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Mining High Utility Sequential Patterns Using Sequence Utility Lists

Jong Soo Park’

ABSTRACT

High utility sequential pattern (HUSP) mining has been considered as an important research topic in data mining. Although some

algorithms have been proposed for this topic, they incur the problem of producing a large search space for HUSP:

s. The tighter utility

upper bound of a sequence can prune more unpromising patterns early in the search space. In this paper, we propose a sequence expected

utility (SEU) as a new utility upper bound of each sequence, which is the maximum expected utility of a sequence and all its descendant
sequences. A sequence utility list for each pattern is used as a new data structure to maintain essential information for mining HUSPs.
We devise an algorithm, high sequence utility list-span (HSUL-Span), to identify HUSPs by employing SEU. Experimental results on both
synthetic and real datasets from different domains show that HSUL-Span generates considerably less candidate patterns and outperforms

other algorithms in terms of execution time.
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Table 1. Profit Table

item a b c d ®
external utility 3 4 1 5 2
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A ERIE| BIAEE MES] =2 RECIEl A THE EAF 718 53

{(@,9)0.1)}, {(a4)®1)(e,2)} 5 E3FapARE e}
{(a,2)(e.2)} st {(a,4) (e, 1)} & 23ebA] At

A4 2 A A2 t={(XX.. X )7} A E 2
s=(N Y. Y, e FEAEAZE HEd X <Y,
XLeY, .. XY E wEes 1<j,<j, <.

<j, < mo] EABHE 20| Hook sta t & s2 ®7|STh

Axe k-AlEze Bea, 239 Aol kolvh 2 Al
3]

o Z7le o ARz Qi FBYGES Ak
& £W, Table 29] AlAx 5,9 Zole d&EEo| tf
=

A7) QoA Bola, 1 Fmv)E FEPFE] F A U

2 20|},

e 4 AEE soll A g A FEPEE] F5 ie] fd

e = ulig,s) =p(i) xqli,j,s) 2 FoAr]
A= B9, u(b,2,5,) = p(b) xq(h,2,5,) = 4x3 = 12,

39 5. ARz solA ¥ A FHAT) I G2
T Xel FReEE et ol Yok

u(Xojs) = Y ulisjs) 1)

iEX

dz =9, w({bd}1,s,)
4X2+5x2 =18

= u(b,17s4) + u(d,17s4)

A 6. t7F s9] MEARAY W 1< <
<j, <mo]i X, < Y, eV, . X< YJ.O]

AR Gpodoremdiny A ¢ 1228 A(instance) & 2Tl

Elaias )

s €W, t = <a (b d>e s = <{a, ¢}
=

ox
o
=2
B
=
o
u)
Au)
fu)
il
x
=
ek
£
o
>y
1o
L
2
oo
i,
o



54 HEMeIG=X/AZER0 & H0IH 33 M7a X2=(2018. 2)

<]17]27 ’]k> Oﬂ}ﬂ t’]
A o)k

d5 B4, ul<albd}> <1,2>,s,)
u({b,d},2,5,) =9 + (8 +5) = 22

A 8 AA2 soA Al%i to] fEHEE ults)2
F)E 3 so] &3 o] BE QA
dgez AHojdch

? <j17j27"'7jk>’5)| v <j17j2v"'vjlc>:

PE (XY ) @

d% EY, ul<d>,s;) max{u(<d>,<1>,53)7
u(< d> 2>733} = max{10, 5} = 10.

u(t,s) = max{u(t

49 9. AHz dolEolz SlA ARz 1ol fd
e u(t) 2 37155, ohgy o] Aok
ut) = Y, ults) (4)

SESANtC s

u(<a{b7e}>,52)+ u((a{b,e}>,s5)

A9 10 AHEA-AA HA FEHE
2~ dojg o] Gol A Al ol disl] weF w(t) = o]
W AlE2 5 SolA =2 FE2E £ € (high utility
sequential pattern)o]@} F-E2t}, wlebr FEE AP dlo]
Hullo] 2~ §7} FolAal Ha FEEE JA# g7 A
W, =2 FEEH &2 Jds SAlehe BAE

g

A,
Z =] - T O
= R

UAFe] g Al

é“-:ﬂ

SellA ¢&

4. HSUL-Span 2112|&

RSEESEETTSILTIEEES | 7=
1 Az dolE Moo &3 ZF Ao tiE FEelE
W EZA~E whETH13) 14]. Table 3 Table 29 A WA
Afzo dig AlEs fFEElE wEZ 2ot} Table 3914
gaE wEg 29 AWAE gid2 WA Table 39

FA% FAE I, ruE 1 AFE2A I FE o]F ] 1
A -2 2l €] (remaining-utility) & WEFATE Table 29 s,
Aol R WA FEAG (d 28 FE A2 202 T8
S Yelfa, Table 1914 d& 59 71525 7HA 2R o]
o] FEHE wiz 100] Ak Y A-F=E rudl O

_<|§r
2t e (u, re)d) Be 7HE H, ue 2 359 7E
2]
|

o
ol
Lo,
o =
2
N
T
il
ot
‘?_L
o

Table 3. Sequence Utility Matrix of s,

items itemset 1 itemset 2 itemset 3
a (0, 34) (0, 24) 9,7
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Fig. 1. Lexicographic Tree for the Example in Table 2
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Algorithm 1. HSUL-Span-Main(.S, £)

Input: The sequence database .S and the minimum utility
threshold &

Output: All high utility sequential patterns

1. Map<Integer, Integer> mapltemToSWU = new
HashMap<Integer, Integer>();

im = NEW
ArrayList<TrimSequence>();

= ScanAndTrimSDB(.S, &, mapltemToSWU,

SDB

trim

2. List<TrimSequence> SDB,

3 SDB

trim

);
4:  List<UtilityMatrix> MAT. = new

seq
ArrayList<UtilityMatrix>(|SDB, ;.| )
5 Map<Integer, ItemNode> [UL— SET = new
hashMap<Integer, ItemNode>();
6 IUL—SET = SeqMatrixAndltemUtilList(SDB, ., &,
mapltemToSWU, MAT,,,);
for each item i€ IUL— SET with SWU(i) > ¢
if SEU(i) > ¢ then  // refer to Def. 16 and Eq. (9)
if wu(i) > ¢ then // refer to Def. 12 and Eq. (5)
0: output 7,
1 HSUL-Span(§, i, UtilityList(i));

je=ole el

Fig. 2. HSUL-Span-Main Algorithm
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Algorithm 2. ScanAndTrimSDB(S, &, mapltemToSWU,SDB,,..) Algorithm 3. SeqMatrixAndltemUtilList(SDB, ;,,, ¢,
————————————————————————————————————————————————————— mapltemToSWU, MAT,_ )
Input: The sequence database .S and the minimum utility | [
threshold § Input: The trimmed sequence database SDB,,,,, the minimum
Output: Trimmed sequence database, SDB,,,,, and utility threshold &, and the mapping item to SWU,
mapltemToSWU with § WU(?') Output: The sequence utility matrix, MAT,,,, and
1: Map<Integer, Integer> mapltemToSWUZ = new the set of item utility lists, JUL— SET
HashMap<Integer, Integer>0); It List<UtilityMatrix> MAT],, = new
2 totalUtility = 0; ArrayList<UtilityMatrix>(|SDB, , | )
2 for each sequence s; €5 with seqUtil // scan the S N 33’.18 lityMatrix>(| 2 viml )3
4: totalUtility += seqUtil; // add this sequence utility o f/ / maki the utility m;tr;; B ith seqUtil
5 for each item jE s, : or eac f sequenc;a S; Phrim with seqUti
6: swu = mapltemToSWU2.get(j); 3 [/J/tlielf/f EO.XDG ) tl.lx afd Iablli.?t Matrix(s.):
T swu = (swu == NULL) ? seqUtil : swu + seqUtil; tyAtatr et ) new DHyASatxt s »
8 mapltemToSWU2.put(j, swu); 4 AMY;eq.add(matnX),
9 ¢ = totalUtiltiy < & 6. for each item i< mapltemToSWU
10: SDB,,,, =5; // make the UkilityList(i), refer to Table 4
11: while (true) { 7 if (SWU(i).Z‘S) then” C .
12: for each sequence s;€S8DB, ,, ~ with seqUtil // trim 8 ArrayList<ItemUtilityList> %temUulLls.ts' - new
) o ' ArrayList<ItemUtilityList>();
13: swu; = 0; .
14: fi 7' h item jEs, with mapltemToSWU2.get(j) > & i for each matrix & MAT,
- or eac 1ien'1 ]' 5w map em-(.) BERII =S 10: itemUtilList.add(new ItemUtilityList(matrix,
15: Swu; .+7 ]umll’ . / / '1ter.n*ut'11t1‘y row, itemset, util, remUtil));
16: save item with item-utility in (5, ji;)); 11 ItemNode i_node = new ItemNode(%, itemUtilLists,
17: TrimSequence seqT = new sumUtil, sumRemUtil);
TrimSequence(listOf(j, j, ;) with swu,); 12: TUL— SETput(i, i_node);
18: SDB,,;,, .add(seqT); // add the trimmed sequence 13: return IUL—SET,
190 mapltemToSWU.clear();
200 for each sequence s,€SDB, ., with seqUtil Fig. 4. SeaMatrixAndltemUtilList Algorithm
21 for each item jE s;
22: swu = mapltemToSWU.get(j); S g7t Ha, o] e oA AEA fEgERT 2
23f swu = (swu == NULL) ? Se.qUtll Cswu + seqUtil; U 27 "k g olate] gESo) 77t dojuix %Lg?i
24: mapltemToSWU.put(j, swu); ~ - L
250 if (mapltemToSWU.size() == mapltemToSWUZ2.size()) = 26014 FAK AR HolEuo] S wkEhgth
26: return SDB, ., Fig. 49] ¢1gF 3& goldle AldL dHolE o] 29
27 mapltemToSWU2 = mapltemToSWU; // in SDB,,,. 7t Ao e e WEYAS Table 33 o] [t
% £ 2nelE 39 % 6-12 AL $AR Ads dolH
Fig. 3. ScanAndTrimSDB Algorithm Hloj oAl zt Fe] SWUO gho] (nrt Ay £ &
ol iste] Table 494 #o] 35 FHEH Y2EES whE
SWU grel H& ey g2tk 27 e d&Eu v thoo] W wrEoX 5 fHE fY2rEES [T
= #5E FEh o ¥ Fig 39 ¢ndF 204 4A S-Hge] Fr 27t Ak
8] Augtt daEE 19 F 694 HoldEs FHER o G F 49 = 1o I-8FS st 2ad FEE
FojA ZF Ao thEte] AEA FEHUE wEZ A 7H [-Set& VeI, & 204 2 J3o x3gE IFEF FlA
Gme) fuIE PAEE VL P R o §4 @ BB SEUL eut A2 Ae 4UA 9 gEolm
© Fig. 49 ¢1gls 394 Asdn. & 7~1194% 2 I g2 AYgE £ 3004 I-Setell Holde ZF 5
o] feeE giEddA AtE SEUS fro] wth 2 = = 49 AT gE ARSse AR AEs ddel
A Zow A9 Egle] A WA Hilo wE7} FHolA t'o] FEHE Y2ES e & 404 wEX Alfx
5o 2 AP 2Ed gt HUSPE ®Alste & 8 t' = HUSP9 % H(candidate HUSP)7} "t} A<] 169] 9
ok = 10914 2 359 AA fFEeE gho] (BT AAY gkt A ol REHER] SEU) S Axtstd 1
Zow HUSP7 &3¢t Fro] ¢rty AAY 2o & AAAA =& FHYEH ¢
Fig. 3¢] ¢85 2+ 9=l Alf~ dolguo]~5 ¢ #} 9 €l (potential HUSP)o] 'tk & 6004 "9 FHelEll
olA z} @&l SWUE et AR -A4 H4 frEe u(t)el ¢ Bop AAY 2ow A4 HUSP7F @t} 18x
B QA AR QTEE 29 F 10288 4 AA pe 08 24 S S A6 A7 5EA. 9a
zo) A =] SWU gho] AHEA-A74 H4 FEEE oA gF 49 F 9~16% S-HFS T N2 AH2E TE
R Z2AY F 5RO Al Fith GAR # 3 FH HUSP, #A4 HUSP, 18l A4 HUSPE %
559 fEHE @5 fatd 2 AE2Y ARE AlEs = AL HojE
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Algorithm 4. HSUL-Span(¢, ¢, UtilityList(t))

Input: The minimum utility threshold £ and a sequence t
with utility-list TtilityList (t).

Output: All high utility sequential patterns

1: [—Set = find[-Set( UtilityList (t));

2 delete low SEU items from 7I— Set

3. for each item i€ /—Set do // candidate HUSP

4 UtilityList (') = I-Concatenation( UtilityList (t),

UtilityList (i) );
if SEU(t') > ¢ then // potential HUSP
if u(t') > ¢ then // HUSP

output t';
HSUL-Span(¢, t', UtilityList(t'));
9 §—Set = findS-Set( UtilityList (t));
10: delete low SEU items from S— Set;
11: for each item i< .S—Set do

5
6:
T
8

12: UtilityList (t') = S-Concatenation( UtilityList (t),
UtilityList (4));

13: if SEU(t') > ¢ then

14: if u(t') > ¢ then

15: output t’;

16: HSUL-Span(¢, t', UtilityList(t'));

Fig. 5. HSUL-Span Algorithm

dnF 49 & 194 I-Sets UtililtyList(¢)ol| 4] 3}
= &aEE 57} Fig. 604 71t 4ags 59 + 290
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o] F(r) el o FEE FolA FEEE Fhol
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Algorithm 5. findI-Set( UtilityList (t))
Input: The Sequence Utility List of ¢, UtilityList(t).
Output: 7— Set for I-Concatenation items of the sequence t.
1: Map<Integer, Pair> mapltemToSEU = new
HashMap<Integer, Pair>();

2: for each tuple 7= <s, r, ¢, u, ru> € UtilityList(t) {
3 for (row = r+1; row < s.itemNames().length; row++) {
4: item = s.itemNames[row];
5 if (s.utilityMatriz[row][c].u > 0) {
6 Pair curSEU = mapltemToSEU get(item);
7 tempSEU = u + s.utilityMatriz[row)(c].u

+ s.tilityMatriz [row)c).ru;

8 if (curSEU == null) {

9: Pair pair = new Pair(); // (lastSID, seu)
10: pairlastSID = s.sid;

11: pair.seu = tempSEU;

12 mapltemToSEU.put(item, pair);
13: } else if (curSEU.lastSID != s.sid) {
14: curSEU lastSID = s.sid;

15 curSEU.seu += tempSEU;

16: }

17: }

18 )

19: }

20: return 7— Set from mapltemToSEU;

Fig. 6. find/-Set Algorithm

Algorithm 6. I-Concatenation( UtdlityList (t), UkilityList (i))

Input: The Sequence Utility Lists of ¢ and i, UtilitylList(t) and
UtilityList ()
Output: UtdlityList (t') with sequence t' =t « i
1 ArrayList<UtilityList> tPrimeUtilityList = new
ArrayList<UtilityList>();
2 j=0; // start index for binary search in UtilityList (i)
3. for each tuple 7, = <s,, r, ., Tu,> € UtilityList (t) {
j = BinarySearchB( WtilityList (i), s,.sid, j,
UtilityList (i).size());

¢, U

=

5: if G>=0){
// j-th tuple of UtilityList (i)

6! tuple 7;; = <s;;, Ty Gy Wy TUGDS

7 start_j = j;

& do { // for the same utility matrix

9 if (¢ = ¢;)

10: taneUtlhtyLmt add(new UtilityList(s, ., r

ij tigr

Cjr Uy T, U ));

11: i+ // index for the next tuple
12 if (G >= UtilityList(i).size()) break;
13: else tuple 7;; = <s;j;, 75, G Wy, TUS

14: } while (s, == s,,);
// tuples of UktilityList(t) may have the same sid

15: j = start_j;

160} else {

17: j = - -1, // start index of BinarySearchB()
18: if (G >= UtilityList (i).size()) break;

190 )

200 )

21: return tPrimeUtilityList with sequence t' =t « i;

Fig. 7. I-Concatenation Algorithm
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Fig. 9. Memory Usage on the Four Datasets




Table 6. Number of Candidate HUSPs, Potential HUSPs, and
HUSPs on the Four Datasets

dataset i3 Algorithm | |CHUSP| | [PHUSP| | |[HUSPI
USpan | 340,114202| 2486462| 36170
DSI |000072| USpan2 | 332786417 | 2486405| 36,170
HSUL-Span | 4989640 | 2476,747| 36,170
USpan 5230107| 270276| 467
ko;gf{ak 003 | USpan2 866280 270276| 467
HSUL-Span | 335312| 266368 467

USpan 41,366,162 | 5,831,960 1,058

DS2 0.0007 USpan2 22,981,781 | 5,831,934 1,058
HSUL-Span 7844,119 | 5,829,623 1,058

USpan 988,669 98,592 10,105

retail 0.007 USpan2 156,649 98,591 | 10,105
HSUL-Span 93,200 98,135 | 10,105
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