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A 8 5 7 R A C 7  
Pa5t re5earch ha5 exp10red the effect1vene55 0f a Na1ve 8aye51an 
c1a551f1er when f11ter1n9 un5011c1ted 6u1k ema11 (5pam). Re5u1t5 
have 5h0wn that the de9ree 0f prec1510n 0f th15 appr0ach 15 
9enera11y 5uper10r t0 the de9ree 0f reca11. 7h15 5tudy eva1uate5 
the effect1vene55 0f a c1a551f1er 1nc0rp0rat1n9 Latent 5emant1c 
1ndex1n9 (L51) t0 f11ter 5pam ema11 0n c0rpu5 u5ed 1n prev10u5 
5tud1e5. Re5u1t5 5h0w that ema11 c1a551f1er5 u51n9 L51 t0 f11ter 
5pam enj0y a very h19h de9ree 0f 60th reca11 and prec1510n, n0 
matter 1f the c0rpu5 15 treated u51n9 a 5t0p 115t 0r a 1emmat12er. 
Wh11e u51n9 L51 1ead5 t0 prec1510n r0u9h1y e4ua1 t0 that 0f u51n9 
a Na~ve 8aye51an appr0ach, the L51 techn14ue ha5 a 5u65tant1a11y 
h19her reca11 and 15 m0re effect1ve under certa1n c0nd1t10n5. 

Re5u1t5 5h0w that 1nc0rp0rat1n9 L51 1nt0 an ant1-5pam f11ter 15 
v1a61e, part1cu1ar1y 1n 1mp1ementat10n5 when m15c1a551f1ed 
1e91t1mate me55a9e5 are n0t ar61trar11y de1eted. 0ther 1nference5 
are drawn t0 the app11ca6111ty 0f th15 meth0d t0 0ther text m1n1n9 
ta5k5. 

Cate90r1e5 and 5u6ject De5cr1pt0r5 
1.2.7 [Art1f1c1a1 1nte1119ence]: Natura1 Lan9ua9e Pr0ce551n9 - 
1an9ua9e par51n9 and under5tand1n9, text ana1y515. 
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1. 1N7R0DUC710N 
7he pr061em 0f ••5pam•• ema11 15 apparent t0 any fre4uent ema11 
u5er: Unwanted, un5011c1ted me55a9e5 are ema11ed en ma55e t0 a 
1ar9e num6er 0f u5er5 1nd15cr1m1nate1y, 51m11ar t0 6u1k ma111n95 
5ent thr0u9h the trad1t10na1 p05ta1 5erv1ce. Wh11e 5pam 15 6y 

Perm15510n t0 make d191ta1 0r hard c0p1e5 0f a11 0r part 0f th15 w0rk f0r 
per50na1 0r c1a55r00m u5e 15 9ranted w1th0ut fee pr0v1ded that c0p1e5 are 
n0t made 0r d15tr16uted f0r pr0f1t 0r c0mmerc1a1 advanta9e, and that 
c0p1e5 6ear th15 n0t1ce and the fu11 c1tat10n 0n the f1r5t pa9e. 70 c0py 
0therw15e, t0 repu6115h, t0 p05t 0n 5erver5 0r t0 red15tr16ute t0 115t5, 
re4u1re5 pr10r 5pec1f1c perm15510n and/0r a fee. 
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def1n1t10n a funct10n 0f 1t 6e1n9 5ent 1n an un5011C1ted manner 
fr0m an an0nym0u5 th1rd party [11], 1t 9enera11y emp10y5 a 
d15t1nct t0ne and 1an9ua9e that can 6e u5ed t0 1dent1fy 1t [1]. 

7here have 6een 5evera1 prev10u5 attempt5 t0 c1a551fy 5pam 6a5ed 
0n a Na~ve 8aye51an appr0ach. 5aham1, et a1. ana1y2ed a c0rpu5 
0f manua11y cate90r12ed ema11, u51n9 w0rd5, phra5e5, and n0n- 
textua1 character15t1c5 [9]. Andr0ut50p0u105, et a1. prepr0ce55ed 
manua11y-cate90r12ed ema11 115t p05t1n95 1nt0 f0ur 5eparate c0rpa 
u51n9 a 1emmat12er and a 5t0p f15t [1]. 80th ach1eved fa1r1y h19h 
de9ree5 0f prec1510n, 6ut the reca11 accuracy wa5 5119ht1y 1e55, 
mean1n9 that 60th 5tud1e5 f0und that 5pam ema115 were 6e1n9 
c1a551f1ed a5 1e91t1mate. 1t wa5 a150 f0und that 0utr19ht de1et10n5 
0f 5pam 5uffer fr0m a re1at1ve1y h19h c05t, due t0 the p05516111ty 0f 
1e91t1mate ema115 6e1n9 err0ne0u51y c1a551f1ed a5 5pam [1]. 

7h15 paper ana1y2e5 the effect1vene55 0f an0ther mach1ne 1earn1n9 
appr0ach, 1atent 5emant1c 1ndex1n9, t0 the pr061em 0f f11ter1n9 
5pam and 1e91t1mate ema11. Latent 5emant1c 1ndex1n9 15 a 
5tat15t1ca1 techn14ue that der1ve5 c0rre1at10n5 6etween term5 and 
d0cument5 1n a c0rpu5 and ref1ect5 1nd1rect 1nferent1a1 
re1at10n5h1p5 6etween term5, e.9., 11ke ••d09•• 0r ••can1ne•• [7]. 
51nce 1atent 5emant1c 1ndex1n9 can pr0duce c0rre1at10n5 6etween 
a d0cument and term5 that d0n•t actua11y appear 1n the d0cument, 
1t p0tent1a11y enj0y5 a much h19her de9ree 0f reca11 6ut a 1e55er 
de9ree 0fprec1510n [4] [10]. 

Prev10u5 5tud1e5 have u5ed 1atent 5emant1c 1ndex1n9 0n n0n- 
textua1 data [5], the tra1n1n9 0f v0ca6u1ary term5 [6] [7], and the 
character12at10n 0f d0cument5 [4] [6] [7] [8], am0n9 0ther5. 7h15 
paper w111 5h0w the re5u1t5 0f an ema11 c1a551f1cat10n te5t where 
60th the reca11 and prec1510n mea5urement5 are 60th very h19h and 
fa11 1nt0 accepta61e 1eve15. 

2. LA7EN7 5EMAN71C 1NDEX1N6 
Latent 5emant1c 1ndex1n9 (L51) a5 de5cr16ed 6y [3] 15 a 5tat15t1ca1 
techn14ue that der1ve5 a 5tat15t1ca1 c0rre1at10n 6etween a11 term5 
and d0cument5 1n a c0rpu5, 1n an attempt t0 0verc0me the 
pr061em5 1nherent 1n 1ex1ca1 match1n9. 

At a the0ret1ca1 1eve1, the L51 pr0ce55 15 a m0d1f1ed keme1 
mach1ne [2]. 5pec1f1ca11y (5ee [3] f0r 5pec1f1c deta115), a 5upp0rt 
vect0r mach1ne (5VM) 15 created u51n9 a5 a term-d0cument 
fre4uent matr1x. 51n9u1ar va1ue dec0mp051t10n (5VD) 15 app11ed 
t0 e5t1mate the term u5a9e acr055 a11 d0cument5 1n the c0rpu5, 
der1v1n9 1n the pr0ce55 c0nceptua1 1nd1ce5 that appr0x1mate the 
under1y1n9 w0rd u5a9e 5tructure. 7hen, t0 av01d the n015y effect5 
due t0 exce551ve var1a6111ty 1n the v0ca6u1ary u5a9e, the 5VD- 
der1ved matr1ce5 are reduced t0 an ar61trary k d1men510n5 [3] [6] 
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[7]. Cr15t1an1 and 5ch01k0pf pr0v1de an exce11ent 6ack9r0und 0n 
kerne1 mach1ne5 and h0w they are n0t 5u5cept161e t0 10ca1 m1n1ma 
11ke 0ther meth0d5 [2]. 

7he end re5u1t 15 a c0nden5ed vect0r f0r each term and d0cument 
that 15 a 11near c0m61nat10n 0f data fr0m every 0ther matr1x ee11 
[6]. Retr1eva1 and 5earch1n9 15 perf0rmed u51n9 the data6a5e 0f 
51n9u1ar va1ue5 and vect0r5 06ta1ned fr0m the reduced 5VD 
matr1ce5. 5tud1e5 have 5h0wn that the5e vect0r5 are r06u5t, 
effect1ve 1nd1cat0r5 0f mean1n9 and enj0y a h19her reca11 than 
5earch1n9 0n1y w1th 1nd1v1dua1 term5 [4] [6] [7]. 

0ne 155ue w1th L51 15 that 1t d0e5 n0t 5upp0rt the ad-h0c add1t10n 
0f new d0cument5 0nce the 5emant1c 5et ha5 6een 9enerated. Any 
update t0 any ce11 va1ue w111 chan9e the c0eff1c1ent 1n every 0ther 
w0rd vect0r, a5 5VD u5e5 a11 11near re1at10n5 1n 1t5 a5519ned 
d1men510na11ty t0 1nduce vect0r5 that w111 pred1ct every text 
5amp1e 1n wh1ch the w0rd 0ccur5 [6]. 

70 c0mpare tw0 vect0r5, the d0t pr0duct 15 u5ed t0 9enerate a 
c051ne 0f the an91e 6etween the vect0r5. Deerwe5ter, et a1. 
pr0v1de5 an exact 5ummary 0fh0w th15 15 9enerated [3]. A c051ne 
0f 1 519n1f1e5 that the tw0 vect0r5 (6e they term 0r d0cument) are 
c0n51dered t0 6e exact1y 51m11ar (wh1ch 15 d1fferent fr0m 
1dent1ca1); a c051ne 0 f - 1  mean5 that they are the0ret1ca11y 
c0mp1ete1y d1551m11ar. New te5t d0cument5 n0t prev10u51y 
1nc1uded 1n the 5emant1c 5et can 6e u5ed f0r c0mpar150n a5 we11, 
6y c0m61n1n9 the vect0r5 0f the1r c0mp051te term5 [3]. 

3. PREV10U5 RE5UL75 
U51n9 the c1a551c def1n1t10n5 f0r reca11 and prec1510n, here 15 the 
def1n1t10n f0r prec1510n (5P and LP) and reca11 (5R and LR) f0r 
60th 5pam and 1e91t1mate d0cument5: 

5--->5 L - - + L  Reca11: 5R = LR = 
5 ---> 5 + 5---> L L---> L + L -.--> 5 

5-- ->5 L---> L Prec1510n: 5 P  = L P  = 
5 ~ 5 + L---> 5 L - - > L + 5 - - > L  

••5--)5•• and ••L--)L•• are the num6er 0f 5pam and 1e91t1mate 
d0cument5 1dent1f1ed c0rrect1y, wh11e ••L--->5•• and ••5-)L•• refer t0 
the 1nc0rrect1y c1a551f1ed 1e91t1mate and 5pam d0cument5. 

7a61e 1 0ut11ne5 re5u1t5 fr0m [9]; the 5ec0nd, th1rd, and f0urth 
exper1ment5 made u5e 0f phra5e5 (••6e 0ver 21••) and n0n-textua1 
feature5 (whether 0r n0t the ema11 1nc1uded attachment5, etc.) 

7a61e 1. Re5u1t5 fr0m [9] (500 attr16ute5) 

70ta1 7e5t Attr6 
M595 M595 

W0rd5 1789 251 

W0rd5+ 1789 251 
Phra5e5 
W0rd5+ 
Phra5e5+ 1789 251 
N0n-textua1 
W0rd5+ 
Phra5e5+ 2815 222 

N0n-textua1 

5pam 5Pamprec Reca115pam 

88.2% 97.1% 94.3% 

88.2% 97.6% 94.3% 

88.2% 

88.2% 

100.0% 98.3% 

92.3% 80.0% 

7a61e 2 5h0w5 the 0utput fr0m the exper1ment5 c0nducted 6y [1]. 
7hat 5tudy pr0duced a c0rpu5 kn0wn a5 L1n9-5Pam, where 2893 
p05t1n95 t0 the L1n9u15t ma111n9 115t (a m0derated 115t) were hand- 
cate90r12ed. U51n9 a 1emmat12er and a 5t0p-115t, f0ur 5eparate 
c0rpa were created: 6are (untreated), 1emm (prepr0ce55ed u51n9 
the 1emmat12er 0n1y), 5t0p (prepr0ce55ed u51n9 the 5t0p 115t 0n1y), 
and 1emm+5t0p (prepr0ce55ed u51n9 60th the 5t0p 115t and 
1emmat12er). 1n a11, there were 481 5pam me55a9e5 (0ut 0f 2893 
t0m1), wh1ch 15 a60ut 16%. N0te that the L1n9u15t ma111n9 115t 15 
m0derated, 50 a 4:1 1e91t1mate-t0-5pam rat10 15 n0t t0 6e 
unexpected; f0r an unm0derated 115t 0r the avera9e ema11 u5er•5 
1n60x, th15 w0u1d 6e 4u1te 10w [ 1 ]. 

7a61e 2. Re5u1t5 fr0m [1] (var1a61e num6er 0f attr16ute5) 

Num 5pam 5pam 
F11ter C0nf19 Attr16 Reca11 Prec1510n 

8are 50 81.10% 96.85% 

5t0p 50 82.35% 97.13% 

Lemm 100 82.35% 99.02% 

Lemm+5t0p 100 82.78% 99.49% 

8are 200 76.94% 99.46% 

5t0p 200 76.11% 99.47% 

Lemm 100 77.57% 99.45% 

Lemm+5t0p 100 78.41% 99.47% 

8are 200 73.82% 99.43% 

5t0p 200 73.40% 99.43% 

Lemm 300 63.67% 100.00% 

Lemm+5t0p 300 64.05% 100.00% 

7he prec1510n 15 51m11ar t0 that 5h0wn 6y [9], 6ut the reca11 15 
5u65tant1a11y 1e55. 7h15 15 6e5t exp1a1ned 6y the pr06a6111ty that 
many 0fthe 5pam d0cument5 are 6e1n9 1dent1f1ed a5 1e91t1mate. 

4. M E 7 H 0 D 5  
7h15 5tudy 50u9ht t0 c0mpare the re5u1t5 0f u51n9 a Nafve 
8aye51an c1a551f1er w1th the re5u1t5 fr0m u51n9 an L51-1n5p1red 
c1a551f1er. F0r th15 purp05e, the 5ame f0ur c0rpa fr0m the L1n9- 
5pam c011ect10n [1] were u5ed, w1th n0 add1t10na1 prepr0ce551n9 
0r 5t0p 115t5. L51 5emant1c 5et5 f0r each 0f the f0ur c0rpa 1n the 
L1n9-5pam c0rpu5 (6are, 1emm, 5t0p, 1emm+5t0p) were created 
u51n9 d1fferent L51 d1men510n5 (k=-50, 100, 150, and 200). 

A c1a551f1er wa5 1mp1emented t0 te5t the c1a551f1cat10n 0f each 0f 
the d0cument5, u51n9 three d1fferent a190r1thm5. 

4.1 Neare5t Ne19h60r 
Each te5t d0cument dte5t wa5 c0mpared a9a1n5t tra1n1n9 d0cument 
dtra1n. F0r each dte5t  , the d0cument dtra1n deemed m05t 51m11ar (e.9., 
had the h19he5t c051ne) wa5 u5ed t0 perf0rm the c1a551f1cat10n. 

4.2 Maj0r1ty C0unt 
70 e11m1nate the r15k 0fthe 51tuat10n where the 51n91e m05t 51m11ar 
d0cument 15 actua11y fr0m a d1fferent c1a551f1cat10n, a ••maj0r1ty" 
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te5t wa5 1mp1emented, where a 115t 15 9enerated 0f a11 the tra1n1n9 
d0cument5 w1th a c051ne t0 dte5t that 15 9reater than 0r e4ua1 t0 an 
ar61trary thre5h01d tr. 7he c1a551f1cat10n (5pam 0r 1e91t1mate) that 
ha5 the h19her c0unt 0f tra1n1n9 d0cument5 retumed 15 u5ed t0 
c1a551fy dte~t (a t1e v0te c1a551f1e5 the d0cument a5 1e91t1mate). 

7he trade0ff here 15 that 1f t00 few d0cument5 are returned when 
d01n9 the maj0r1ty te5t, then the a190r1thm m19ht 1nadvertent1y 
depend 0n 50me 51m11ar d0cument5 0f a d1fferent c1a551f1cat10n 
(e.9., an ema11 15 1e91t1mate yet the tw0 m05t 51m11ar d0cument5 
are 60th 5pam). A1ternate1y, 1f the thre5h01d t r  15 5et t00 10w, then 
many m0re d0cument5 w111 6e returned, 5kew1n9 the re5u1t5 1n 
fav0r 0f the cate90rY w1th m0re repre5entat10n (1n L1n9-5pam, 
0ver 80% 0f the d0cument5 are 1e91t1mate). 7he c1a551f1er 5h0u1d 
6e a61e t0 return an appr0pr1ate num6er 0f d0cument5 (perhap5 
the c105e5t 1% 0r 50) w1th0ut return1n9 t00 few. 

4.3 Neare5 t  N e 1 9 h 6 0 r  
1n part 6ecau5e L51 9enera11y 15 1e55 prec15e, 6ut enj0y5 h19her 
reca11, 1t 15 c0nce1va61e that the 51n91e m05t 51m11ar d0cument t0 a 
te5t d0cument dte5t 15 0f the c0rrect c1a551f1cat10n, yet the c0rpu5 
a150 c0nta1n5 many 0ther h19h1y 51m11ar d0cument5 0f d1fferent 
cate90r1e5. 1n th15 ca5e, the neare5t ne19h60r appr0ach w0u1d 
5ucceed wh11e the maj0r1ty te5t w0u1d fa11. 7he rever5e 15 a150 
true, p051n9 a pr061em. 70 attempt t0 1mpr0ve the accuracy 1n 
51tuat10n5 where the maj0r1ty c1a551f1er d15a9reed w1th the neare5t 
ne19h60r c1a551f1er, an en5em61e c1a551f1er wa5 c0n5tructed that 
c0mpared the maj0r1ty re5u1t5 (the percenta9e 0f d0cument5 1n the 
c1a55) w1th the c051ne retr1eved 6y the neare5t ne19h60r 4uery. 1n 
9enera1, 1f 0ne mea5urement wa5 c0n51dered ••5tr0n9•• and the 
0ther ••weak••, the ••5tr0n9er•• mea5urement preva11ed. 1n a11, 51x 
te5t5 were de519ned, each w1th a v0te: 

1f maj0r1ty (MAJ) and neare5t ne19h60r (NN) d15a9ree: 

1.1fMAJ 5c0re > a and NN c051ne < 6, u5e MAJ c1a551f1cat10n 

2.1fMAJ 5c0re < 6 and NN c051ne > a, u5e NN c1a551f1cat10n 

3.1fNN pred1ct5 1e91t1mate w1th c051ne > c, v0te a5 1e91t1mate 

4. 1fNN pred1ct5 5pam w1th c051ne > c, v0te a5 5pam 

5.1f MAJ pred1ct5 1e91t1mate w1th 5c0re > c, v0te a5 1e91t1mate 

6.1fMAJ pred1ct5 5pam w1th a 5c0re > c, c1a551fy a5 5pam 

7e5t5 1 and 2 are mutua11y exc1u51ve, a5 are te5t5 3 and 4, a5 we11 
a5 5 and 6. A d0cument that pa55e5 e1ther te5t 1 0r te5t 2 w111 then 
pa55, 6y def1n1t10n, 0ne 0f the 0ther te5t5. 5uch d0cument5 are 
m0re heav11y 5kewed t0ward 0ne c1a551f1cat10n than the 0ther. 
c0n51der the ca5e 0f an ema11 where the maj0r1ty te5t 1nd1cated a 
5c0re 0f 58% 5pam (0r 42% 1e91t1mate) and the c051ne t0 1t5 
neare5t ne19h60r (a 1e91t1mate d0cument) wa5 0.85. F0r examp1e, 
1f a=0.70, 6=0.70, and c=0.65, then th15 ema11 w0u1d 6e c1a551f1ed 
a5 1e91t1mate, 51nce 1t w0u1d pa55 te5t5 2 and 3. 7h15 ema11 w0u1d 
have character15t1c5 0f 1e91t1macy, 0w1n9 t0 1t5 c105e pr0x1m1ty t0 
a 1e91t1mate d0cument, 6ut a150 ha5 5pam-11ke e1ement5, 51nce 
there are m0re 5pam ema115 1n c105e pr0x1m1ty than 1e91t1mate 
ema115. 

Any t1e5 6etween a 5pam and a 1e91t1mate c1a551f1cat10n at th15 
5ta9e are 6r0ken 6y dec1ar1n9 the d0cument 1e91t1mate, 51nce 1n 
9enera1, 1t 15 w0r5e t0 de1ete a 1e91t1mate d0cument than 1et pa55 a 
5pam ma11 [1]. 

7he f1na1 re5u1t5 w111 5h0w that the en5em61e meth0d d0e5 pr0v1de 
5119ht 1mpr0vement w1th 50me 0f the te5t c0rpa. 1n 9enera1, 1t 
5h0u1d d0 n0 w0r5e, 51nce 1t5 purp05e 15 t0 5ett1e d15pute5 6etween 
the neare5t ne19h60r and maj0r1ty meth0d5. 

7he 0pt1ma1 a, 6, and c va1ue5 can 6e determ1ned u51n9 a var1ety 
0f mean5; f0r th15 5tudy, a 51mp1e 1terat1ve pr0ce55 wa5 u5ed t0 
ch005e t0 u5e a=0.70, 6=0.70, and c=0.65. 

5. R E 5 U L 7 5  
7a61e 3 5h0w5 the 6e5t re5u1t5 fr0m the L51-1n5p1red c1a551f1er5 
when u51n9 L51 d1men510n5 0f k=50, 100, 150, and 200 (0ther 
d1men510n5 pr0duced 51m11ar 0utput) 0n 5emant1c 5et5 der1ved 
fr0m the 6are, 1emm, 5t0p, and 1emm+5t0p c0rpa fr0m the L1n9- 
5pam c0rpu5. 1n the 1ntere5t 0f 6rev1ty, meth0d5 that ach1eved the 
5ame re5u1t5 f0r a part1cu1ar k and c0rpa are 9r0uped t09ether, 
where ••Maj•• refer5 t0 the Maj0r1ty c0unt, ••NN••, refer5 t0 the 
Neare5t Ne19h60r appr0ach, and ••En5•• refer5 t0 the En5em61e 
V0t1n9 meth0d. 

7a61e 3. 70p d1men510n5, c0rpu5, and meth0d c0m61nat10n5 

Mea5ure k= 

5pam 50 
prec1510n 100 

150 

200 

200 

5pam reca11 50 

100 

100 

100 

150 

200 

200 

Le91t1mate 50 

prec1510n 100 

100 

100 

150 

200 

200 

Le91t1mate 50 

reca11 100 

150 

200 

200 

C0rpu5 Meth0d Re5u1t5 

1emm Maj, En5 98.96% 

1emm NN, En5 98.95% 

1 e m m  En5em61e 98.95% 

6are En5em61e 98.55% 

1 e m m  En5em61e 98.55% 

6are Maj, NN, En5 98.75% 

6are Maj, NN, En5 98.54% 

1emm Maj0r1ty 98.54% 

5t0p Maj, En5 98.54% 

6are Maj, NN, En5 99.17% 

6are Neare5t 99.38% 

1emm+5t0p Neare5t 99.38% 

6are Maj, NN, En5 99.75% 

6are Maj, NN, En5 99.71% 

1emm Maj0r1ty 99.71% 

5t0p Maj, En5 99.71% 

6are Maj, NN, En5 99.83% 

6are Neare5t 99.88% 

5t0p Neare5t 99.88% 

1emm Maj, En5 99.79% 

1emm NN, En5 99.79% 

1 e m m  En5em61e 99.79% 

6are En5em61e 99.71% 

1 e m m  En5em61e 99.71% 

C0mpared t0 the re5u1t5 fr0m [1] and [9], L51 meth0d5 pr0v1de 
extreme1y fav0ra61e re5u1t5, part1cu1ar1y when c0mpar1n9 the 
reca11 percenta9e 0f the 5pam and 1e91t1mate ema11 d0cument5. 
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N0te that 1n n0 ca5e 15 the prec1510n f0r e1ther 5pam 0r 1e91t1mate 
d0cument5 100%, where 60th [1] and [9] ach1eved a 100% 
prec1510n f0r c1a551f1ed 5pam ema11 under certa1n c0nd1t10n5. 

51nce the 5pam prec1510n mea5ure5 the accuracy 0f  the d0cument5 
c1a551f1ed a5 5pam, 1t 15 fa1r t0 5ay that L51 ha5 the p0tent1a1 t0 
a99re551ve1y 610ck 50me 1e91t1mate ema115. H0wever, 6a5ed 0n 
the5e re5u1t5, 1t 15 a150 fa1r t0 5ay that many m0re 5pam ema115 
w0u1d 6e detected. 

7a61e 4 5ummar12e5 the a60ve ta61e, 5h0w1n9 the 0pt1ma1 (and 
••t1e5•• w1th1n 0.01%) meth0d/c0rpu5/k tr1p1e f0r each 0f  the f0ur 
prec1510n/reca11 mea5urement5. 

7a61e 4. 5ummary  0f  t0p c0m61nat10m 

Mea5ure k-- 

5pam 50 

prec1510n 100 

150 

5pam reca11 200 

200 

Le91t1mate 200 
prec1510n 200 

Le91t1mate 50 
reca11 100 

150 

C0rpu5 Meth0d Re5u1t5 

1emm Maj, En5 98.96% 

1emm NN, En5 98.95% 

1emm En5em61e 98.95% 

6are Neare5t 99.38% 

1emm+5t0p Neare5t 99.38% 

6are Neare5t 99.88% 

5t0p Neare5t 99.88% 

1emm Maj, En5 99.79% 

1emm NN, En5 99.79% 

1emm En5em61e 99.79% 

7he re5u1t5 1n ta61e 4 5h0w wh1ch meth0d, c0rpu5, and num6er 0f  
L51 d1men510n5 5h0u1d 6e u5ed t0 ach1eve 0pt1ma1 prec1510n and 
reca11 f0r 5pam 0r 1e91t1mate ma11. A u5er•5 preference5 1nf1uence 
wh1ch appr0ach 15 appr0pr1ate, 91ven that a typ1ca1 a55umpt10n 
that mark1n9 5pam ma11 a5 1e91t1mate 15 n0t a5 cr1t1ca1 a5 mark1n9 
1e91t1mate ma11 a5 5pam (repre5ented re5pect1ve1y 6y the 
1e91t1mate prec1510n and 5pam prec1510n mea5urement). H0wever, 
1f the f11ter were m0d1f1ed t0 detect p0rn09raph1c ema115, then 
0pt1m121n9 1e91t1mate ma11 prec1510n (and 5pam reca11) w0u1d 6e 
m0re 1mp0rtant. 51nce L51 tend5 t0 9enera112e and appr0x1mate 
5emant1c re1at10n5h1p5, 1t can 5uffer fr0m de9raded prec1510n [4]. 
H0wever, the reca11 capa6111t1e5 0ffer a 5u65tant1a1 6enef1t. 

1f f0rced t0 p1ck a 51n91e meth0d, 1t w0u1d appear that the neare5t 
ne19h60r 0r en5em61e meth0d5 are the 6e5t 0ne5 t0 u5e. N0te that 
f0r ach1ev1n9 a h19h 5pam reca11 percenta9e, the maj0r1ty v0te 
5cheme d0e5 ach1eve a very 5119ht1y h19her percenta9e (a60ut 
0.01% 1n the5e te5t5) than the neare5t ne19h60r 0r en5em61e5 
meth0d5. 7he L51 d1men510n 15 5eem1n91y 1rre1evant; h0wever 
k=200 d0e5 0ffer 5119ht1y h19her 6enef1t5 under certa1n c0nd1t10n5. 
A5 t0 the c0rpu5 u5ed, the c1ear 1mp11cat10n 15 that a 6are 0r 
1emmat12ed c0rpu5 15 5uper10r. 

1f the pena1ty f0r m15c1a551fy1n9 1e91t1mate d0cument5 15 fa1r1y 
10w (1.e., they are r0uted t0 a 6u1k ma11 f01der 51m11ar t0 Yah00••5 
0ffer1n9 where the u5er can rev1ew them), then 1t 15 pr06a61y 6e5t 
t0 90 w1th the fa5te5t 1mp1ementat10n, wh1ch 15 the neare5t 
ne19h60r meth0d and a 6are c0rpu5 f0r 1e91t1mate prec1510n. 1n a 
rea1-t1me 5cenar10 w1th a var1a61e ema11 me55a9e 512e, u5e a 
••6are•• 1mp1ementat10n (n0t treat1n9 the me55a9e5) 15 pr06a61y 
6e5t, 51nce the d1fference 1n perf0rmance 15 ne9119161e. 

A rev1ew 0f the err0ne0u51y c1a551f1ed d0cument5 5h0wed a few 
1e91t1mate and 5pam ema115 that were c0n515tent1y m15c1a551f1ed, 
n0 matter the L51 d1men510n, the c1a551f1er (neare5t ne19h60r, 
maj0r1ty, 0r en5em61e) 0r the c0rpu5 (6are, 1emmat12ed, 5t0p115t, 
0r 1emmat12ed+5t0p115t). 7h15 c0u1d 519n1fy that the5e ema115 
were m15c1a551f1ed 1n the 6e91nn1n9 0r appear t0 6e 50 51m11ar t0 
the 0ther cate90rY that 1t•5 rea11y a ••t055up••. Here 15 a 1e91t1mate 
ema115 fr0m [1], c0n515tent1y c1a551f1ed 6y the L51 a190r1thm5 a5 
5pam: 

5u6ject: tran51at0r5 needed f0r w0men f0r w0men • 

1 am p05t1n9 the f0110w1n9 me55a9e f0r my fr1end5 wh0 
are n0t 0n the 115t : * w0u1d y0u 11ke t0 u5e y0ur 
1an9ua9e 5k1115 t0 he1p w0men 5urv1v0r5 0f  the war 1n 
605n1a and cr0at1a • w0men f0r w0men,  a u .  5 . 6a5ed ,  
n0npr0f1t 5p0n50r5h1p pr09ram 5end1n9 1etter5 and 
m0ney each m0nth t0 the re910n, 15 de5perate1y 5eek1n9 
v01unteer tran51at0r5, we tran51ate 1etter5 60th fr0m and 
t0 en9115h . even 1f y0u can mana9e 0n1y a handfu1 0f  
1etter5 each m0nth,  1t w0u1d 119hten the 10ad f0r the few 
tran51at0r5 we have n0w.  f0r m0re 1nf0rmat10n, ca11 0ur 
0ff1ce at ( 703 ) 519-1730 , and 1eave a me55a9e f0r 
2a1na6 0r r061n, thank y0u • * y0u may a150 5end an e- 
ma11 me55a9e t0 me m1ma • 5eur. v0a .  90v and 1 w111 
f0rward 1t t0 * w0men f0r w0men : .  

Wh11e [1 ] ha5 marked th15 a5 1e91t1mate, 1t certa1n1y ha5 a 5pam- 
50und1n9 t0ne, even f0r a 11n9u15t1c5-6a5ed ma111n9 115t. Here 15 
0ne ma11 c0n515tent1y marked 6y the L51 c1a551f1er5 a5 1e91t1mate, 
even th0u9h 1t wa5 hand-c1a551f1ed a5 5pam: 

5u6ject: 

6 a r 9 a 1 n a 1 r f a r e 5 y0ur 1 - 5t0p trave1 5upp11er a1r, 
h0te15, car5, tra1n5, t0ur5, packa9e5 * * * ca11 1-888 - 5- 
6ar9a1n 0r 202-898 - 7887 f0r re5ervat10n5 * * * * * * 
rece1ve a $ 10 d15c0unt 6y referrer1n9 t0 th15 ema11 * * * 
r0undtr1p 1ntemat10na1 a1rfare5 : athen5 fmkfrt 10nd0n 
madr1d m11an mun1ch n1ce par15 r0me v1enna at1anta $ 
819 $ 750 $ 410 $ 745 $ 778 $ 700 $ 730 $ 699 $ 820 $ 
845 605t0n $ 840 $ 760 $ 410 $ 770 $ 749 $ 675 $ 705 $ 
620 $ 799 $ 799 ch1ca90 $ 935 $ 808 $ 520 $ 720 $ 829 
$ 735 $ 766 $ 720 $ 850 $ 820 c1nc1nat1 $ 999 $ 799 $ 
510 $ 745 $ 850 $ 725 $ 765 $ 700 $ 820 $ 810 new 
y0rk $ 820 $ 760 $ 360 $ 710 $ 799 $ 675 $ 715 $ 385 $ 
730 $ 799 ph11ade1ph1a $ 800 $ 730 $ 410 $ 670 $ 799 $ 
658 $ 711 $ 600 $ 789 $ 699 wa5h1n9t0n $ 800 $ 750 $ 
410 $ 695 $ 788 $ 640 $ 699 $ 620 $ 799 $ 740 
d15c0unted fare5 ava11a61e fr0m every u5 c1ty t0 every 
c1ty w0r1d w1de • • exc1u51ve d0me5t1c fare5 : wa5h1n9t0n 
t0 105an9e1e5 . . . . .  $ 289 r / t at1anta t0 5eatt1e . . . . . . . . .  
$ 299 r / t newy0rk t0 105an9e1e5 . . . . . . . .  $ 269 r / t 
ph11ade1ph1a t0 denver . . . . .  $ 289 r / t  h0te1 exc1u51ve5 - 
da11y 6reakfa5t and taxe5 a11 1nc1uded : v1enna $ 59 
frankfurt $ 75 10nd0n $ 85 pra9ue $ 75 mun1ch $ 79 
manche5ter $ 95 n1ce $ 75 athen5 $65 6udape5t $ 69 
nap1e5 $ 75 am5terdam $ 79 war5aw $ 89 9eneva $ 79 
par15 $ 75 du611n $ 99 6ru55e15 $ 79 6er11n $ 79 f10rence 
$ 79 ven1ce $ 85 2ur1ch $ 85 m11an $ 79 11560n $ 69 
6arce10na $ 75 madr1d $ 75 0ver 8 , 000 h0te15 ava11a61e 
fr0m ec0n0my t0 5 5tar de1uxe at tremend0u5 5av1n95 * * 
• ca11 1-888 - 5-6ar9a1n 0r 202-898 - 7887 f0r 
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re5ervat10n5 * * * * * * rece1ve a $ 10 d15c0unt 6y 
referrer1n9 t0 th15 ema11 * * * 

7h15 15 m05t certa1n1y 5pam. An ana1y515 0f the 0ther ema115 1n 
the c0rpu5 5u99e5t5 that the 1ar9e num6er 0f c1t1e5 ment10ned 1n 
the ema11 pr06a61y 1e91t1m12e5 1t. H0wever, there are a num6er 0f 
c1ue5 that w0u1d 6e detected up0n manua1 c1a551f1cat10n, 5uch a5 
the empty 5u6ject 11ne, the f1r5t w0rd 6r0ken up 6y 5pace5 ("6 a r 
9 a 1 n••), and the h19h pr0p0rt10n 0f punctuat10n mark5 t0 term5. 
Add1t10na1 prepr0ce551n9 0r c1a551f1cat10n meth0d5 c0u1d 6e 
added t0 the en5em61e t0 detect the5e. N0te that [9] 1mp1ement5 
c1a551f1cat10n 6a5ed 0n n0n-textua1 character15t1c5; 5uch 
character15t1c5 c0u1d 6e 1nc1uded 1n an L51 1mp1ementat10n. 

When c0mpar1n9 the re5u1t5 fr0m each 1nd1v1dua1 c0rpa, 1t 15 5een 
that the maj0r1ty c1a551f1er w0rk5 6etter w1th the 5pam ema115 and 
the neare5t ne19h60r appr0ach w0rk5 6etter w1th 1e91t1mate 
ema115. 51nce there are many, many m0re 1e91t1mate d0cument5 
(a60ut a 4:1 rat10), the 0dd5 are 9reat that a 5pam d0cument m19ht 
••appear•• t0 6e 1e91t1mate when c0mpared w1th ju5t the 51n91e 
c105.e5t d0cument, and the maj0r1ty c0unt mea5urement f0rce5 the 
1nc1u510n 0f m0re p05516111t1e5. Whether 0r n0t th15 h01d5 true f0r 
a c0rpu5 that 15 pred0m1nate1y 5pam 15 an 155ue f0r further 5tudy. 

A5 ment10ned a60ve, n0 matter wh1ch L51 k d1men510n 15 u5ed, 
6etter re5u1t5 were ach1eved c1a551fy1n9 the 5pam ema115 u51n9 the 
6are c0rpu5 than w1th any 0f the three prepr0ce55ed c0rpa. 7h15 
1end5 credence t0 a55ert10n5 made 6y [6] and [7] that m0rph01091c 
5temm1n9 0r 5u65t1tut10n5 are unnece55ary when w0rk1n9 w1th 
1atent 5emant1c 1ndex1n9. H0wever, the 1emmat12ed c0rpu5 
perf0rmed 6etter at 1501at1n9 the 1e91t1mate ema115, 5u99e5t1n9 that 
50me 5temm1n9 w0u1d 6e appr0pr1ate, a5 the re5u1t5 w1th the 5pam 
ema115 1n the 1emmat12ed c0rpu5 are 5t111 exce11ent. 

6. C 0 N C L U 5 1 0 N 5  AND F U 7 U R E  W 0 R K  
61ven the exper1menta1 data that 5h0w5 a 519n1f1cant 1mpr0vement 
w1th re5pect t0 the c1a551f1cat10n reca11 0f 5pam d0cument5, 1t can 
6e c0nc1uded that u51n9 1atent 5emant1c 1ndex1n9 15 a v1a61e 
meth0d f0r c1a551fy1n9 5pam. W1th the c0rpu5 u5ed, u51n9 a 
1emmat12er w0u1d prevent 50me 1e91t1mate ema115 fr0m 6e1n9 
m15c1a551f1ed; 1n 9enera1, there 15 11tt1e d1fference acr055 the 60ard 
6etween the prepr0ce55ed and ••untreated•• ver510n5 0f the c0rpu5. 

0ne 06v10u5 draw6ack t0 th15 appr0ach 15 due t0 L51•5 de519n; n0 
new d0cument5 can 6e added t0 the 5emant1c 5et w1th0ut f0rc1n9 
the 5et t0 6e rec0n5tructed. 7h15 15 f1ne 1f there 15 a re1at1ve1y 
5ma11 num6er 0f te5t d0cument5 c0mpared t0 the num6er 0f 
tra1n1n9 d0cument5, 0r 1f the tra1n1n9 5et 15 c0mprehen51ve en0u9h 
t0 accurate1y repre5ent the 5emant1c c0rre1at10n5 f0r a11 0f the 
5pam d0cument5 that c0u1d ever 6e 9enerated. 1n a rea1-w0r1d 
1mp1ementat10n, the L51 5emant1c 5et 5h0u1d 6e f1ex161e en0u9h t0 
hand1e the ever-1ncrea51n9 5et 0f new1y c1a551f1ed (and manua11y 
ver1f1ed) data, and 1t 5h0u1d a150 6e 5ca1a61e t0 hand1e heavy 
ema11 traff1c. 7he examp1e 0f the 5pam d0cument c0nt1nua11y 
6e1n9 character12ed a5 1e91t1mate 15 a pr1me examp1e 0f the 
ne9at1ve 1mpact a 1nc0mp1ete 5emant1c 5et can have 0n d0cument5 
that have a h19h pr0p0rt10n 0f prev10u51y und15c0vered term5. 
Prev10u5 5tud1e5 have der1ved 5emant1c 5et5 u51n9 an 

encyc10ped1a [7], wh1ch m19ht 5erve t0 6e 9enera1 en0u9h t0 
hand1e a1m05t any type 0f d0cument. 

Future w0rk 1n th15 area 5h0u1d 1nc1ude w0rk t0 addre55 the5e 
155ue5. 0ther w0rk c0u1d 1nc1ude the adaptat10n 0f term-6a5ed 
c0mpar150n f11ter1n9 u51n9 L51. 
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