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Applying Knowledge Discovery Techniques to Trend Analysis of

Electronic Mail

HiroTAKA UEDA,! YUTAKA YANAGISAWA,t MASAHIKO TSUKAMOTO!
and SHOJIRO NISHIO!

In this paper, we present the Knowledge Discovery from electronic Mail (KDM) system, a
technique for discovering knowledge from large electronic mail archives. In KDM, the system
extracts several kinds of data from mail archives, including the header information of each
mail and the frequency of words in a mail. Afterwards, the data obtained is stored in a
relational database. Furthermore, the association rules are extracted from the database by
using the Apriori algorithm. Here, we can restrict the number of rules by estimating the
importance of each word by using the tf*idf method. In this paper, we show some examples
of rules derived after applying KDM to a mailing list archive. In general, applying KDM to
mailing list archives allow us to gather clues of knowledge about each member of the mailing
list, including their general behavior and topics in conversation. Finally, we believe that it
will be possible to predict the response for any incoming mail and to search for mail with
ambiguously specified keywords by increasing precision.
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To: space@mailinglist.co.jp

From: 72 <kani@rokojudo.ken.ne.jp>

Date: Sun, 24 May 1998 19:12:30 +0900
Subject: [space-ML 766] Re: 7 F v £ > G~

MZ@KCNTT.

Subject: * hﬂﬁML%ﬂﬁ%kt/)ﬁ“"
satoh@h e.nasda.go.jp Taro Satoh wrote:
E%>E @NASDA T

fEH§t> http://www.kp-777.co jp/NEW/event/cosmo.htm % Ji. T < 72 S by
elE> AL BDHF ¥ U nin ¥ 7 OFH CFHIC <(7)’C11

HFTiE, [FlE Y RT //@HA\/\’T“’ﬁﬂéﬁi CHF ¥ Rl

72 THARLZRVON] ERESZL TS &9 T .

ﬁtu (VO pENE <) 7 /TA’?Fﬁﬂ%ﬁtij T B L L

T/ MﬁLriLern i, RO E—n—gofEiroT
e

* ) (Yutaka Yanagisawa)  *
* Kani Community Network *

- /

01 0000000
Fig.1 An example of e-mail.

0o0g ID: 766

000 1998/05/24 19:12

0000 kani@rokojudo.ken.ne.jp
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0000000000000 D000000Ohttp://www.kp-

777.co.jp/NEW /event/cosmo.htm

- /

02 00000
Fig.2 An example of information extraction.
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Table 1 An example of HEADER table.

ID |00 ooo
765 | 1998/05/24 15:03 | satoh@hoge...
766 | 1998/05/24 19:12 | kani@rokoj...

oooooo
oooooooo
gooooooo

767 | 1998/05/24 19:20 | akiyama@is... | D0 O000D0
768 | 1998/05/25 22:02 | naga@cre.n... (00000000
769 | 1998/05/25 22:08 | naga@cre.n... | PLANET-B
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Table 2 An example of WORD table.
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Table 3 Word significance.

oo oo oooo ooo
1 oo 1092 29.73
2 oo 454 18.68
3 ooo 214 17.67
4 | NASDA 168 15.25
5 oo 294 14.85
6 ooo 174 14.42
7| OO0O0A 140 13.71
8 oo 359 13.45
9 | ML 156 13.32

10 | OOOO 223 13.25
11 ooo B 133 12.13
12 ooobooooon 64 11.97
13 O 186 11.61
14 O 190 10.60
15 O 168 10.48
16 oo 286 10.45
17 | 0DOOC 42 10.38
18 | O00O00D 38 9.59
19 oo 116 9.45
20 oo 187 9.21
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Table 4 An example of association rules in the mail sent

by A.
No. ooooo ooo
1 NASDAOO =000 A 1.00
2 NASDAOO =000 A 1.00
3 00 =000 A 1.00
4 00 =000 A 1.00
5 00 =000 A 1.00
6 NASDAOO = 000 A 1.00
7 NASDA = 000 A 1.00
8 00 00 =000 A 1.00
9 00 000 A = NASDA 0.95
10 00 = NASDA 0.95
11 00 000 A = NASDA 0.89
12 00 = NASDA 0.89
13 000 A = NASDA 0.86
14 00 = NASDA 0.83
15 00 =00 0.83
16 00 000 A = NASDA 0.83
17 00 000 A=00 0.83
18 00 =00 0.56
19 00 000 A=00 0.56
20 NASDA = 00O 0.38

gbooobooooooboboooooooooonod
gooooo
(1) DoOOoOoUUOOUOOOODOOOO
gobooooobobo ==00moboo =0
gbobooOoooboooooooooboooo
oboooooooooooo
(2) ODOOODOODOOOOODOOOOOOOOO
goobooobooooooo
gbooodoooooooosooooooo
boooboobooooooboooooooo
0000oooooooOoo 100000 A0o
000ooooooooooooobo 400000
oooos3iooooooooooo 20000
00400000NASDAOO =000 AD
ONASDA =000 AODQOOOOOOOOCOO
1.000000000 NASDAOOOOOOO
gobooooooboooboooooobobooo
000 NASDAOOOOOOOOOOOOO
(3) OD0ODOOoOOOOOOOOOOOOOOOOO
goood
gooooooobooboooooon 98
goooogogoesnooOooOoOOOn 100

gbooobodooobooooooooooooo

obooooooooobooooboo11000
goobooe3dnoooboonooDbOoO 7800
gbooboooobooboobooooooDo er
ooooooobooobbo s0OObO0OObOOO

05 000000000000 OO00ODO0OOO000
Table 5 An example of association rule regarding the

mailing list administrator.

No. ooooo ooo
1 | DO0O =000B 1.00
2 | 00 =00 1.00
3 | 000 000 =000B 0.94
4 | 00 =00 0.94
5 space-ML = 000 B 0.94
6 | 000 =00 0.89
7| 000 =000B 0.88
8 | NASDA = 00O 0.80
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10 | OO0 =000 B 0.79
11 | OO0 =00 0.78
12 | 000 =000 0.75
13 | 0 =00 0.75
14 | OO0 B =000 0.74
15 | 00 =00 0.73
16 | OO0 000 B= 000 0.71
17 | O =00 0.70
18 | 000 = 00D 0.69
19 | 000 000 B= 000 0.65
20 | OO0 =0 0.62
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Fig.3 Recall to keyword.

1.00
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Fig.4 Precision to keyword.

gobooooooooooooooobobooooon
gooooobooobboooooboobooooboo
gooboooooobbooooooboboooo
goboooooboooooooooooboboon
goboooooooobooooooooooo
ooboooboooobooboooooobooooo
goooobobooocooboboooocooboooooo
00000000 oo0oooooUOooooo sfxdf
oooooooOoooOooobo0oOooOoOobooo0 KbM
ooooooOoooOoO00 KbMOOOOODOOOOO
goooobooooobooooooobobOooo
goob 30040000000 0DOOOODDOO
gooooo0oobOobo0obo0oooboooboooObo
gooooooboooooooboooooooa
030 tdf00000000000000000
gbooobooooobooocobooobooooboooo
goooooobobooobooooOobocoooboDbo
goooooooooooocoobooobooooooo
obooboooooocoooooooooooooon
goooobooooooboooooobooooon
goooobooooobooooboobooooboooo
goboooooooooooooooboon

goooooooo

Dec. 2000

goboooboooobooooooboobooooooo
goooddoooobooooobboobobobbono
Ogo0o0oog o 12000000000000O000DOO
0ooo0oOoboOooobooooooobobooooo
Jodoodbooobooobooboooooooooono
0d0o0ooooooobobooooomobooon
00000 30000b0o0booooooooooao
gooooboooboboboboboobobooobo
000o0o00o0o0oooooDObODOO0oD0OO0ODb0OKDM O
gddlgoooooboobboboobooboooo
0000000 oooo tfdfod00ooooooao
goooad
JooodooodooooooookKDMOODO
gooo0dbOOobooOooooooboobobooboooo
jooooboooooooooobooooobo
0o0oDO00O0OO0OOO0O0O0OOOoOKDMOODOOOO
Jo0oo0o0doooooOoKDMOOOOOOOOO
goodboboboooobooobbooboooooog
goboooobbobooboooa
gbbobobooobobooooboobboooo
gooooobobUob0oooooobuoboboooo
ConceptBase 750 00 O O O O ConceptBase O
0o0o0ooo0bOo0oooobobbooDooboooo
gOodbO00o0O0o0OOoOobDboooooooooooo
JoooooOooOoOoOO0oO0DoObOObDOO0OOCon-
ceptBase U0 OD0DOO0DOD0OO0OO0O0O0OOOOODO
0o0o0odooobooobOoooooooooooa
gooobobobobobbooboboboobooboboob
gooobooooo
go0od0odooooobobooboooooooboooo
go0obooooooooooboboboooooooog
gooboboOobooOoooboobooboobooo
goooooo0ooobOO0ooooobooobooooon
goodooooooboboooooobobooooo
Jo0oooooobOoooooooooooooo
Jo0odbOOoooOooooOo0o0oobOoooooo
O0o0oOo0ooOO0ooOOoO0obOoOOooOoOoOooDooooooa

7. 0 0O O

oboobooooooobooobooobooooobo
gbobooodoocooooboobooOooooooboo
gobooobooooooooobooboooooooo
OO0 Apriori0 00 00000000 0OODOODODOO
gooobobooocoooooobooooooooDooo

Y ConceptBase 000000000000 OODDOOODOOO



Vol. 41 No. 12

gbobooobooobooobooooobooobooooo
gboooooooboooooooooooooooo
goooobodooooobooooooooboooboobooo
oooooooooooooooobobooboobooobooo
oooooooboooooooobooooooboooo
goooooOooooooooobooooooboooo
gobooooooooooobooooooon

ooooobooodooobobooooooooooo
goobobobobobooooooooooooboon
cooookKbDMOOOOOOOOOOODODOOODO
gooooooboooboooobooo

ud OooboocooooboooooOOoocooooo
oboooooooobooooboobooooooboo
gbobooooooooooboooobooooooboo
gooooooooooooobooooboooooo
ooooooobooooooooobboooomo
OO00O00000JSPS-RFTFI7P0050100 0000
gooooooooooood

o oo o

1) Agrawal, R. and Srikant, R.: Fast Algorithms
for Mining Association Rules, Proc. 20th Inter-
national Conference on Very Large DataBases,
pp.487-499 (1994).

2) 0000000000000 0DOO Signatue O
gooooDooO0oOobooooooooooooo
0000000oboObOO0oOoooooooooon
J0000O000bO0O0000DDbOOdVvold,
No.7, pp.2196-2206 (1998).

3) Chen, M.-S., Han, J. and Yu, P.S.: Data Min-
ing: An Overview from a Database Perspective,
IEEFE Trans. Knowledge and Data Engineering,
Vol.8, No.6, pp.866-883 (1996).

4) Datahunter: http://www.sharp.co.jp/
datahunter/.

5) 000000 0O0UO0OOOOOoOoUOooOooO
J0000d0ooooooooDoVol40, Nod,
pp.352-357 (1999).

6) Han, J., Cai, Y. and Cercone, N.: Knowledge
Discovery in Databases: An Attribute-Oriented
Approach, Proc. 18th International Conference
on Very Large Data Bases, pp.547-559 (1992).

7) Han, J. and Fu, Y.: Discovery of Multiple-
Level Association Rules from Large Databases,
Proc. 21st International Conference on Very
Large Data Bases, pp.420-431 (1995).

8) 00D DD0ODOODDODDODDOUODDOOO
gbbobodoboobobooooooobooooo
goboOo0oOoooOOoOoOoDOoOOi2s-10, pp.73-
80 (1998).

gobooooooooooooooooobo 3293

9) Houtsma, M.A.W. and Swami, A.N.: Set-
Oriented Mining for Association Rules in Rela-
tional Databases, Proc. 11th International Con-
ference on Data Engineering, pp.25-33 (1995).

10) 000000 00o0ooO0ooOoooOoOooooo
00000000000Vol.12, No.4, pp.497-505
(1997).

11) 00000000 ooO0oooooooooo
000o00ooooouooooooooooogd
000o0oooooooooooooooooog
00000000 DEWS’9700 00O Opp.221-226
(1997).

12) 000000 00O0O0oooO0oOooOooooo
0000000000 O00OO0OVol.12, No4, pp.513—
520 (1997).

13) MailGoGoGo!: http://www.makie.com/mailg
ogogo.html.

14) 0000000 OOOOOOOoOO oooo
000000000000 0000 0040 Oversion
1.00000000000 NAIST-IS-TR97007,
NAIST (1997).

15) 00000000 ooooooooooooo
O0—000000000000000Vol.37,
No.8, pp.751-758 (1996).

16) 000O0OO0ODO0OO0OOOOO OOoOoOoooao
oo0o0—0oo0oooooO0ooooooo
0000000000 Vol40, No.4, pp.358-364
(1999).

17) 00000 ConceptBase 1 D 0O 0OO0O0OOO
00ooo0ooUooooooooooooooog
00 0129-1, pp.1-8 (1999).

18) 00 0000000000000 00OO00O0
gooOo0ooooopoooouooooooooo
Vol.36, No.10, pp.2371-2379 (1995).

19) 00000000 0OU00OO00OooOoOoooo
00000000 oooooooooooood
gooooOooOoOoOoooOoOoooooooooo
DE98-31, pp.9-16 (1998).

20) DOO0OOKDDOOODOUOOOOOOOoooQO
0000 Vol.12, No.4, pp.521-527 (1997).

21) DOO0OOoDOOoOoOOoOoOoooooooooo
000 2000 O O M http://www.nikkeibp.co.jp/
MA/.

(00120 505000)
(00120 100 6000)



3294 goooooooo

o0 O0boOOooDboOo

1970000000000000
obooooogsooooonod
gooooooooooooooon
oooooocooooooooon
goooooboocoooooooo
goooooooobooooobooooboooooo
gooooooocooboooooon

oo goooaoo
1990 000000000000
goooooobogoeooonoo
oooooooooooooooon
oooooooobobooboooooon
= gooboooooooooooooo
obdooomoooooboooooooboooooo
obooobooooooooboboboobo 40000000

Dec. 2000

00 0o0ODOoOoOgo
1987 0000000ooooon
00001989 000000000
S 000000000000 0000
‘ . 0000000199 0000000
00000000000ooooog
0001996 0000000000000000000
000000000000000000000000
0000000000000 0000D00000O00n

OODOOOACMOIEEEO 7000000

goooooooon

197 0000000000000
gopbigooogobooooon
gboooboobooooooooo
gboooboboboobooogob
gboooobooobooobooobo
gooboome0gooooobobooobboooooo
oobooobooooobooobbooob2o00b000O
gbooooboooobboboobooboooboo
gooobo0obooooooobooboooooboog
oooooopooobooboooobbbooooobo
0000000000000000ACM Trans. on the
Internet TechnologyOData & Knowledge Engineer-
ingd Data Mining and Knowledge Discovery[ The
VLDB Journal 000000000 OACMOIEEE
osoooooo




