-Li*

Abstract High utility sequential pattern mining is an important research topic in data mining. It plays an important role
in many applications, such as bioinformatics and consumer behavior analysis. Different from traditional itemsets mining
methods which take the appear numbers or the utility of the itemsets into account, high utility sequential pattern mining
not only concerns the inner and outer utility but also the sequences of the items in the transactions, its computational
complexity increases compared to the single frequent itemsets mining or high utility itemsets mining. Although a number of
algorithms have been proposed to solve such problem, the efficiency of mining algorithms is still the main research topic in
this field. In view of this, this paper proposes an efficient high utility sequential pattern mining algorithm named HUSP-FP
based on pattern growth. Because the transaction utility value of the sequence itemset should satisfy the downward closure
property, a global tree is established based on the sequential items in the transactions of the dataset after removing useless
items. the HUSP-FP algorithm can efficiently extract sequential patterns from global tree without generating candidate
itemsets. Comparing with the state-of-the-art high-utility sequential pattern mining algorithms of HUSP-Miner. USPAN

and HUS-Span in our experiments, the proposed HUSP-FP out-performed its counterpart significantly.
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EHA X B ETAHEEIE X 55t BK
RONME U(X,t) B, AR —3i5% ¢ Trlfefr
FEZ A MRy 54, SCRRIE B BORBUT A
i X BRSO, IR, o0k g
P25 UtilityLevel #1 UtilitySpan, HH Util-
ityLevel 1 id = 55 i AL 45 K1 I AL & AR ik i
TER, 2t i WA 8T 4. Utility Span
WL A S AR Ak, MRS AUTIUE. Mt
', UtilitySpan AYSEBLECR LS, H2 7 WGER
9 P AR AR 2 P AN R LR A 22 I, PSRBT
R AR 2 I R A, 3 ™ A v AT P 51
SEI I AR B K. 2012 4F, Yin 4500 £ KDD
WP USPAN 53k, #0000 BEBU I TT
T SNSRI SN a1 & S N b= SR g i
BEVE T B B R IR, AT e SR T AR
TG AT 3, JF FLIE T v ROT] 92 4 P A e 1
JRES T —A SWU (Sequence-weighted utiliza-
tion) BIMBEATBIRCERAE. RI—ADISEH SWU EA
ANT R RE R B NSO, A IR R — ik
TR S, WIRZIA WAy i R Bk . 534k, %3¢
M3 I CE 55 T IR [P Remain-utility #E47E8
FEBTR AR, B — A TEE K B M N E Remain-
utility 40 /N T as /NROTEL, W EAE R 1 R 1%
T, USPAN SEILIN 2 &% w1 30wk [9] s
. IR TS T A, I R AT
K. Wang 250U & e /N E F, SWU i@
W EsNEE R, R T A AR TR L
JE W) HUS-Span 5032, 2505 2w T — Rk
R8s 45 Ao 7 ik - AT (Utility-chain), il id
IR BE BT AL BV HONER H 1. AR, %5
2 A S /N OB A A it il B I, LR RE L
T USPAN. SR MR R ks — 5 M 5 45
(B BE) $RHIRIE I, AR5 3 H 2 SR voh LA
AN 3 TR 1) 3 S B R BRI W i Ao S T G 1 75 0
R P AR % USPAN, HUS-Span %5 5341
0 AR, AR 2 S0VEAE AR Al L REAT B 45 M v it
Seili2-141 2017 4¢, Zihayat 25015 7£ USPAN ()
Senh b, $2 T HUSP-Miner 59k, %575 £ 2%
T T AN T RIS 45 74 Ttem UtilLists (Item utility
lists) A1 HUSP-Tree (High utility sequential pat-
tern tree), LI i A4 T A 2R SRR AZ i A v i)
IR, 755 USPAN )52 5 b g 45 51 v AT LA
B, FUARIN SRR T 2 ERTE, IR
RESR M2 3 A%, O P SRR A2 i 0 (R I 2

B TR &, (REEARMIE LR, FEl
2540 I 1) 290023 )5 T AT A AR U ) — APk, AN 3L
TR T i AR B U A2 3 ik i SRtk B, 25—
A P I T 1 HUSP-FP (High utility
sequential pattern based on FP-growth). i%5%K
PR UG K10 T VR A2 3 = RO e A=, AT 1)
RN IR SN et X< N TR E R = E D
IR A . TR AU 2 e S D2 A U
To PP B s AR A2 4 LRI T AR i . HUI-
Miner!'®l, FHMI', HUPM-FPI8] 4 65 75 41 4k 2
PR R AR B TRCORIRTE, H iR Ao
£ E T R i S AR AU KT VR IR T e A B HL 5
W RS segs hE RO P AU IR AR S 5 X
NG, 45t HUSP-FP 4 R v ad B, 3R
EE MR ey it v 25O e SRS SR Rl B, 0 A S
IR AHY e, TFRRAHR SR, S A I A
4fff) HUSP-Miner. UPSAN 1 HUS-Span $y%:3k
AT ERCR X e, DL R S sk, %
JE A et N — 2B Ay 1)
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Table 1  High utility dataset

TID Transaction (item, quantity)

t1 (A,4)(B,3)(D,3)(E,1)

ta (B,2)(C,2)(B,1)(G,4)

ts (4,3)(C,4)

ts (B,1)(C,1)(C,2)

ts (A,2)(B,3)(D,3)(E,2)(F,9)

ts (C,2)(D,2)(C,1)(G,T)

tr (A,2)(B,1)(A,1)(A,1)(B,1)

EX 1. Wil £S5 ¢ TRIBONME, WA u(z, t),
e 3k
u(z,t) = p(x)q(z,t) (1)

I AR5 ¢t R 12, B0 B AE
F55 by P PIAAIE, 73508 6, 3. IXHLBEAE



41 JEHE Ak R R e R P B g2 i R 945

F I 2 DA FRIIUER O E, BB 14550
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Table 2 A Profit Table (External utility value)
TID Transaction (item, quantity)
A 3
B 3
C 2
D 2
E 2
F 1
G 1

EX 2. WL X 455 ¢ PRAAME, idh u
(X, t), HoE anrr:

U(X’t):{o, X¢t

sumgexu(x,t), X Ct

(2)

Bl Ii4E A, BRS¢, MARUHE RN 12 + 9 = 21.
Z e R EA R —FES PR 2 WO, #lna P
WAEB, CAEFS% ty PHHMES N A3 +2=5F13
+4 =7 XH¥ERE X1 PRERE, BURKE T A
A P IR 55 ty TR R .
EX 3. [Py Itk X EHHEE D hrRH A,
whu (X).
u(X) = sumyep u(X,t) (3)

IR A, BAEEHRSEH IR0 21 4 15 +
12 = 48.

EX 4. 4155 t MRNEBOY stu(t). HOET
PITAE 355 FR I U AT I, 58 SCAKanR:

stu(t) = sumgeu(z, t) (4)
In=s5 ts MRJUMEN 9 + 8 = 17.

EX 5. fEHHEE D KFFHMAMEN swu(D).

HoE X r

swu(D) = sumyepstu(t) (5)
Bl 1 Bl e b S osBOUME R 29 + 17 + 17 +
9+ 34+ 17 4 18 = 141.

EX 6. HTHHEE D, UL X MH5K
FERAN T S /N BOTAE, IR N e T04R, 15
D, ) A Ak Ak

swu(X) = sumxcy stu(t) (6)

Bl 3 i A, BAESE S P IR 55 0T 29
+ 34 + 18 = 81.

EX 7. ETHMEE D, —AIUERMAE
w(X) KT EEE T 5 /NSO, W I DAy e 2]
B, TN AEm R 2.

TR 1. w8 e 90 TR (1R 55 20 A A0 25038
AL JE M AR R I A T — M iRk
TR, AT — ARk AR (VR 4 2 — N Rk I . ik
B R P AIIUE X P FIEE Y — D4R, W
Y 2 X (A% B X Y M—T14E,
S D h s Y sk E e X,
MEE X WHREIEA—EAT Y, MES X 1
FHEMENALS D TERY MFETENHL,
I swu(X) —ERKTEET swu(Y). Jrbhf Y e
AL JE M — MR I, ) X — @ oMk
TR, 5 X AL RN, BIA G — Mgk IR,
MY —@EWAZ Mk midk.

2 HUSP-FPEZ%

FEATT BT T A A T A AU K
HUSP-FP LA AE i 2 M e 588 Q32 3 o it 2 H
Forp, 55 2.1 W T RN, FERDR O
SR IEARE] B b, B ARG T T RONE R, 5B
2.2 YIHER Tl fer A SRR g2 g 2T AT R e 2O
RIS S

2.1 Z=BWBYEL

DA 1 FIZR 2 (HE A, 158 e/ N BIE Dy 35,
Pyt 4 R AR R

P B R, gt & o RO
(Utility), S48 (swu), BEITTE R EHE LK H
HEZRWE 1 (a) P

I 2. KRS BHME swu /N T 35 1
iR, T FG # swu ¥J/8T 35, kR F. G,
OB E B kR WK 1 (b) Frs.

PR 3. FIREH R EIAE, ALK P H
IR TGN e, e T A It B AR TR S T 1) —
.

K1 HWE—-NFyE (A4,4)(B,3)(D,3)
(E,1) W mBIH b s Wil 1 () Brox. w55
MR T AU AE List = [12, 9, 6, 2]. K
L(c) RARTHE—ANFFZHMEHILER. K 1(d) N
IR 1 s 2 AR IEE MR, T ExF
- HILT A B T, fEfa IR B Il sk
H—A B BESAR T LA &, X S =1 5k
TR, HUCE BERARE BT — DL ARV IR R
TSR TR 0 N (1 B Ji — N EW SR T
DU I B 5 TR0 Y. () R0 FE B3 N 21 List (10 R I
b BB 4 ARSI IR S g R 1(f)
FEoR, MRS INGE 5+ 25 6 RIEE 7 ANZE454E, 2N
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BTAFESES, A B UL T 2 A A
WHRH A A MBI MRALE, B =4 A dxEH =
A AR RRALE, KUCRHE, K BT ROTE R B A
b I 55 ARSI G g R W 1 (g)
7. SkAR A Link 0 AR [R50 42 R 55 B
BEATEER, DU T AR R IS RO E. ARG5S
WA TR EF BRI 1 () ~ (e) FTow, A T EBIE

AR, &1 () ~ (g) EEATHH link XAV (12K
55 AR T (R 2k
2.2 NEZRWMEEZEMEFIIRR

EaR R R A 4 R B BEAT T A O, R
Fed S tls SR i 2] T — BB A— gk Sk R, Bk
HUSP-FP R IR0 K5 3032 i 4 8w 24 17 51
. ARSI EL 1 PR,

() B 4 A XN T
(f) The fourth transaction corresponds to 7'

Fig. 1

K1

item |utility| swu | link item | ytility| swu | link
A : A 90 i
33 | 90 item [utility | swu | link 3
B 107
B 33 1107 A 33 | 90 33
) 60
€ | 24|60 B | 33 [107 € | 24
80
D 16 | 80 c 21 | 60 D 16
63 )
A D | 16 | %0 Ll s
F| 9|34 2| s |6 Y EList=(12,9,6,2}
G 11 | 34
(@ H (b) A, (©) 5B 1 AHF AT T
(a)H (b) H, (c) The first transaction corresponds to 77
item |utility | swu | link
item |utility | swu | link e FER W
N 4 ] 33 |90 ™ B ]
A 33 | 90 ~
E B | 33 |107
B 33 | 107 .
T C 24 | 60
c |24 60| |
D 16 | 80
D 16 | 80
A E | 6 |63
E 6 63 i .
; A
RS B S=1{1
List= {6, 4, 3} E:List={12,9, 6,2}
E:List={12,9, 6,2}
(d) 5 2 DGR T () 5 3 M HIG T RM T
(d) The second transaction corresponds to 7 (e) The third transaction corresponds to 77
item| wtility | swu | link
item | utility | swu | link A 33 33
4 | 33|90 4 33 | 57
B 33 | 107 22 52
B
C | 24 |60 20 | 65
D | 16 | 80 10 | 7
6 | 63 C:S={1}
E D List= {4, 4, 2}
. . B:S={1}
E:List= {18, 18, 12, 6} List= {6, 4, 3}
E:List={12,9,6,2}
A:S=(3)
C. S=1{2}
List= {3, 2, 4}

B S=1{2}
List=1{6,3,3,3,3}

(2) FTATH 50 N T

(g) All transactions correspond to 7

PB4 R A i S 41

An example of constructing a sequential global tree
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&% 1. Mining(T, H, X, minUti)

N R T, R H, BIRE R0 X, o
JHE minUti.

B mRON SIS HUSPs.

Begin

1) For each item @ in H do /*from the order of ap-
pearance in the path */

2) If (Q.swu > minUti) then

3) X=X UQ

J/FIRTIEE X o o AR

4) If (Q.Ut > minUti) then

5) I X VS INE] HUSPs ;

6)  Endif
/AT X[ swu AN T NETHE,
RN AZ IR G T B

NI X P T R FSk3k sH
If (sH AR%) then

Mining (sT, sH, X, minUti);
) Endif
) eI Q MIIEE X il
) End if
) End for
End

1 AR R B R, R
X OB AF A S b (7 B Utility, [AAEST
21 95 4 AT TP DUE AT IUE X e K
A

MR M A, TS DL R i — 00y B Y
MBI . H RS4RI R E AR, U0 R LA
AR R P RO R, IR AL B — T4 2
FUAH Y ) 72748, A B 5 45— L B ] 475 4 59 LA
WA R I e A AR . AETH SRR R, Sl A
W 55 UMM swa 2 7300 2 P L e T v S L
FIRLGR A BT P AI B, (R 1 (g) IR AR
WS, A-B-D-E N —A i, i C Kk
B-C-B N A4z, T kE P HATIX 5 mic &
AFHII, WHZ I LR DIy A E-D-B-A-C.

XHUIE 1 (g) mH 4R fnsk R i, i W5
1T WA SRR, T E. DO
A5 TR LT B, X LR PRAZ I LATI B O e 1Y s
) e 25T e B IR A Dy s B . 2 Ab B R (I
1(g)) ol B i, B k& I B i) swu (AN
B/ EE 35, I AT DU TR X = B @I 7R A
Tk, ML

P8 ERMICKEIRH B B SR B E
B ERAE, Sl N R AT B 42 A-B 1
SHTHA B WM A, B. W4t B-C-B I
RIEE C. By By B. )it A-B-A-A-B (IXH
REMREFERISE —A B i) FAR4E AL B. B. B.
2 IO A 55 ROTHE v S, 53] B /¥

SLRWIE 2 (a) s, AR 2.1 454 R dor
FOU, MIBR swa AN A2 55 /N 80H] A 22 3K ) e FH T4
B. B Al C. B 21T k& W E 2 (b) B
7N,

P2, T LB NS, kKT
eI SR, KR LAZ TS RN SERR I T %
WEJEUAE F3 B 45 H 5 V48 0 AH 1 05, IS 28 — 4k %
RIFRBIIE B MK 2 (c) fiw, H Base
FoR T BATHEI B WA, A AR e e G
s R 2 (d) s, kgLl kR P i 5— Ik
HIAR G874 A, A. B M1 B, A. B, KILH
swu /N T I/ NEAE, BRI B IR 740 T AR A B 56
W AR AL B, AL A. B A1 B, A. B A&
MBI, kA, B 2 (e) WIZRR TAEE D 4
BT RSk 3R

2.3 HUSP-FP Bt 97

5075 HUSP-FP R A7 B S B 447 7 4
B b I H LA A2 B A I L SE RO
R AN SEAG T, IX AT L b 5 AN TR 27 AR s ik
AR, eI Rt #2 (& 2), WK s+
W, AR B SR R I EL SO AR K
P55 AR P AL g P sk, — B i 4 <R 5%
SOHAE swu /N T I /N BIE, WP T4, Al
PO 7B Sk 3R B BT 21 1 KR BE, it
SRR T AT

PLNUER] HUSP-FP e 4248 21 o7 1 = 2O
A, E R RIEE Z AT — AN m R T
B BA Z 2w s, W HARAT—
MR TR swu HAA S /N T I/ N, MR3EHE
1% HUSP-FP, J@AIi4E Z v it A7 B4R <% th B AE
2R SRR, Y Z AN 21 AR
HAZ AT LR, BT Z1 A1 Z h I R&
TR A A 1) swu AEEBA /N T a5 /N BIE, DRI IX 267
VA G AR o AR 1Sk R rh, b1k R
I Z1 R Z A I Z2 A A N AR
TWitE Z1. Z2 1 Z W H ARSI P HI 4 & o HIAE
Bk R, IR BT 2, —EREB1S 3 Z P
A0 A = U e A e

5or ks Tk 1) 2 A B L HUSP-
Miner. USPAN Al HUS-Span #tt, HUSP-FP fg
B A B IS K 7 VR AR B P A 3O e A
I HARYE I 7 v e i g 1.

2 Jey R TR S 55 R A7 i 5 R A REDOE 1R L, 3K
5 F Aty = 2SR Tk 30k I B A 38 17T 49 21 i 280 e B A
K EA AR AE, X402 HUSP-FP #8 % I
BT I 23 R 1) B IR, AH OC BV 1) 5 4% 5 L
WA WK 3 .



948 H ) (4 £ E{: 474
item |utility| swu| link
item |utility | swu | link -
AB| 45| 72 A,B| 45 |72 A .
- " ik A: List= {18}
t t /
B, B 15 31 item |utility | swu | lin| Base = 18
C,B| 7 |13 AB | 45 |72
() H (b) H, (c) {B} AEEIXS AR sT
(@ H (b) H, (c) Sub-tree s7 for base item {B}
root
item |utility | swu | link

AB| 45| 72| | || 4 List={18}

Base =18

A
Eln
A4:8={1}
4
A4:S={3} ;
List=1{6,3,3,3}  [¢
Base =3

(d) {B} AFEIX N sT
(d) Sub-tree sT for base item {B}

K 2

item |utility | swu | link

A,D | 30 54

B,D | 30 54 |

B: List= {18, 18}
Base =12

(e) {D} AFIETR N T4 sT
(e) Sub-tree s7 for base item {D}

Fey p ks sl

Fig.2 An example of constructing a sequential sub-tree

®3 HREREHE

Table 3  Comparisons of algorithm complexity

FE AP
HUSP-FP &)=
HUSP-Miner J¥#5I1%#
USPAN #4154t
HUS-Span  FFHIM 28

AT RORAE At ErE I WIEY 1% 195 751
Mg B, —Rtse B
JPHIR SRR, W A
B BOSER, FRETTN f
BER RO B IR AR R T

3 XBEER
31 EREZE5FAE

#9% HUSP-Miner. USPAN A1 HUS-Span &
I I 2 S R G 1 e O e A A2 B 5, A
SCHTHE I S HUSP-FP X = RS0 T %t
Ebor M. S35 java g B8 5 928, 92461
#: Windows 7, 10 GB Memory (Java heap size
is 1.5 GB), Intel (R) Core (TM) i5-3320 CPU @
2.60 GHz.

32 SR

AR 8k B SPNFIT RSzt [20], 4t
4 NHESEHHEEE, 35 Bible, FIFA, Kosarak 10k,
SIGN. Hrh, Bible & —A~ B A b &5 7 41K (1) B4

HHELE, FIFA 22— DN EARZ KPR % Sk
%, Kosarak 10k W2 N5 56 7 91 1604 i £ ffs
4, SIGN 2 R AT F1 R [ B 3 Hodla 4%,
Bl S 2R S MR LG 1Y, R T HE R 1 B AR
WAERFL, PTILEK 4 oK.

R4 FEEREHR

Table 4 Data characteristics
e TR ARSI IRIE  PA 3% M
Bible 13905 21.64 36 369
FIFA 13749 45.32 573 060
Kosarak 10k 39998 11.64 638811
SIGN 267 93.00 730

3.3 BaSg®

SVEIAT I R] 23 B de /N ORI (dse/NBIARL) 1)
SEIN I REAR. 58— AN LI A T AWl NI R,
VLIS AT I [ RT A AR AE XS B, B 3 4 T AEANE
B BSR4 BhEIRAE 4 AN R IIE AT R ) %
tb.

TG (1) 4130 25 FH B R H SR [21—22] P U7 ik,
B A BENL AR — AN EUE (K T45 T 0.0100, /b
T4 T 10.0000). MK 3 rhnl LLE B, B H VLI
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300+ = HUSP-Miner
— e USPAN
—#A— HUS-Span
— % HUSP-FP
200

Running time /s

17 .\.—.\I—I

0 T T\f—'—riv — ] %
0.020 0.022 0.024 0.026 0.028 0.030 0.032
Minimum utility threshold

(a) Bible
600 — —m— HUSP-Miner

—e— USPAN
—A— HUS-Span
—%— HUSP-FP

400 -

o

£

=

g

g

2 2004

D S %
O T T T 1
0.0174 0.0176 0.0178

Minimum utility threshold

(¢) Kosarak 10k

1000 .
—m— HUSP-Miner
—e— USPAN
—A— HUS-Span
7501 ——% — HUSP-FP
5
g
= 5004
on
g
g
=1
o~
2504
0 e %
T T T T T 1
0.08 0.10 0.12

Minimum utility threshold

(b) FIFA

—&— HUSP-Miner
900 ~ —e— USPAN
—#A— HUS-Span
—&— HUSP-FP

B

e

600 +

Running time /s

300

——
*\7\,,*\\\

* %

0 T T T T T T T T T T T 1

0.008 0.010 0.012 0.014 0016 0018 0.020
Minimum utility threshold

(d) SIGN

K3 iEATI
Fig.3 Running time

()0 AT 2 T RORIR T, AN 4R BT BUSR ik
B 1 ABEHU . T AR ARG TR AT
R AR 2 HUSP-FP 80323 5 18] W 48 1)
PR 4, ANk Bt A5 {0 8, AH b At B0k
Ui, HUSP-FP (W24 i AR 40 LB PR X140 )%
Y54 Bible fl Kosarak 10k ki, i+ HUSP-
Miner. USPAN A1 HUS-Span 7 S f vh = 4
TR Z WML, I3 SO I R T K.
X K5 % BE 4 FIFA F1 SIGN, =809k
SEATH TR Z I AT, a0 T8 4 SIGN,
2 /N BEIE F] 0.018 % I, BRI C 6 2% 3 )
B 2R, REEAI AR AR T Ko i ) AT % i
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