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Application of Game Theory for Email Feature Selection
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Abstract The shortages existed in the e-mail feature selection method is first analyzed. A new spam filtering
feature selection model based on game theory is then proposed. The game theory is applied to feature selection of
mail in order to reduce the scale of information and improve the efficiency of spam filtering. When designing the
feature selection model, the impact acted by fuzzy membership of mail samples on feature selection is considered.
The feature selection model’s handling capacity for practical problems is enhanced by using a blending sample
measure of fuzzy membership function in the definition of feature points to mail category discrimination. The
experiments performed on CDSCE Corpus show that the mail feature selection is better than other feature selection
methods.

Key words
function

Chinese spam filtering; feature selection; fuzzy clustering; game theory; membership

BRI @ R R BR, ATy 4K —
PR ERROIE R BT AN . (B2 B AT 2
PR 38 AP 908 75 2 S o N P PR A 0 P 5 T
Il 1) AN T e B RIA R MR RE A T Y
Ca N SRR b P E R NI E A Sui
HAL S HRFAE R DR R AR A, IS AR AE O
BEXIIN, LA BBPFREAS SRR 2 M 4RO G K, A
AR R 500 1 437 30 M 1o ) A e R e 0
2) TERBIFEHIEIRSR T, LG iE e s 3 2
MLSE BRUBPFEREAS B B A2 BRAF =20 17 i R A A
WITE S AR R Y, DR IR SIS PR 3
R I, AT B 7 7 . TUARRFAE R
TARGIN, PR T BRI 8 R AE SRR i 1
ALPEVERE o

Weks FI . 2009 — 07 — 22; f&EI A M. 2010 - 01— 13

(AL, A 06 51 N T I AR R et I A S AR A1
IEFEPTAFAERIAS R o A SR LU Rl E MR AR AIE 2
() e g 436 L ORE RBAF SS B A HRVARF USRI
IS A2 B 7 VA ) R A B v ) 2 () S R B o AT X6 HIS
PRI B A 70, iR R A 5 B A 50
Ir L P ) SR B B S R AR MR AR R AL,
SURFAERAF: s 6T WA £ DX 23 R, DT I8 B9 ok
sE P ARFAE SR H AR o SR FH 2R 00 ST S AR AR 128 R A
B, GRS R AERE T8, AR KA
MR, P IE T R U R .
TfECCERT data sets of Chinese emails(CDSCE)iF K}
P F g seBt R B, SR AN SO i B s A 1 e

PERETG R B2 R .

REWH: +—HEZR SRR B H (2006BAF01A21); Hilt & # & TR 4:(0703-07); Hilt 4 48R} 3E 4100 H (0803RIZA024)
TEH I PhTE(L981-), B, W+, FENFHhOUE AT, SCARN K, ML 5158 4 KM H 7T BT 7.



96 SRR S N 5 A N =

40 35

1 XERARDH

11 #FEe

TR0 T ER I AR SR AR B AT R A LA
AR oesk, AR s ik 2 8 g s ant e,
1.2 DCAFEME:%

R S5 i 6 B 3 25 58 38 73 i 532 (dynamic
clustering algorithm based on fuzzy equation matrix,
DCAFEM)EN [ il iR 7r REAE , FH I FHRIE
ANTR) SR BEAT B 2575 FE T H A — M Oy 52 Y B A
IR HT L,

DCAFEMY) F Bia b My

1) AL GRS T B R P AR AR AR R

2) B AL

3) GRS LR %

4) FJERRSEMAERE, BEATROEI R0

2 BB FRE

21 BREREN

T Ik SR PR 0 v 2R T SR A AT 1 AR X
WA 5 A 8 P (R R AE s B AT IR 8, HLE RN T3
R R AR AIE A, DA sy S A sk 30 v () AR )
AEo MREFRF IR PR T

1) Z25 NEX

SCHR[L2])468 S AEAFAE TUAAN B AN 56 &R HOARE 2
[ AT RFIEIE B, W LA VR R AN [FIARAE 2 (A R 18
AN TP Gl S I 1B e TP Sl = v N 22
WIRAREE, KT HPERE AL R B AT 3R,
B R R g T [F — R IR E AR — AN,
ESCNTEZR R EF I — NS5 N T REpE
K ANGER, RPA e SOAZEZE M ) K AN S
H5AN.

2) 25 NMATshE X

B R B X 2 5 N i U ml AR
H, B35 Ni(i=12,,K) #HEHEI NEE
g5 L ep ) g AN TRIZRARAE s AR I, R, 25 N
HHITEL S 1 n A TR SR A5 SRR T N3 5 A
ATEEES, ={5,,8,,+,8, } o

3) 25 NI e S

FH T HR A AR B A — P (S B IR T R,
HAGZR 12 5 N #0035 2 HoAh 7 145 B.15 56 s 2L
M BIEZR R — NSRRI mRe b 45
EEFMEAISEEFENEEHSE LA
201, k2 5 NI SIg4E 51T sh M R,

4) Z 5 NIEATE X

FEFEZRRLE AR, ORI S 5 N AERSE
F R AR, BT R 0 R I A AR ot
Z 5N\ 25 NIATEh () € SCarwn, B K A
2 5 NP R T ny A s 44 Foxt 1o i #5452

/H‘(uuuz’lUK)I—?%%'—ﬁj\JiEXqu%?Eéﬂﬁjﬂ%o 'fﬁ”
AL T = @G, k) s =] n 25

NiRBAT (4 €S), HAhZ 5 AN RBAT 3
C= (G, Ut t) , BEAZ 5 Ni 34
U :ui(ti*’tii) o Hr tii :(tl*lt;""lt:-llti:lv""t;) £
Mz 5 Ni AN Z 5 N ATBh (54 & . 721
PRRAIEE SRS, 25 NGB R 4T 3 Sng 22 225 3
B HIAT B0 WP X 0 FR R, DRI ALE s 5 B4R
WS P AR QAR FE M BN S, 58 SR I — 45k
SRR MESCAT Uy B R, BR TR E B
WS, EHREHEIHALS 5 AL, FikZ
EAEﬁ%EQﬁT%F%%%Rﬁ&E@ﬁEq
EX . Zie LN, EEISEET R, S
SIS G P W A S QT I > i« VS I

(U ASRE(M, IR R(R,)
22 &5 ARt

b e e R B2 5 AT T E
S, IR I DCAFEMXT IR E AR S i O RFAIE 5 it
TR, DATRIRGRBLTH MR RFALE 126 95 5% ] i o
fIZ5 N
2.3 S5 AN TRERIT

PGSR HB AR IR BT (X S rh, AR SO
WAH G T LTS5 N0 RS REoRAT TR
TR o A SCEER SR 77720 A SR B Sk )
Sert b, SIN T ERARREA B B AE o0 i R A SR
FERREL T TSR BBy, PR R AR R R,
SRHIZ 5 N0 M4 5 A5 5 A 3% BT R
1T Eh A A S WEESRI AR SR A b AT 22 T 1 o
1

1 :
o B _ —
ﬁiﬂﬂ%_géfmm%M%ﬁRf_K1 n
;M*
i t
15:
L EG f idf 1
ui=E tq,jp(aj)' c X 1 (1)

i1

i=1 t

A, . BRNATEIE (=12, K) ) AL



£ NG,

IR AE BB FRFAELE 5 o (S 97

P(a;) BI W FEA a; 78 HSAF = 73 a8 v 1) S Je L 5

t:

.. - |g(§}%%ﬁﬁiﬁ%ﬁﬁ&%&’l‘ﬂﬂﬁﬁﬁﬂi%

AT AR df - 50 B FTRARAAE AT AR AR

FESCATIIE S P(a;) WIsRBGE SCH# FE T —
ANocHE AL, BRI . O 1R R T A
T, SRR A x SRR A |, .

1) FEA x ()R i K BRIV (x) 52 X

itk e N+, Hk>1, B4 x A k MEBHEA,
K g THLKRKA p MEA, NETH2KMNH
k—p MEEA, 73 0IE N X G, X AEXE, X,
X p o

B x TS KRB, () 7 X8,
V09 =507 2707 - @
ek x ST 2ROV, () 7 X%,
V(0= %ZW - @)

FEA X IR JR 0 B KB UV (X) 5 SN
V (x) = Max{V, (x),V, (x)} G
2) FEA x PIAHRELE Co(x) & X
5 o s Y 11 T N B WA ST P =
A KT q R RS EER K, qe{l, 2}, 4
XA x 56 q ZRAAHRRYE Co(x) 5 X M-

{Zvl(x:)/ pj

V(X)

[sz(xf)/(k - p)}

- V (X)

g=1

Co(x) = Q)

q=2

R4

[1.0000 0.816 5 0.866 0 0.866 0 0.836 7 0.836 7 0.836 7 0.288 7 0.288 7 0.2887 0.2887 0.288 7 |
0.816 5 1.0000 0.8165 0.8165 0.8165 0.763 8
0.866 0 0.816 5 1.0000 0.948 7 0.836 7 0.836 7
0.866 0 0.8165 0.9487 1.0000 0.836 7 0.836 7
0.836 7 0.8165 0.8367 0.836 7 1.0000 0.944 9
0.836 7 0.7638 0.836 7 0.8367 0.9449 1.0000
0.836 7 0.7638 0.8367 0.8367 0.9449 0.9487
0.2887 0.2887 0.2887 0.2887 0.288 7 0.288 7
0.2887 0.2887 0.2887 0.2887 0.288 7 0.288 7
0.2887 0.2887 0.2887 0.2887 0.288 7 0.288 7
0.2887 0.2887 0.2887 0.2887 0.288 7 0.288 7

10.2887 0.2887 0.2887 0.2887 0.2887 0.288 7

3) TR Rk R A S R R R L P(x) SE X
I IR, FEAS x B SRR FE R UE O
P(x) = D(x) x Co(x) (6)

3 fEERHEER
ARSI L — /1] BRI R AR 15 B T R R R R i
PSR S o AL FR I A o HREN G358 R A A A
12/ kdia], R -SCRYHERE X, R LR
R AR AR

1] Maill  Mail2 Mail3 s-maill s-mail2  s-mail3
*q I 2 1 1 0 0 0
PR 2 0 0 0 0 0
TiE sk 1 1 0 0 0 0
AR 1 2 0 0 0 0
&5 1 3 2 0 0 0
Lm 0 1 1 0 0 0
'ON 0 1 2 0 0 0
Ex 2 0 1 5 4 3
iy 0 0 0 1 3 1
BH 1 0 0 1 3 1
LUE 0 0 0 1 1 1
5 0 0 0 1 1 1

AR S T ZR MR R PR B E L, A
BRI JRIIAVE, R I 124 S i AT R 2R
XK, UHEIZMGERET S 5N, RiEdEwT.

B SRR A AR 5L S IE 1% 12 R AR R (AR
ARECERE R, X R TR ARG HRIZH, 19
F|R"=R*oR*=R*, BRJFILINGIEN @ H, 52
RLf R4 R ek e =0.3, RIS (RD ;.
LA 2R B W, S, BRIR. RER. EX.
WA e WA WA L BT HZ AN
REER, BIRTLUE SONZ IR RS 25 N

0.7638 0.288 7 0.2887 0.2887 0.288 7 0.288 7
0.8367 0.2887 0.2887 0.288 7 0.288 7 0.288 7
0.836 7 0.288 7 0.2887 0.2887 0.288 7 0.288 7
0.9449 0.2887 0.2887 0.2887 0.288 7 0.288 7
0.9487 0.2887 0.2887 0.288 7 0.288 7 0.288 7
1.0000 0.2887 0.2887 0.2887 0.288 7 0.2887
0.2887 1.0000 0.8704 0.8704 0.9342 0.9342
0.288 7 0.8704 1.0000 0.9574 0.8704 0.8704
0.2887 0.8704 0.9574 1.0000 0.8704 0.8704
0.2887 0.9342 0.8704 0.8704 1.0000 1.0000
0.2887 0.9342 0.8704 0.8704 1.0000 1.0000 |




98 SRR S N 5 A N =

40 35

3 R B A T A TR o R SEASK bR B ) R
o WEAARZ 5 NNSOERE, IR E R 5 b
GRS T SO R R REAT e, i 15 2o 2L
G, KLINSEH NREREEFAR,
HUAAT B () £ 1) foe FEARFAE T 56

4 BIENRSEGISH

Y2 it s RANLE8 2 ST B AR B N T3
A IE 8, O T ARG 6 T AL R AR I R AT S B B
F A B R, AR St B A kb 25 DTk i (Naive
Bayes) /7718, ik FENaive Bayes sz & H N E 2
BB R EEr —, SRR bEgt, 75
TR PR T, AN SCEENCDSCEE R E, Hrh
A1,5720 308FF 17 B FN9 0423 IEH WRE1F. A T 1
SEIG AR OS H R PR E IR B BIE R %, XFCDSCE
WERLEAT T — e RE AN A, angh 7S 1
TR, FeBR T e I SR A R, 2
T 1 — S NEAR SRR I A R . Rl IR A
ALt b #st () CDSCEE R EH, BENLIEHEN21 447
BB A ) 2R EE S AR5 6203 MBS B .
S F 4 1% B IBM ThinkPad T43p, CPU JyIntel
Pentium M Dothan Processor 2.13GHz. W 1%2G
SDRAMIIPCHL .

K1 ADF. 1G. MUFIEZE M- pAIE 28 B AE R HY
f\JCDSCEiZ ¥} 45 I i Naive BayesH[ {4 i Ji& 28 fr 15
P PERCRE . MBI AT LB E Y, [ ZRmR Ay
MEEPE R R R, BE&REE 716G, DFfEZ%E,
MIT) R R 5 22

1004
95 4
90
85 A
80 A
75 4
70 4
=60
557
ERE
%40 9
35 A
30

25
2047/

) —a— Game
Ea —e— DF
—a— |G

—v— Ml

04

0 . 8 OIOO I16 I()00I24 IOOOI32 IOOOI4O I000148 IOOOI56 I()00I64 IOOOI
R P
K1 7ECDSCEiE ¥4 b HNaive BayesHB i yE#%
N1 R SR PR BRI A A, ¥
SVMIFI A3t e 2289 Naiive Bayes ) i 43t &
BV ATKNING ) 2 38 3 506 0 S T T 4542 A b
AT NG, ARJEAENNALE B Fi AT IR0 . Si5e

SRR 2P o

2 1EFEMHRHIEE R F T Naive Bayes/5 /A 5SVM, Naive
Bayes. KNNAJSCIGEERELEL

o AR IEME FfE AT
B 1(%) ) (%) Is
[ ZE MR A R AR £ R T
Naive Bayes /7% 86.3 93.37 89.7 11.16
Naive Bayes 56.7 84.53 67.87 9.32
KNN 717 779 74.67 12.67
SVM 79.6 88.1 83.63  20.36
N
5 4 i®

ASCH ST T 2T WA ISR R I 8 77 1%
TERFIEIE R T TR E A 2, FRE LRl FAF A
AT T A5 TR0 1 JE RN, FH - IR A R fE e B v
TE B KFR R BRI PR SRS BRI T, JEHEH
BAERHET4E, DA RHIERCR, 32 s ln it 82
Ko MTEMPRRREE R, MAEAR B S 7R =5 ]
R FT B (1 SR P AR 1R R R A R A S A Y 1
THH I OCEE, TR AR MR A Rk i 3t Be A AR
KT TTHR o S ARG AH b 5 2 S T IR A () 3 T B
ESIREASR 8 R e X, BEBRE T REARRIATE
Rz MEIRER, X% E TR KR,
EH UG )36 H 1) SR T8 P2 pR B0 RE 8 T N2 W, E R S
WRAEAS T AEAE (AR E P o 3 3 ok rp S 35 R A £
3RS, 12 F 1R MR AIE e 5 1) Bayesian B 43
PSR, MEARIR, IERRS T AR TR
=3

(AR AE — S fp gt — B 7 T,
TR E R A S8 T PR ST S5 A I TR R A FE 245

& £ X M

[1] Fhk, Wocke. FET ARSI B s R AR R[],
AF BAAR, 2005, 19(05): 1-10.

WANG Bin, PAN Wen-feng. A survey of content-based
anti-spam entail filtering[J]. Journal of Chinese Information
Processing, 2005, 19(05): 1-10.

[2] ZHANG Q Y, SUN J T. Technology of spam filtering based
on latent semantic analysis[J]. The Systemics and
Informatics World Network, 2007(04): 1265-1270.

[3] AI-MUBAID H, UMAIR S A. A new text categorization
technique using distributional clustering and learning
logic[J]. IEEE Transactions on Knowledge and Data
Engineering, 2006, 18(9): 1156-1165.

[4] CHIANG D A, KE H C, HUANG H H. The Chinese text
categorization system with association rule and category
priority[J]. Expert Systems with Applications: An
International Journal, 2008, 35(01): 102-110.

[5] SUN J T, ZHANG Q Y, YUAN Z T. Calculation of latent
semantic weight based on fuzzy membership[C]//The 5th



£ NG,

IR AE BB FRFAELE 5 o (S 99

International Symposium on Neural Networks. Heidelberg:
Springer Verlag, 2008: 91-99.

[6] ROt 3. CCERT i 3¢ 3 3 6 7 3 i #) )0 £€ [EB/OLY.
[2009-01-10]. http://www.ccert.edu.cn/spam/sa/2005-Jul.tar.gz.

[7]1 NI, B4, SRsT4. 2T B s 2R iR (0 e S g o
B[] ARIEKZFZ=M(B AT A2MR), 2004, 25(1): 32-35.
WANG Gang, ZHAO Hai, WEI Shou-zhi. Decision-level
fusion model based on threat game theory[J]. Journal of
Northeastern University (Natural Science), 2004, 25(1):
32-35.

[8] B . AR RHAZIM]. db5t: i MR H AL, 2007.
LUO Yun-feng. Game theory[M]. Beijing: Tsinghua
University Press, 2007.

[9] RAR%E, e, HEF. BT HEERSM CRIER
E] 2 FE TR R (H AR R), 2007, 8(1): 63-65.
CHEN Dong-feng, LEI Ying-jie, TIAN Ye. Clustering
algorithm based on intuitionistic fuzzy equivalent
relations[J]. Journal of Air Force Engineering University
(Natural Science Edition), 2007, 8(1): 63-65.

[10] AL&%, AUCEIL, M %E, 5. BT HOMIR Kt i
FATHARBIL]. THEHLEEH, 2007, 30(11): 1939-1946.
DU Jing, AO Fu-jiang, YANG Xue-jun, et al. Research on
component parallel technology based on fuzzy clustering
analysis[J]. Chinese Journal of Computers, 2007, 30(11):
1939-1946.

[11] " EF8, iy, JE Tt SR R RS SR IR & Bl SR 1t 2
fAI[9]. MaRIE Tk K 2244, 2008, 40(5): 683-687.

YE Yu-ling, SAN Ye. Rough set reduction for hybrid data
based on genetic algorithm[J]. Journal of Harbin Institute
of Technology. 2008, 40(5): 683-687.

[12] ENI. 2 U5 Bt RIAEE T i 8 258 @& 1) 8 [D]. vk FA:
R K%, 2004,

WANG Gang. Problems on the game fusion under the
conflict environment of multiple source information[D].
Shenyang: Northeastern University, 2004.

[13] EMBE, FRM. B TR0 10 22 I RS B Rt &[]
rh [ 22 A FHE 2R, 2005, 15(4): 74-76.

WANG Cong-lu, YIN Chang-lin. Fusion of safety
decision-making information based on game theory[J].
China Safety Science Journal, 2005, 15(4): 74-76.

[14] WILCOX R. A measure of coherence for human
information filters[J]. Synthese, 1957, 22(3): 269-274.

[15] SANCHO R A, VERDEGAY J L. Fuzzy coherence
measures[J]. International Journal of Intelligent Systems,
2005, 20(01): 1-11.

[16] ZHAN Chuan, LU Xian-liang, ZHOU Xu. An improved
bayesian with application to anti-spam email[J]. Journal of
Electronic Science and Technology of China, 2005, 3(1):
30-33.

[17] B &, xlbesh, RBard. HT DM sr 2R p s fhd v s

R TIHIT U], B T R 2 A 4R (DR BRI,
20086, 6(2): 86-89.
XIAO Min, LIU Xiao-lu, TU Li-zhong. Research in a
method and model of spam filtering based on bayesian
classifier[J]. Journal of Nanjing Nor University (Eng and
Technol), 2006, 6(2): 86-89.

[18] IKONOMAKIS M, KOTSIANTIS S, TAMPAKAS V. Text
classification: a recent overview[C]//Proceedings of the 9th
WSEAS International Conference on Computers. Wisconsin,
USA: Stevens Point, 2005: 1-6.

[19] LISHUANG L, TINGTING M. Extracting location names
from Chinese texts based on SVM and KNNI[C]/
Proceedings of 2005 IEEE International Conference on
Natural Language Processing and Knowledge Engineering.
Wuhan: IEEE Signal Processing Society, 2005: 371-375.

[20] LIU C M, FU S Y. Effective protocols for KNN search on
broadcast multi-dimensional index trees[J]. Information
Systems, 2008, 33(1): 18-35.

W | B B


javascript:%20callShowRecordDetail(rec1064699,'');
javascript:%20callShowRecordDetail(rec1064699,'');
javascript:%20callShowRecordDetail(rec1369724,'');
javascript:%20callShowRecordDetail(rec1369724,'');
javascript:%20callShowRecordDetail(rec1316255,'');
javascript:%20callShowRecordDetail(rec1316255,'');

	博弈论在邮件特征选择中的应用
	孙晶涛1,2，张秋余1，袁占亭1，董建设10F(
	(1. 兰州理工大学计算机与通信学院  兰州  730050;  2. 中国石油化工股份有限公司甘肃石油分公司  兰州  730030)

	1  关键技术分析
	1.1  博弈论
	1.2  DCAFEM算法

	2  博弈邮件特征选择模型
	2.1  模型的定义
	2.2  参与人的设计
	2.3  参与人的支付函数设计


	(2)
	(3)
	(4)
	(5)
	(6)
	3  简单数值算例
	4  算法应用实例分析
	5  结  论


