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An Adaptive Three-way Spam Filter with Similarity Measure
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Abstract Spam filtering is an important issue in the information age. And, if an important email is
wrongly classified, it would lead to an immeasurable cost. Thus, in the field of spam filtering, the
ways to improve the accuracy and recall of the filters is the key issue. At present, the binary
classification model in machine learning is usually used to deal with spam filtering. However,
compared with the three-way decisions, the binary classification model usually leads to a higher cost of
misclassification. And, as an important branch of three-way decisions, the three-way decisions with
decision-theoretic rough sets can effectively reduce the misclassification cost and further improve the
performance of filters. And, it also conforms to human cognition. Nevertheless, few studies consider
the effect on classification results induced by the differences among equivalence classes when
constructing the loss functions. Therefore, under the framework of the three-way decisions with
decision-theoretic rough sets, an adaptive three-way spam filter with similarity measure is proposed.
The model calculates the weights of condition attributes according to set variance firstly. Then, a
comprehensive evaluation function for describing difference information among equivalence classes
based on similarity measure of set is established. Finally, an adaptive model for calculating threshold
pairs based on Bayesian decision rules is constructed. Experimental results show that the proposed

model performs well in the field of spam filtering.
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Legal Mail Spam
e L ® Pr(X|x)
0 4 1
(a) Binary classification model (single threshold)
Delayed Decision
Legal Mail Region . Spam
L4 ' ® Pr(X|x)
0 B a 1

(b) Three-way decision model (two thresholds)

Fig. 1 Binary and three-way classification
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JH A 2 T B P B D B X8R T o o8 NG G B
EREMB S HIREG M EZERMN, SFE 2 M
KEHWRESTEEE FAHFBE L, ML F 2 A
S5 A S i XoF 1 1 e PR AR B 2 AN TR A I 0. 1R ot L R
TN Z B TR P A B A 6 22 5 AR
g — A5 PR B XU BE B ) R B ep o T
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GG MRLE LS G — M R E NS B
S 22 18] 22 STV A 5 A VA BR B DL o XU

EX 5. Z M A A RUE S R ES A M
B Z2IEES AWMU L2 ~F4£.S.UXU~>[0,
12— e R, BN (A . B)—>S(A,B). Il S(A,
BYZES A F B Z a9 AH LR eR %L, Y H ALY
SC(A Bl & 4 A%

D XFYA,BCU.H 0<S(A,B)<1;

2) S FVYA.BSU.f S(A.B)=S(B,A);

3) XM TVYA,BCU. A S(AA)=1;

4 XFFYABEU.HKHAY ANB=O .4
S(A,B)=0.

R SCEk (331 HMEREAX S(A,B) =

LI 2 B

AR ABLRE 1 2 S
TE X 6. UUHE A DL B PR AL 4
éfﬁS=(U,CUD,V,f),,\'43,/+1ﬁFJ§fé%/\jj C=
boHARES N X (XSU). MXT Ve,
(c, EC),VE,(E,€U/IND(CH S5 HIES X =
Vi) P10 0 22 49 AR E 2 bR RT3 Sy
¢ (E; . X)=
Hal(xe€X) N (v, (E;))=v, ()} UE;
: I XUE; | } " (16
Ho, [« | RREGHHGE, FRBFEN LR INDCO)
ARSI U EFSFIEN S, v, (E,) RRFEME
E; e o, EEE. v () BRI BN «
(x EDTEFKRMEME ¢, FIEUA.
W — AR T H R4 A 10X 5500 43 8] 1F 3 ok
F18y DR L /I 045 HL ) 43 1) 0 7 35T i R 1 XU S L
H L3l 43 ) 301 S8 R 1y XU /N o0 IR 43 31 4
T ok B KRS R 6 T — AR T HiRE A1
Xt 4, [RIREA 0L B BLAEE. I Ah X T B bR RSk 15 AT
TS TR L 2% 1 JE P A 5 =2 B R B T %
SEM R 43 ) E BT 7 A A U BN PRI A i A
TEA pR SO DL T R, S I A FH 0T 5 R 51 a7
T, 3 T4 A HH B 2 (O ARE A, B o X A% 1 P A
100 B9 M R Y 22 L.
EX 7. FETHLERNEN R A2 —NE
BR% —(U,CUD,V,f%,\EP,m#F@@%A
HC={ciscosmmse, s BIRESRN X (XSO T
Efimﬁy\ %W 6 (6 € H, H={PP,BP, NP, NN,
BN.PND F . ¥ F Ve, (¢, €ECi=1,2,,m) 3T
FEARLE St PP o B TT SR

{Cl 9C29° 9Cpy

Sk, () =In(g (E; . X) ' X ()%, (A7)
Hrr W BUF B gee s e s e T oo v s o A 2 T
AEARLEE S 9 D7 f RS R 0, HL 20000 A2

2<9op < xp » 2 i ey, (18)

Bl 4. HE—MERARLE S=WU.CUD.V. /),
HA B U= {21, 20 05+ X4, X5:L65+X75T)»

#FETE%A%] Cl’C?sC%’Cl} E*T% j‘:’X_
{21y sxrag ) AR BREMRGRE K] 3 Wk 3
FiR.

MM KLR IND (O FEFRE U ikl o
HUIIND (C)={E,,E,,E;,E,} = {{x1 x5}
{zosaiy s {xssxssar )y {as ) AR E X 6,78 T
o FEMEKE 5SEBES X ZIE WS r A 2L
R R

|{-r1917391779f8}‘

PH(E LX) =

=0.8000.

‘ {Il s Lo e L3sX7 ,.’L‘g} |
MR RE SC 7 AN M0 R 3 T A ABLRE S 1% BF A pR K
R BIBCA pee =3.000 04 e =5.000 0, 750 = 9.000 0,
7an =3.500 05 9 =7.000 05 ppx = 12.000 0. W AR 5 &
SCT X T AP RAE o AR BRI S 6 (6 €
H)F . SMEE ={x.x,) SHRE X ZHET
ARABLRE & B P ok K0 31 R
S (c)=2.4202,
S¥ (c,)=3.4420,
SE(c,)=4.6176,
SEN(e)=2.7287,
SE (c1)=4.1150,
SE (c,)=5.1930.
)3 0 T4 E IR AE ¢ ey ey s TEAR RS0 0
SWEH) T EMEE = (a,xy ) HHRE X ZH
F8y B P9 A B 8 R KR 73501

‘{11912913}‘

¢ (E, . X)= =0.6000,

‘{1Y19IZ s X397 ’1.8}‘
¢ (E,,X)=0.8000,
¢ (E, . X)=0.6000.

[, 6 T4 B, E,  E TEAT 2 51 8 1

T AR B O L 5 TR AL B B Y DA oK BT

Al LA

MR L G MERES=W.CUD,V, /),
H  &MFEEES N C={civcosve, NG E
Ve (e, € Coi=1,20sm)WEZMHT . X T VYE,

(E; €U/IND (C)) , H T AL HE 19 3F ok 250 2
Sk, ()€ (—o0,F ).
:LEH):]. [ﬂj’ﬂ;ﬁ‘ﬂ:‘ VC,' (CI' 6C7l :152’“.

am),
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VE,;(E, €U/INDCO) R%EMHIRES X (VXS
U A% 0y (E;, X)<<1 Wor. MY 2 &1
29 <90 <xr » 2 v G n e HﬂL,S‘EI (c;) €
(—o0, +o0) i 37 i B,

(B 0, X T 25 58 1Y 2% 4 I M B AE AH TR]
AR 3 SRR S A (B BR B 1) 55 f 28 B Rl 3 3] 0 )
77 7 A 1 XU /N

MR 2. HE - IMERRSE S=W.CUD.V,
KT YE,(E, €U/IND(C),Yec,(c, EC,i=
1,2, eeeym), 0 SR 5 H0% 516 2 4510 (e — )
(e — ) = (e — e ) (i — o) WU 35 F AL
HAPET o8 B 2 A AE S (ST (o) — SEY (ei )
(S¥ (e,) =S¥ (¢, > (S¥ (¢,) — S¥ (e, )
(SE (c) =S¥ (e).

WHH., B a=1,2>2 B, BB 2z =InCax®) W5}
RBRKTHET 1, WA 2, —x, >Unlax?) —InCaxd)).
HIE X 6.S%, () =In(¢g (E;,X) ' X (9,)%),2<<
Ner <> <fxp s 2 < un<<7pn » ELEPEST 1 AN
0<<¢g" (E; , XDO<XLITEL Gpex — 760 (e — i) =
e = nep) (e — ) AL I S (SEY () — SEY ()
(S¥ (c,) =S¥ (¢, = (S¥ (¢,) — S¥ (¢, )
(SE () =S¥ (e L. iF k.

ER3. HE—MEERSE S=W,.CUD,V,
X TFYE,(E, €EU/IND(C)) Ve, (¢, EC,i=
122, ym) MR BUF 5 R A ERX oy — i)
Cpne — ) << (e — 7o) (i — aene ) » WU 35 A RL
AP R R R A SE A (ST (o) — SE (e))
(S¥ (i) =S¥ () << (SE (¢,) — SP (e, )
(SE (c)—SE (.

JE O IE B A R 2R TR S 2.

PR B AR MR B — R 25 G F R 2
KR AR L 7 A LU 25 A TR R
B, DLER G 45 SR B P R RN 1.

EXS. AWML GE— 1 EEES=
WU,CUD, V., . H  FZHFBEEEEGH C={c,,
Coase, b HRRES N X (XSU)., MXF VE,
(E; €U/IND(C) AEERIF1E I 6 (6 € H) T I £
BN BRECA] DL K

1s(E)) =D w,S% (e, (19)

P
Hi o, FREWEMEc (e, €Ci=1.2,.m)
$1£95%f (cHDFRM T Ve, (e, EC,i=1,2,+,
m) AEAEE R RN 6 (0 € H) FITEH sk %, s
Z KT AN SRR LA B A 3 N 25 A T

VISR S b HER - S SR K E N DN LSO il X iy
AH I 0] 43 77 A= 18 RS 1K
Bl 5. RYGH] 4,0 FAER S EY: ¢ (e, €O,
CR R ZEAEE R 5N 6 (0 € H) T AEE %M 2%
E,(E;€U/IND(C)H 5 BFEA X BTN {E. 4
XFF M E L AR PR (E N
SE (¢1)=2.4204,S}¥ (c,)=3.4420,
S (e ) =4.6176,S¥N(c,)=2.7287,
SP(e)=4.1150,S¥ (¢,)=5.1930;
S¥ (¢,)=2.7081,S¥ (¢,)=3.7297,
S () =14.9053,S¥(c,)=3.0164,
SE’;T(CQ)ZZLZLOZ6,51;71?((2):\).4806;
SE (c;)=2.4204,S¥ (¢;,)=3.4420,
S (ey)=4.6176.S¥N(c,)=2.7287.,
S (e)=4.1150,SP (¢4)=5.1930;
SEII ((‘1):2.7081,52}1 (¢,)=3.7297,
S () =4.9053.,S¥N(c,)=3.0164,
SP(¢,)=14.4026,S} (¢,)=5.4806.
WIEH 3, B c1scoses oy FIRLEDHN 0, =
0.3810,,=0.127 0sw; = 0.055 6w, = 0.436 5. A
W T Ev={zi 2} EAR BRI 73 1F M 6 (6 €
H) T WL TR E 5 3R
wop(E ) =2.5824,pupp (E ) =3.6041,
e (ED)=4.7797 pin (E,)=2.890 8,
pn (E ) =4.277 0, ppy (E ) =5.3550.,
HR4. HE—-NMEERSE S=W.CUD,V,
)T YE, (E;, €U/IND(C) K Ve, (¢, €C,
i=1,2,sm) 41 (SPETI(C,’)_SEIJ\.[(C,'))(SET(C,')_
SE (e >(SE () =SE (e, (SE (e)) =S (e, )
B, W Cppn CE;) — gy CE;D) X Cunp (E; ) —
pop (E;))— Cupp (E; D) — ppp (E;)) Cupy (E; ) —
poxn CE D)) HEGT.
IEA. A
(pn (E;) —pn (E;)) (e (E D) — prp (E;)) —
Cupp (E ;) —ppp (E;)) X (upn (E) —puanw (E;)) =

D0 @ (SE () =SB (e, )X D) w0, (S (e,)—
i=1

i=1

S ()= 2] w (S¥ () —SF ()X

i=1

D0 w0 (SP (e =S¥ (e,

i=1
il A AR A (ST (eo) — SEY (e (S (i) —
S¥(e)) > (SE (e;) =S¥ (e)) (SE (e —
(e,
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Dw (SE(e) —SP (e X
=1
2w (S¥F () =S¥ () —
=1

Dw (SF () =S¥ () x

=1

D0 @, (SE(e) =S¥ (e,)) >0,

i=1
M (o (E ;D) — ppn (E ;D)) Qe (B ) — prgp (E ) >
(pwp (E;)D) —pop (E D) (upn (E ;) — e (E ;) BUOL.
ik .

2.3 SBA-3WD-SF A FEES

R P 5 R R 4R B AT SBA-3WD-SF 48
RIFEFER 2 MRS T={(X. "X} X341 ahE A=
{ap,apsaxt  MAHR B ZRG PP sRECRT 3 4 Ko .

Table 4 Comprehensive Evaluation Function
x4 ZETEMNEH

A
T
ap ap anN
X 14PP L BP JANP
- X PN BN JANN

R DL i e S F ORI [ BhAE apsap s
ax BTV E (E, €U/IND (C)), 3T ALl F &
14 3 22 XU 433k

Rap|E)D)=ppPr(XIE;)+umPr(~XI|E;),
R(ay|E)D)=pwPr(X|E)+pnwPr("XI|E,),
Rax|E)D)=pwPr(X|E;)+pwPr( 7 XI|E)).

(20)

R A5 DL S0y ke 5 9 DU ol 75 350 B XU B /)N £ —
B EhAE AE AR A i R T AR B 3 Sk ok
B .

(PR Ry |[EH<R(ay|E)HH Rap |E;)H)<<
Rax|E)) .M E,ZPOS(X);

(BYWR Ray|E;))<R(ap |E;) H R(as|E;)<<
R(a\]\E,-),}rUJ E,~“BND(X);

(NIH R (an|ED<R(ap|E))H R(ay|E;))<
Ray|E) W E;=NEG(X).

X3 ZRPCHAIN 5 H R Pr(X T E)D B 45
ZEA VRN BRECH R ARG 2 X 6 M 2. & 27 51T
W BRBOH 2 A5 e (B, <poe (E;)D) <<pewe (E)
oan CE D) ppn (E ) <ppn (E DRI, 7E LRV R
ORI B T o ol 75 i SR IR /N 18 e 5 R0 2

R(ap|E;))<R(ay|E;))SPr(X|E)H)=
pen(E D) —panw (B
- pao CE D) —ppp (E D) Fpon (E;)D) —pn (ED
R(ap|E;))<RGa|E;)H)&Pr(X|E)H=
pon (E ;) —ppn (E D
s (E ;) —pep (E;) Fpon (E;)D) —pen (ED°
Ray|E;)<Rax|E;)DSPr(X|E)H=
/leN(Ej)*/lNN(E])
B pae (E;) —ppp (E D)+ pin (E;D) — o (E;)D) 7
R(ap|E,))<R(ap|E;))SPr(X|E)<
pen (E D) —ppn (E )
pn CE D) —ppp (E;) +pon (E;) —ppn (E ;D
R(av|E; ) =R ay|E;))SPrX|E;)H<
pn (E3D) — o (E )
o pxe CE D) = (E D) Fpn (B —pon (B

R(ax|E;)D=R(ap | ENSPr(X|E;)<
puen(ED) —pww (E D
pne CE D) —pop (ED) Fpon (B —pan (E;)°
E—20 O T A% B PSRRI B T 29 20 ff g Ak
Ny

o /lPN(Ej)*/lBN(Ej)
G e (E) — e (E) 4 oo (E,) —pion (E, )
g = pien(ED) = (ED
! ,uNp(Ej)*/Jp,p(Ej)+/11;N(Ej)*,uNN(Ej)’
o pen (E) — o (E )
T (B — e (E)D) Fpen (E) —pan (E )
(@AD)

v

HRPEPE T 4, WA A
/pr(Ej)_;lpp(Ej) ,u,\]p(Ej)_;l}sp(E,')
/IPN(Ej)iﬂBN<Ej) /IBN<E]')*/IN_\1(E]-)’

M  AREE
£>i§i>M>i(a bacad>0)
a c a atc ¢

BT A N

pep (ED) —ppp (E;) pp(E;) —pe (E;)
puen (B —pn (B pen (B —pn (KD
pne (E ) —pp (E )
s (E;) — i (E )
BT B 0B, <<y, <<a; <<1 BUOSL. A LB (P) (B)
(ND ] DLEE A b R 7m oy
(PR Pr(X|E;)=a; | E;ZPOS(X);
(B ik B, <<Pr (X |E;><<a, | E,; =BND(X);
(NI Pr(X |E )<, .l E, = NEG(X).
L5 ERTIR AR ARSI L 25 0 T — A A IS
Y = SR I3 e s
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24 HEDE

HRAE 2.1~2.3 37, I 2457 1y JEAS 25 B ] ply 55
% 1,2,3 FoRIEBEE 1,2,3 om FBoRFUEE R
A w, G=1,2, 0 m) TR G458 P 0B
S0 E€E HH)RMREBX/FEMN.E, FRBFMKR
IND(OHER U LS4 UIIND (C) H i
EESM %, s Fm UIIND (O T EAEL. pos
bnd sneg 43 537 1E 38K | i1 B K .

ik L AR F R A,

WA :S=WU.CUD.,V.f);

i o,

@ fori=1tom

1
var (V,)=—2(v; —5,)%;
nj=1

Temp+=wvar(V,);
@ end for
@ fori=1tom

(_var(V,)
Temp '

w;

@ end for
Bk 2. MG LA A I s AL
BIA:S=WU.CUD.V,f). X 0,75
Bt s (E .
@ for each ¢; €C

for each E; €U/IND (C)

¢ (E; . X)=
[l €XD N (o (ED=v, (D} UE; |
| XUE; | ’
@ end for
® end for

@ fori=1tom
while 2<Typp <gpp<7wp & & 2<pw<
v <pexn & & ox = an) e — 7up ) =
(ger — 7ep) (P — 7nn) do

m

® o (ED< 2] wln(g (B, X0 X ()"

i—1

end while

@ end for

Bk 3. AR 73 2 HE A R (ace) S ]
(recall).

A :S=WU.CUD,V, ). X .5 (E;);

il cace s recall.

@ #tEtL pos=C.bnd = sneg = .

@ forj=1tos

- /lp]\'(Ej)ile]\'(Ej)
% ;l[;])(Ej)_/lp[>(Ej)+/le (Ej)_/l[g]\' (E,)

and

#BN(E])ileN(Ej)
B e (B — g (E )+ g (B ) — g ()
IXNE, | .
|E; |~
if Pr(X|E;)=a; then
pos<pos UE, ;
else if B, <<Pr(X|E;)<<a; then
bnd <—bnd UEj;
else neg<neg UE; ;
end if
@ end for

| X N pos|+ 17X Nneg |
@(lc(,-e ‘U| ]

(X Npos|
X[ 7

@ return acc srecall.

WA AT 1,2, 3, i 4R B UA Y I R) & A
KT =0 ") Pt B $2& 53 05 78 8L S A 0 b 2
AT AT

Pr(X|E)<

©®O0eo6e

recall <

3 XtHEEIE

3.1 XWiEHR

T 7 3B A 3ok 8 4503 P P 3 OGO 1Y S B
AEW 73 S o5 B R B0 L A1) 2 T H 7 3R
PR DB AR PERE Y 7 Y5 b L A DEAD 98 BR O v 1
Caco) AR IR (recall ) Y.
3.1.1 ERGR

X T 57 39 A2 3k 20 2 57 3 44 i A 3 57 S R
428 B 5 0 R A 4 3 1) 5 0 TR AP SIS A i o R A2 L
St LB e ) 20k DR R Y R R B A TR O AN B SR
JFH VB FOR A 1 2o U8 A 10 P RE.
P P

vl
Horp om o R SE R B IR B A 4 R G 4 43 DAy 7 3% i A
FM B ) TR TR A B IR X R 0 vk
R AF AR L (U | s ve sl v 8 Fir A I A7 ) et
3.1.2 Hm=E

X 37 S WIS A7 sk o 7 3R 7 g ) 4 3 5 3K
R A7 288 1 o5 S o iy 3 A7 B 9 B g D)0 ) 2 ik
i R 17 IR A7 8 R 1 BE B A o B sk U A 1 1 BE
T PR AN W R P A T 38 0 A ik 0 4 1) 4 B

22)

acc —
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all =2 (23)
reca —_— N )

Horp N RS2 3 R 1 6 S A
3.2 HEBLESSHIGE

FHIE FAG GE i — A AL, — S e SR A Y
BT AE 3R e 5 sk, ) HL BB A Ak R A R A AR
AT A R 55 43 25 1 8 23 45 O3 Ml A28 T 3WD-
DTRSs #& B0, B $2 /) SBA-3WD-SF #4 5 BE 42 5
YT R K AR 01RO T B0 IE X — A P 4 i sy 35
PR DB 58 SER A 2 A H R B 4R L — 2ok A
UCT #L#% 2% 2] B0 %R 1) Spambase #4048 . L
TRk H CHR35 142 Bt 1Y PUL Corpus ##64, —
H I FEAMF B WK S PR .

Table 5 Basic Information of Datasets

x5 HEEEXRER

Datasets Sources Sample Size Spam Legal Mail
Spambase UCI 4601 1813 2788
PU1 Corpus Androutsopoulos 1099 481 618

X F Spambase i 5, SCHG R HLEEEL T 3 000
MREARAE RN R BG4 T F 19 1601 DMREARAE N
MEOIE 4. & 58 . R A Entropy-MDL J5 5% X I
SRAOHE A Ko iR s S AT B e b L AR R
F A HAR B R R AL X Bl 4R AT REAE B, A
57 Ak MFIE M I T 20 A SRR P X F PUL
Corpus F¥g4E . i F iz il BHE AR 5 2 95 10 4
P43 o PRIt S 0 B ML 35 BB T HE R Y 8 AN A AR S
GRBR A R Y 2 AR D D R L i — 2D
R JH T 5 AR R0 5 B RR AR 4 S B (KBest
feature selection) X £ 5 4 FE A7 AE B 5 , I KI5 1
R I RAG TR e 4% T HT 200 A SR JE .

Sy IS Y 1) M B L £ X 3WD-DTRSs 8
BFT 4 SBA-SWD-SF M, 5250 5 B B L4 1 T
5 MBI 6 KK 7 s ARYE 1.2 % o0 NB
S AR B L CASE TR 1 [ AR R T R SRR
H E=AxelAe s W 8 PR,

Table 6 Loss Functions of 3WD-DTRSs Modelt'
+ 6 3WD-DTRSs 1 B B 15 & & £

Case Axp App App ApN ABN ANN

Casel 9.0000 8.0000 1.0000 9.0000 7.0000 3.0000
Case2 7.5000 6.0000 1.5000 8.5000 6.5000 2.5000
Case3 8.3000 7.5000 2.2000 7.9000 7.1000 1.8000
Cased 6.0000 5.0000 1.0000 5.0000 4.0000 1.0000

Caseb 8.5000 7.5000 0.6000 2.4000 2.0000 0.8000

Table 7 Coefficients of Evaluation Functions Based on

Similarity Measure

x£7 ETHUEENTNRENEY

Case NP nBp nep 7PN BN NN

Casel 9.0000 8.0000 3.0000 9.0000 7.0000 3.0000
Case2 7.5000 6.0000 3.5000 8.5000 6.5000 2.5000
Case3 8.3000 7.5000 2.2000 7.9000 7.1000 2.8000
Cased 6.5000 5.0000 2.3000 5.0000 4.0000 2.4000

Caseb 8.5000 7.5000 2.6000 5.4000 3.0000 2.8000

Table 8 Threshold of Binary NB Classifier"-
x8 I NBHAEBCIMEE

Case &

Casel 1.0000
Case2 1.6800
Case3 2.0450
Cased 2.9120
Caseb 3.8080

33 XWERSHW

TG B X 43 25 4% 1Y HE L R . SBA-3WD-SF
BI5 750 NB 4026487 & 3WD-DTRSs £ B0 7
i 4 Spambase bR B A& 2 () (b) FTR.
ME 2Ca) (b) 0] LA & B Spambase #HE4E I+,
3WD-DTRSs #55 } SBA-3WD-SF #5451 ) 43 2% 1
W2 ¥ F =0 NB 8, H SBA-3WD-SF #5174 L
i T 3WD-DTRSs AL 55 4b, 4n &l 3 (a) (b) fiiR
Al L& B SWD-DTRSs 57 } SBA-3WD-SF 41 7l
432 ME R ¥4 T — o0 NB £ %1, H SBA-3WD-
SF A (1) 43 FUEW R0 T 3WD-DTRSs £ AL,

HWK BEXF 43 28 28 09 44 [al %%, SBA-3WD-SF #
RIS 0 NB 432858 & 3WD-DTRSs £ %1 7F 4 42
PU1 Corpus R I 4 0 an 15 3 (o) K&l 3 (d) B
/8. AE PUL Corpus $#i % |, 3WD-DTRSs 5 &
SBA-3WD-SF # 7 #) F [ R B4 F —JC NB i,
H SBA-3WD-SF # # () 7 [0l 3R 22 {ff + 3WD-
DTRSs #i5 7E Spambase 4 £ L, WA 2 () (D
B/ . 3WD-DTRSs ##1 J SBA-3WD-SF 5 5 (1) 3
[\l R 2T — 50 NB #48), H SBA-3WD-SF £ 84 i)
A ] ZEA T 3WD-DTRSs 1 ,

TEZR 6~8 ML SEAM T, 3WD-DTRSs
R 7 SBA-3WD-SF # B 7E Spambase 8¢ PU1
Corpus F¥a 5 I 14 43 B HE w0 R I 43 10l R EBZ AR T
0 NB RIS H SBA-3WD-SF #5868 7643 2
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® SBA-3WD-SF 3WD-DTRSs  m SBA-3WD-SF
1.0 1.00
0.8 0.99
0.6 0.98 |
0.4 0.97 r
0.2 0.96
0.0 0.95
Casel Case2 Case3 Cased Case5 Casel Case2 Case3  Cased Case5
Case Case

(a) Accuracy of SBA-3WD-SF and NB on Spambase

E SBA-3WD-SF NB

(b) Accuracy of SBA-3WD-SF and 3WD-DTRSs on Spambase

3WD-DTRSs

Ll

Case2 Case3 Case4 Case5

Case

®m SBA-3WD-SF
1.00

0.99 |
0.98 |
~ 097}
$0.96
=095t
0.94 |
0.93 |
0.92

Casel

(d) Recall of SBA-3WD-SF and 3WD-DTRSs on Spambase

Fig. 2 Results of comparative experiments on Spambase dataset
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