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Abstract
patterns. The indicator can evaluate both frequency of sequential patterns, and relationships between the patterns and their spe-

This paper proposes a new indicator, called sequential interestingness, in order to discover interesting sequential

cific sub-patterns. This paper shows the indicator satisfies with apriori property and shows relationships between the indicator
and previous indicators: support and confidence. This paper also proposes a method that efficiently discovers all interest-
ing sequential patterns based on the sequential interestingness. In addition, this paper verifies its effectiveness by numerical

experiments based on sequential data of daily business reports collected by our SFA system.

Key words Sequential Pattern Mining, Apriori Property, Support, Confidence, Daily Business Reports

1. 0000

gobooooboooooboooobooooboobooooobooooo
O00OWebOOOOOOOOOODOOOOODOOOOOOO
gooooobooooboobooooooooooboboooooboo
gboboooobooobooboooobooooooOoboooooo
goboooooobooooobooobooooobooboooooo
ooooOoooOopBlooooooooooooooooooon
gboboooobooobobooobooooooobooOoooo
gooooooboooboobooooooooooboboooooboo
000000000 oo0ooooooooooooooo 4]
0000000000000 000O000o0OoOO tendOOO
o000 tendD 000000000000 OOOO trendOO
000000000000 00O00000O0O00oooo [11]
gboboooobooobooboooooooooobobooOoooo
gooooobooooboobooooooooooboboooooboo
0000000000000 0000000000 2000

00000000000000000000000
000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000
0 [9][10]000000000000000000000N00dO
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000 []6][000000000000nnnn
0000000000000000000000000000



gooboboobooboobobooboobOoooooboooobo
gooboboooboooooboobobobobobobooobo
gooobooobooboobooobouobooboobobo
00000000000 ROD0D00oooooooooon
gooboboooboooboboobOobOoboboobooooo
00000oo0ooooo[7]oooo0oo0oooooooo
goobobobooboobobooboooboooboooooooo
goobobooboobooboboooobOooooobooooo
O000oO0o0oooooo prefix-growth 00000000000
goobobooboobooboboooobOooooobooooo
gooboboobooboobooboooooooboooooooo
gooboooboon

gbobooboooooboobobooboboooooboon
goobobooboobooboboooobOooooobooooo
gooboboobooboobobooboooboooboooooooo
goobobooboobooboboooobOooooobooooo
gooboboobooboboobooboooooboooooooo
gobooboobboooboobooboobobooboboo
00000000000 Sales Force Automation (SFA)O O OO
gooboboobooboboobooboooooboooooooo
gooboboboobooo

2. 00000

21 00000
000000000000000000000000000
0000000000000000000000000000
00000000000000O0 ()000 (000000
00000000000000000000

supp(s) = 2202 (1)
_ fs(s)
conf(s|sp) = .05, (2

O000f()00000O00O0 sO0DO0OODODOOOOOOO
NODDDDDOOOOOs,CsO00000 10000000
Ustdbboobod s, Jb0ooooocooooo

et *Yolc;
B.O O-Os.--t-tj

01 000ooooooo

gobodoobooooobooooooobooooboooobooa
00o0o0o0o0ooO0o0oooOo0ooOoooO@EWooooo)o
gboboooobooobooboooooooooobobooOoooo
goboooboooooooobobooooOoobOOoOobOboOoooo
gooooobooobooooboooooooboooooo
gooobooobooobooobooboooboooboooo
goboooboooooooboobooooboooooboooboooooo
goboooobooobooboooboooooobobooOoooo

goooobooooboobooobboooobOoooobooooo0oo
gbooooobooooooooooooooo
gooooooooboooooooboboooobooooDboo
gobooobooobooboooobooooOooobOooOobooOoo
gooooboooobooboooobooooOoobobOboooo0oo
gooooboooobooboooobooooOoobobOboooo0oo
gbooboobooooboooobOoboobooooOooOobooooo
gooooboooobooboooobooooOoobobOboooo0oo
goboooboooobooboooobooooOoooobooOobooOoo
gooooboooboobooobbooooOoooobooooo0oo
goooobooooboobooobooooOoooobooOobooOoo
gooooboooboobooobbooooOoooobooooo0oo
gbooooboooooooobooobooboo0oobOOooDboooon
0000o0ooooooooooooogo 200000000
gooooboooobooboOoooooooOoooobooOobooOoo
goooooboooooobooobboooobOoooobooooo0oo
gboobooboooboooob0oboOobooboooooooo
goboooobooboobobobobooboooooooooo
goooooboooooobooobboooobOoooobooooo0oo
obood
0000000000O00o00[12l00000ooooo
goboooboooooooboOoooooboooboOoooDooo
gooooboooobooboooobooooOoobobOboooo0oo
gobooobooobooboooobooooOoooobooOobooOoo
gooooboooobooboooobooooOoobobOboooo0oo
0o00o0oo0o0oU0ooOoOoUoooOoUoooGsPBlO
gooooobooooooboooooboooobOoooobooooo0oo
gboboooboooboboOoooooooOooobOooobooOoo
goooobooooooboooobooooOoobobOboooo0oo
gooooobooooooboooooboooobOoooobooooo0oo
gbooooboooboobooobobooooOoooooOooobooOoo
000000doooooooooooooogooogo 200
gbooooooboobooobooooo
gooooooooobooooooobbooobooboooooo
gbooooboooboobooobobooooOoooooOoooobooOoo
gooooboo
22 00000000
gooooooooooooooobbooobooboooooo
goooobooobooboOooobooooOooobOooOobooOoo
gooooboooboobooooobooooOoooobooooo0oo
goooobooobooboOooobooooOooobOooOobooOoo
goobooooboooboobooboboobooooooooo
gooooboooboobooobboooobOoooobooooo0oo
goooobooooboobooobobooooooooOooobooOoo
gooooboooooobooooobooooOoobobOboooo0oo
gooooboooooooboboOoooOoOobboOoooDooo
0000000000 00oo0o000o0 ®Uoooooooo
) (e

1
R TN ©

inst(s) = min {(

spgs



O000ee(z0)00000000000000O0DO0ODOOO
gooobooooo sbooooooooobobooooo
gbooooobooooooobooon s, 00b00b000OOo
goboooboooobobooooooobooooodbla=00
goboooooboooooobboooooboooboooooo

goboopooooooo 1|:|I]|:II]I]I:Imin(;):L
AL APS L A®

gbooooooboooooooooboboboooooobooo

gboboooobooooooooooooobooo
[00]s1,s:000 s:C5-000000000000000

gobooooboooboooooooo

)} % (fa(s2)) 1+

inst(s2) = min {(

SpESz fS(Sp) N
1 oy o (f(s)H
< 5m1n {(fs(sp)) } x N
_mln[smln {( 8(1 ))a}
min 1 a (fs(sl))(Ha)
Spg((spg32)n(spgsl)) fs(sl’)) }] X N
: Loy o (Fs(s)r)

< i gy = it

oo ooooogoouooogd
0000 ()000000000000 40000000
OoOog

o ()0
)y
£(8) v £as)
Loy L @

- mlcn {(conf(s]s,))*} x supp(s)

Sp=9S

inst(s) =

mm {(

= min {(

O (4)|:||]|]|:||:||]DDDDDDDDDDDDDDDDDD
JOoooooogogoooooooooooooooooooo
Jdoogoogooogogooooooo

0000 (3000000000000 (500000000
O00000ey0000OO0OO0OOOO0OOOOODOOODOOOO

Ly ()0
ACSUR A
1 (st
max (757" N

Sp=9S

inst(s) = min {(

spgs

1 BCAC) S
max {(f.(ev))"} N
oy el

. 1
= min{(77
= min {(conf(slev))"} x supp(s)

0(G)000000000000000000000000
0000000000000000000000000000
00000000000000000000000

00000 400 ()000000000e0000000
0000000000000000000000000000

goboooooboooooooobbe0ooooDboOoOooo
goboooboooooobobeoooooboOoOoOoOooooo
goooooooooooooooobooobooooboo
gboooooboooooooooobboOoooboboOobooOoo
goooooboooooobooooobooooOoobbOoooo0oo
gooooobooooooboooobboooobOoooobooooo0oo
goooooooooooooooooooobOooooooo

0<a (6)

0<n<m (M
0<n<y ®)
0<m<sz ©
Cryzry (10)

O000On,mO0000000 Sq,8 000 fs(sa), fs(ss)0y,
z 0 max {fi(ev)}, max {f.(er)} 0ODDODOODOODOD
00000n0yOmO 000000000000 sa, s 0
000000000000 000000000000000
0000000000000000000 (80900000
0000000000 »mO00000000 §2z00000
000000000000R0 yOmO 2000000000
000000000000000000 (6)0(10)000000
000000000000

n . o+l

(=)= zz2y (11)

m
0000000D000000000 S(x 000200000
oooooOoOooooooo

o+l

y [
y=(2) * x
im

5,09

at 1
0 m , a

1
02 00000000000

000000000000000 00000 (T,
L(z) 00000000000

DDDISQDDDDDDDDDDDD
T

n . otl

Sa(x) = (=) > z—n}dx

s

B
3
o

| =
R
H
=

[
21
-
|
8
o
|
3
8
i
t

3=
B
°

Q
R+
-

Il

—_~
o= N
S

V)

|

3

~

——

33

~—

2(a+1) atl
o

|
~
N | =
—
¥
~—
—~

R
H
=

|
K
|
3
H
+

33
[N~}
N
d



000000000000 000000 a,B(a>p>0)0
O00o0oo0o0oooooooooooo (13)ooooo
ooboo

00000a>4>000082 > > 000002 <1
0000000 (13)0010000000000007 — oo
00000000200 7000000000000000
00000000000000«0000000000000
0000000000000000000000000000
00D000000000000000000000000a0
0000000000000000000000000000
00D00000000000000000000000000
00000000

23 000000D0O0O00000000000

000000000000000000000000000
00D00000000000000000000000000
00D0000000000000000000000000D0
00 AprioriAll[1] 00 00000000000000000
00D0000000000000000000000000
0000000000000000000000000000
00D00000000000000000000000000
0000000000300000000000000000
00D00000000000000000000000

010000000000000000000000000
0000000000000000000000000000
00D00000000000000000000000000
0000000000000000000000000000
00D00000000000000000000000000
00000000000000000000000000000
00D00000000000000000000000000
0000000000000000000000000000
00D00000000000000000000000000
0000000000000000000000000000
00D0000000000000000
020000000000000000000000000
0000000000000000000000000000
0000000000000 200000000000000
0000000000000000000000000000
00D0000000000000000000000000D0
0000000000000000000000000000
00D0000000000000000000000000D0
0000000000000000000000000000
00D0000000000000000000000000D0
2000000000000000000000000000

od0bOoOO0OO0bOoOO00O0oDbOoOoOobobOoOoobooOooag
poooboboooobbooobboooooobooooobo
Jdo00200000000000000000DO00O00O000
pooobobooboboooobooobobooobooooog
od0bOoOOo0obOOoO000obOO0oOoOobObOooobooooag
od0bOoOO0OO0bOOoOO000oDbDO0oOoOobObOoOoobooooag
Jjo0do00ooooooooOOooooOoboOobOobD 200000
Jod0bOoOOo0obOOoO0o00obOoOoOobobOooobooooag
oo0obbOo0o0oboooboboooobooobboooo

JodoooooooooOo 20000000000000
gooobobooboboooobooobobooobooooog
Jdooo0ooooooooooooooooooooo 3000
goboooboob0oboooooooboobobooboobooo
Jdoo00ooooooooooooooooo 20000040
gob0ooboob0oboboooooboboooooboobooo
0o30000ooo0oooooooooooooooooog
00(G—2)0000000000000O0000O00oDoOo
((-1)00000000000000 {ev,---,evi—a, evi—1}
{evi, - +,evi—z,ev; } 00000000000 ¢000000ODO
o000 {evi, --,evi—g,evi—1,ev; } 00000000000
od0bOoOOo0obOOoO000oDbOO0oOoOobobOoOoobooooag
000000 (oUopoooo)0oooUoOooUoooUoooo
300:;0000000000000000DO000D0DO0O0O
pooobbooboboooobooobobooobooooog

G-DEDAREED MBOARUERED
BEBIGISUMNES  BRSUMER

03 000oooooooo

od0bOoOOo0obOOoO000oDbOO0oOoOobobOooobooooag

fs({evi, -+ evi—a,evi—1,ev;}) 00 0000O000O0OOOOO

DDO000000O0o max {fu(evi)} O
evy €E{evy, -, ev;_o,ev;_1,ev;}

0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
04000000000

max
evg E{evy, evi_1,evi,eviqr}

{fs(evr)}
}{fl(evk)}, (14)
{fs(evi)}]

evp €{evy, -,ev;_1,ev;41}

= max|

evg €{evy, ,evi_1,ev;

o00oo00o0o0ooo0OD ((—-1)000o0ooooboooo
gbobooobooooboobooobobooooOooooobooOoobooOoo
gooooooooooooobooooooboooDboo



0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000 100020
0000000000000000000000000000
000 1000000000000
030000000000000000000000000
00000 10000000000000000000002
0000000000000000002000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000200000000000000000000000
0100000000000000000000000000
0000000000 200000000000000000
0000000100000000000000000000
0000000200000000000000000000
0000000000000000000000000000
00000 200000000000001000000
0000000000000000000000000000
003000000000000000000 30000000
0000000020000000000000000000
0300000000000000000000000000
0030000000000000000000000000
0000000000000000000000000(k—1)
0000000000000 (k—2)00000000000
00 (k—1)00000000 (sp,elr), (sp,els) 000000
0000D0000000AOO00D0D000000 (sp,ely, els)
0000000000s,0 (k—2)00000000000el,
e, 00000000000000000000 400000
0000000000000000000000000000

(] REFZRE N s

O
SN IRRTE

RTS8
O

(-2) REBSIBER BN G —2

04 OO0O0OOOOODODODOO

000 A000000000000000000000000
000000000000000000 fi((sp,el,elx)) 00
0000000000000000000000000000
ooooooo (fi(ev)0DDDDOOOOOD

max
evE(sp,ely,elz

0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000 (15000000000
max  {fs(ev)}
evE(sprelrelz) (15)
Lo dnex, {fs(ev)}, {fs(ev)}]

0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000000000

0000000 50000000000000000000
0000000000000000000000000000
000000000 50000000000000SeqDB O
00000000 0Minnst 000000000Ly; 0000
00000 i00000000000000000L, 0 kO
0000000000 Ocalefreq) 000000000000
00000O0OsSf0000000000000000000
0000000000 Osubset) 0000000000000
0000000000000000000000 0 subseq() O
0000000000000000000000000000
000000000O., 0000000000000000
00000000000000000000000000 10
000000000000000000000000 Mg O
00000000 (k—1)00000000000000 kO
000000000000000000000
000000000000000000000000000
000000 O0AprhioiAlD000000000000000
00000000000000000000O0PrefixSpan [6] O
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0ooooooo

= max|[ max

vE(spel2)

3. 0000

31 000D0D0

go00s500000000000000 SPAODCOOODOO
gooob2n,731000000000000000000DO0O0
goboooboooooooboooooobooooOoooboobo
goooooboooooooobobooooooboooDboDboo
gboooobooobooboooobooooOooobOoOobooOoo
SFAOOCOOOOOOODODOOOOOOOOOOOOOOOO
gooooboooboobooobooooOoooooOooobooOoo
goooooboooooooO0oobo0oooooboooDboo
oo0o0oo0o0@EooooooOo0ooooooooooo
goooooboooooboobooooobooooOoobobOoooobo0oo



/oooooo;
L = ¢;
For eachevent ev € el, el € es,es € SeqDB
freq=calc_freq(ev, SeqDB, 1);
freq .
|SeqDB|
If inst > Minlnst;
Then store freq to sflev];add ev to Lq1;
/0o0000oo0o;
For(i=2; L1;—1!=¢; i++)
L1 = ¢;
Nii—1 =¢;
For each event set evs; € Li;—1

inst=

add evs; to Ny;_1;

For each event set evss € (L1;—1 — N1i—1)
If subset(evsy, i — 2)==subset(evsa, i — 2);
Then evs = evs) U evss;

freq=calc_freq(evs, SeqDB, 1);

tinst = max (sflevs1 ], sflevs2]);

freq),l>< freq .
tinst |SeqDB|’

If inst > Minlnst;
Then store tinst to sflevs]; add evs to Ly;;

Ly =J L
/000000000;
For(k=2; Ly _1!=¢; k++)

Ly = ¢;
For each sequence es; € Lj_1

inst=(

For each sequence esy € Ly _1
If subseq(es1, & — 2)==subseq(esz, k — 2);
Then cs = es1 XNseq €52;
freq=calc_freq(cs, SeqDB, k);

tinst = max (sf[es1], sf[es2]);
freq ) freq .
finst [SeqDB]’

If inst = Minlnst;
Then store tinst to sf[cs];add ¢s to Ly;

inst=(

05 0oooOoO0o0ooooOoOooooOoOoO0OOboooOO00n

goooooboooboobooooooooooboboobooooboo
obooooooooooboooooooOobOoboooDbOobooo
gooooobooooboobooooooooooboboooooboo
gboboooobooobooboooboooooOoobooOoooo
ooooOooooo0ooOoOooOoooOoooo 3goooo
goboooobooobooboooooooooobobooOoooo
goooooboooboobooooooooooboboooooo
oO0o0o0o0oooO0ooOoOo0ooOoOoOoooOooooOooog 3o
oooO0e6l0000O0DO0O83OD000D0O0O000O000D0O
gooooo0el0oOODOODOOOOOOOODOOODODOD
gboboooobooooboboooobooooooobobooOoooo
gobooooooobooboooobooooobooobooooooo
boooooboobobooooooobOobOobOoOobOoDo
gooooobooooboobooooooooooboboooooboo
goboooooooooboocooooooboooboooooo
gooooobooooboobooooooooooboboooooboo

0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
06434000000000000000000000000
0000000000000242490000057,1330000
0000000000

32 0000
010000000000000000000000000
1.0%00 20%0 20000000000000000000
00000 0.2500501.002005.0010000000000
000000000000000000000000000 2
0000000000000 3.0%000000000 100
00000000000000000000000 10000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000 200000000000
0000000000000000000000000000
0000000000000000000000000000
0oooo

33 0000
01002000000000000000000000
0000000000000000000000000000
000000000O00000EzD 10° 0000000000
06@~MOD0100020000000000000000
0000000000000000000000 6@0 ()00
0100000000000000000000000000
0000000000000000000000000000
000z00000000y000000000000000
000000000 6(c)000000000000002.0%0
010%0000000000000000000000000
000000000000000000000002z0000
0000y00O0O0O00D0D00000000000000 6(d)
000000020000000000000000000
0000000000000000000000000000
00000000«-00000000y0000000000
00000000000000 6)O(MI00 2000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000020000
000000000000y O000000000000000
000000000000000000 4000000000
0000000000000000000000000000
00000000 6fHOO0D0DO0O0ONDDOOODNONDOOO
0oooooooo

3.4 0O o
00000000:000000000000000000
0000000000000000000000000000
0000000000000000000000000000



30000 -

.
& 25000 N,
, /N
| 20000
2 15000 / AN
éwuun S N
& 5000 v e
i} L ey et — - - Ml S,
1 2 3 4 5 6 7 8 9 10 11 12 13
FFr X
—+—025 ---m--05 —a—10  ---x--2.0
—x—510 ce0m-- 100 ———

(00000000 (1.0%)

w100 | %
2 oso -
Nosn g
-‘ 'I
i o 3
B0 |-
2 o
i T [}
T no0 i T : +
12 3 4 5 & 1 8 9 10
FFr A
—+—025 ---m--05 —=—10 ---x--20
—x—5.0 cee0eea 100 —

T

1 2 3 4 5 [} 7 8 9 10
FIFAZ

—--m--05 —exe--20

---0---100

—a—1.0

—+—ERHE

()0DODDO000 (2.0%)

FIAZ

——0.25:1.85E0%
—x—50384E-4%

---m---05119E0% —a—10507E-1% ---x---20910E-2%

---0--- 1004 34E-8% —+ —EFIEI0%

(000O0O0Ooooooon

250

=

200 -

1 150 i -

o Tw e

- -

ﬁ o % N .
4 VN

£ » ¥ e --\‘&_—H

1.0 2.0
O S A—

e BT AR m BFITAA2 —a— RIITARD -x-- RBITARA
—x— RIS AAE ---0--- I A6 —r—FFIT A7

(0000000000

@ooDo0o0ooo (@CUuooo 100)

40 a
35
= . _ "
e :
Lo =
%15 o s
R oo
4 12 !/’__,__ E 2
L —
0 . :
025 05 1.0 20 50 100
BOEE) {5 —A—
e T S R s p—— T )
HoooooOoooooooooo
O00ao0

06
01 000oooooooooo
gooooo0 0000000 |0o00oooo0 |ooooooo
0.25 1.85E+0% 2.0 9.10E—2%
0.5 1.19E+0% 5.0 3.84E—4%
1.0 5.07E—-1% 10.0 4.34E—-8%

0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000 6@0()0000000000000000000
0000000000000000000000000000
00000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
0000000 100000000000000000000
000000000000000000000000000

goooobooooboobooobbooooOoooooOooOobooOoo
goooooooooooon éDDDDDDDDDDDDDD
goooobooobobooooooooOooobOooOobooOoo
000 «000000000DO0O0OO000DODOO0OOODDOOO
ooo
gooooooooooooooobboooobooboooooo
00000oo0o0ooo0ooo0oooooooooo ec)o
o0oo00oo000o0oo0OoO0O00000Ob0 20000000 200
gooooboooobooboooobbooooOoooobOoooo0oo
gboooobooobooboooobooooOooobOooOobooOoo
gooooboooooobooooobooooOoobobOoooo0oo
goooobooooooooooooooboooooobooooo
gooooOoooooo 20000000 200000000
0001% 00 2%00000000000001000000
goooooOoooooobobooooboooobooooDoo
goooobooooboobooobobooooooooOooobooOoo
goooobooooooooooobooboooon
0o0o0o0o0oooooo0:oedUoOoooooooooo
godl0000o0oOoOoOoOoopoooooopoooooooo
gooooobooooooboooooboooobOoobobOoooo0oo



0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000 6e)0(MHIDD000N0N0OD
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000
0000:0000000000000000000000
0000000000000000000000000000
0000000000000 50000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000

gobooobooooooooooobooOobooboboobooa
goooooboooboobooooooooooboboooooo
oooooo

4 O0ODOOOOOOO

goboodoobooboooobooooooobooOobooboboobooa
goooooboooboobooobooooooobobooooo
gboboooobooobooboooooooooobobooOoooo

goboooooooobooooboooobboooooboooooo
oboodooobobocoobooooooobOoOooobobocOobooOoo
oooooobooboobooooooobobooooooDooon
00000000 SFAOD0OOODOOO00DODOO0O0ODOO000O0
ooooooboooooo
oobooooboooooooobooobObo0ooooboooon
uboooboooboooboooboooboooboboooooooo
gobooooobooobOooooooobOboOooobooboooooo
oboooobobooobooooooobOOoOooobocOonbooOoo
gooooooboooobooobooboooboboooooboooooo
goboooobobooobooooooobOoOooobobocOonbooOoo
goboooobooobooooooobOoboooobooboooooo
obooooobobooobooooooobOOoOooobobocOoooOoo
goboooobooobooooooobOoboooobooboooooo
obooooobobooobooooooobOOoOoobobocOobooOoo
goobooooobooooboooboobooobobooooboooooo
oboooobobooobooooooobOOoOooobocOonbooOoo
goboooobobooobooooooobOoOooobobocOonbooOoo
gobooooooboooboooooooboboooobooooooo
obooooobobooobooooooobOOoOoobobocOobooOoo
gobooooobooobooooooobbooooooDboDboboo
oboooobobooobooooooobOOoOooobocOonbooOoo
oooooobOoooboooooo

a O

[1] R. Agrawal and R. Srikant, “Mining Sequential Patterns”, Proc. of
the 11th Int. Conf. Data Engineering, 3-14 (1995).

[2] M. N. Garofalakis, R. Rastogi, and K. Shim, “SPIRIT: Sequential
Pattern Mining with Regular Expression Constraints”, Proc. of the
Very Large Data Bases Conf. 1999, 223-234 (1999).

[38 cOoOO,000,0000,0000,0000,00000O0
goooooOoooOoooOoooooooo,ooo,J86-D-i,
2, 310-323 (2003).

[4] V. Lavrenko, M. Schmill, D. Lawrie, P. Ogilvie, D. Jensen, and J.
Allan, “Mining of Concurrent Text and Time-Series”, Proc. of the
KDD-2000 Workshop on Text Mining, 37-44 (2000).

[5] B. Lent, R. Agrawal, and R. Srikant: “Discovering Trends in Text
Databases”, Proc. of the 3rd Int. Conf. on Knowledge Discovery and
Data Mining, 227-230 (1997).

[6] J.Pei,J. Han, B. Mortazavi-Asl, H. Pinto, Q. Chen, U. Dayal, and M.
Hsu, “PrefixSpan: Mining Sequential Patterns Efficiently by Prefix-
Projected Pattern Growth”, Proc. of the 2001 Int. Conf. Data Engi-
neering, 215-224 (2001).

[7]1 J.Pei, J. Han, and W. Wang, “Mining Sequential Patterns with Con-
straints in Large Databases”, Proc. of the 11th ACM Int. Conf. on
Information and Knowledge Management, 4-9 (2002).

[8] R. Srikant and R. Agrawal, “Mining Sequential Patterns: General-
izations and Performance Improvements”, Proc. of the 5th Int. Conf.
Extending Database Technology, 3-17 (1996).

[9] S. Sakurai and K. Ueno, “Analysis of Daily Business Reports Based
on Sequential Text Mining Method”, Proc. of the 2004 IEEE Int.
Conf. on Systems, Man and Cybernetics, 3279-3284 (2004).

[10) OO 00,00 0,00 00,0000,000000000
0000000000000000O0O0O0OO, DEWS2005, 6C-01
(2005).

[11] R. Swan and D. Jensen, “TimeMines: Constructing Timelines with
Statistical Models of Word Usage”, Proc. of the KDD-2000 Work-
shop on Text Mining, 73-80 (2000).

[12] OO O0O0OO,000000000000000000000,0
0 2004-178515.



