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FHLE

K LTI, R TFEET VICRIAA T 22 L, J0ENTFEED %
ROFEELRET L. B EIXERTFOSFICE N TS HRFICHER Sh D5
SHOOLESTHY, A HBRICHHASATHWDS, —flE LT, f ¥ =%y
MIREBEN B2 FHAT 52 —EATHDH AL A—/LT 114 [Androutsopoulos
et al. 2000] <°, Wifg/>¥EES [Sermanet et al. 2014] N 5. F 7=, HEWEE D4 E
TEREEMEXNR Lo TNDH X A7 L LT, JHRDIFEZ A7 [Marcano-Cedeno
et al. 2011, Han et al. 2017] <ML~ X 7 [Goodfellow et al. 2014] 72 E03H 5.
INEDZAZIZBWT, B FEITERE LR A 27 TE 72 [LeCun et al.
2015, Goodfellow et al. 2016]. JT4ED T L—27 Z)— & LTCIE, =2—F /% v b
U — 7 NGB BV T S RERRE A 72 2 &< [LeCun et al. 2015], %
JE=a2—F 0%y N =718 o THERRSIVZIREE Al 237 1 o HIcBFI L7
Z & [Silver et al. 2016], T L EA—ATT DT LA ¥ —IZB5 7 —2 Al 3B
Iz L [Firoiu et al. 2017] 72 ENFT HND. BRFEER NSO X AT
ZERWTENTZMREZ HE T X 2Bl EFEOFRERORBEICL Y, R
TR ERETEL LI hoTc e, 20T =2 LV @mHICUETE 5 &

T2 ENZET 55 [Bishop 2006]. £7=, HbkEE X, AL A—L T
A NV ZRHBEIER, BEGRRE VWoTo, £ U F—Fy N ETHAFIHEN D —
EZDRER L T2 5TV D.

B E 2 D2 — XTI, 2RO —F =S4 i 217 5 0 L [FkF
2, 2= —DITEINLE LN IFRA LSS 5 [Mitchell 1999]. Z o X HiTL
THWTFE L, 2— =074 =Ny I hoflibohlc@RieT—2z2F AL,
K VBN RO BT 24TV, HEIINCHERERE/L LN TEDHED
[Z7pole. =Bl LT, ANBA—=LVT A NEDr—A%E 2 5. HlZIEA/NA
A=)V EGFRIS NI A =D, BERITITIFANRL A=V ThHoTeh, 22— —
FZDA—NEBEANRNLA=NTHLLEZTMT LRBTIENTE D, £,

[CHEANRDA =N EFEINT A=V NEBRIZIZANRNL A=V Th > T5E,
=P =TI DA =N EANLA =LV THLEZTTMHTLREBT I TE .



IS DO EE U T, RFE I LWARAA— L ORE = 2R L, 4y
FHRE N &AM BT 22 LN TE D,

ZOa—HF—DITHORLHEE FEH OB B LA, iR E 2 RS, K&k
T AEAZRH L TE 72 [Ma et al. 2009]. ZNEDOX 27 IZHWLN, FTHEFIC
FEHINDFECHEMDVFEND D, Hilid 058 L%, 70 shizT
—ZEFEL, ZOERE L LICTHEITO OO THD. ZOK, E7LDOFH
WD T —ZIZHETT — % IS, BT — 2 oISk ThH Y, ¥ A
JISCTRRDZEADPHVEND, —flE LT, A/RLA—/L3HRFHRD R
PE MR ITRER SN D, S Z A7 IZHOWTHIT 5. MESE S X
7 DYt BENT — 2 \XIER] « ABID T AT B FERNIZ /2SI TV D LER
2. BT =2 NOELNTERITRFEANZ SV EEEIND. FEAN7 P
B TFEET N EFET L2007 —2E£ETH Y, BFHOMBUEES, B
B EDBEWMNEEN D [Alpaydin 2014]. = LT, #hlid 0 58 €7 VT4
N7 VNS EFNZEBT DT — 2 Offm, BLOARNIZRT 57— & O %
L, FHOT—2BNEGTH DD, HDWVITARITH DO TRZET.

1.1 WHFED AW

— R, BEEE TRIRFERICRB VT, T IR OEWZEOHKETT
— A BFETDHEVIRHEO S &, B E /RS [Mitchell 1997]. L L7
WH, ZNODOETMIEET — 2 BNPETHLIHE6°, RNl THL5EITMH
BEAN KIEIZIR 4% [Mitchell 1997]. Z 9 L7k 6, KB NHONRT 2D
BWF—& T3 <, e LA/N T — 20, REHRT—2 16 THENT
FEEAT O FEOBENLEEN TS [Lin et al. 2014]. TDOHEBDT=H, AED
FOENRE ) ORI ~DJS A DEFERIZE S 71T % [Hattori & Oaksford 2007].

ANEFDEPDAN=ARIERN O R RSB E L FEHTE L2 L0356
N TUW5 [Gerken et al. 2015, Lake et al. 2017]. % z21%, ARIOSNE R #6 CEE
THNNERIZR, —BHDOINANG, ZORE ION, OB & OEWR E, %<
DI A B4 % [Lake et al. 2015a, Lake et al. 2015b]. Kéhk=2E CTREED



FEHETOLE, BREPOBRTORMT —F 20 BL T L END D
[Tenenbaum 1999]. £7-, AMIFIERIZFE T H7-012, AflEFEH T H0E X7
VN [Tenenbaum 1999]. B x1X, ShIRIZH N EVWIHI M EEZFE T 5720, Y Uk
EOMDEY 2 R T oML, Tbh, ANHIFHE—07 7 28T 50
BEOT —Z PO SR A S FTRER— 5 C, MR 13D s T X LR
BT HZ2EOT —F A NELT 5.

Lo ko7 AR OEN - FE G821, BA N4 7 A [Kahneman 2002,
Tversky & Kahneman 1973, Tversky & Kahneman 1974, Feldman 2000, Goodman et al.
2008] NEHBRL CTW\5 & &b [Hattori & Oaksford 2007, 75 & 2007]. #8%1/3A
TALE, BT LB TIER VWL OO, FFEVARDBUCHIBIICE RS D, AMFr
FORMOMY ThD. BIZIE, 242 N RAZHKEAT, ZOREEN [3F-F£-% -
KRB ol T 2. oL RERMEONTZEE, ARIZZOT0=1
WA TN SN TWDDTILZRWD, 728 LG A ih 5 [Tversky & Kahneman
1973]. £/, bLbaAA Y PAOKRN £ - K-R-H-EH-H| Lhhotfas, =
DIERNT VA NTHDLEE LT, F—LAZDOLONRANETHDLEK LS. DFD
ZOBNZENT, ANHIFDTREITRED =14 > b 2 BARPUCAIET 217 5. AR
ZORH OFBERRINC LY, DTN RY U TANE BN FEEEB L TWD
T HERMAH Y [Hattori & Oaksford 2007], £7=, Z D X 5 22 ARBIORENFES %
FEAR BN S T B EFZEDS B A T Ty D [Lake et al. 2011, Salakhutdinov et
al. 2012, Lin et al. 2014].

AWFFROBHL, Y ET—F TICBIT 28T E OMBEAZ kT <<, AMH
DIRBHNA T AZBAL, LVENZFEEHRENZFOWMTEET Ve RET D
2L ThD. BARMIE, RIRHEGRE 7 V2 S FIEICE L, 3817
AN K DR R OEIMTT 21T 5.

ABFFETIE, AL A=V LR D B M %2 T —~ I, 7 10
RELL AT o Tc. DX A7 I TRE, MFEE OMIEO-M & shT&E b
DTHY, ZOMRER EREENTWD, TNFDOX A7 IZBIT HRENRFIE
Thd, %ib T2 A —T XA ABILR=a—F Ry NT =T IZFRHNA T A



B L. TA—T M X =a—T Ry FU—J1F, 3HEF A T7ITBNT
BEICHWOND, T A —T X RIS AOEEE B LICHEH P FRIER T
ETHY, =2—I 0%y N =27 ZEOMOHEAMAB 2RI LIz, LT L bt
HFHTIERNFETH L. AR TIEINDD 2 ODOET IVIRBEIANA T A%
WH L, DX A7 IZB T DREFIEDOR YL RT.
PREFIEICH W= Loosely Symmetric £ /L [#£J5 & 2007] 13500 & ek %
WHHHPEHETNVHHAFGETH Y [Takahashi et al. 2011], Z D &b, K
JECII B BT DL A7 - AR E A7, EHFRIFE - IERGTTF
EOWHFIZ, BMAAT 2@ L. REFIEIFEDF A7 ITBWTHME
T2 HOTII AL, BIREE~OBIBFEFIEOE, WO HbFFEs) B O
LEATH) 2L AMET 5. IREITIE, BTFE~OISHIZHW b D KR
72 B NZFRENRH A D BAFIFFRIZ W TR 5.

1.2 K ERHEGm
1.2.1 =B&mis & s

REHEFROESLITE <, OB ZICT VA MNT LAD =ZBGmks, =v o L
AT A (=27 V v ) O [ Sroyeia) | (ZHED SN ABRERIRE LZH
FENRdDDH, TYARNT LADOZEBGmiEE, Bl I (1) EToOVARERETH
5. 2) ECOREHENWILETHD. ) DO ETOV LN TH D &
T 2.) EWOHERR T, HEHREDHLEN L, ZIOLUARMIZETH D

JREET2EW OB IND. 7Y AT LAO =Bk e HTh
HEROONLIZEWANGHELRS TERLT, 2O b, HbHpLHHEMNIC
HLTZOFENSIFREERD ZEIEFIARFARETHD. £/, =V 7 LA T Adf
Mop,qr WIFETDH T Q) p 2513 q 2 q 2613 r, B) 2T p &b
X r] EWIHIREH =ZBEME LB TR OEE TV, ARRICES S EHEOHE
Wma T ol DFE D —RBEMROR S Z D RFERFE LA, IF L gL oM D
ENOHREOHTF TV Z & BFRERHER O B TH 5 [Katz 1993].



1.2.2 Pierce DGRIE %

FRO L2, TV A MTF LA =ZEGmikid TRWR<ETHLIEW] 2ok
EoRLTUIRLT, F20b MRMICETH S LIRMETHEH L2 b
W SID., 2EV T VAN LAO ZEGRIBEIIBR S 2R ET, KFELANE
FNbLR<BLRARERI CERLRVOTH S, —J, Pierce 1L MR L
(abduction)] & FEIEN %, 1H##E (deduction) & &J7#N (induction) & & H72 % HEsm o
KZHB L7 [ER & B 2007]. Pierce DARGERIZLLFDO L 91, 7Y & b
TV ADZBGME SRR DO =Baaik s L OB TE 5.

Bl 1 TS 7= B Ui A3 st 5 (A— B)
Bl 2 HIE R TV % (B)
il 7 SRS TZDEA S (4)

IR—= 2 DAGRIGR DK Z 2R 80E, 7V A M T L AO =BGalk & 135870, &1
RBHR S ZFHET L LV AIZH D, EROFNIENT I O =ZBGamikid THimm
RAILTND] EWIFERITH L TRARSTD, HEmAhind] &) RN s
MABESTZDE] LW IR aEE LTV D, RN 6 Ml 23 i 5 B
ERETICRL S XY okEZIE L] R 27V 7 F—2NEBoKk Lz 72
ERE A B NE 2 b, HEARI TS Z & ZBBICRAFES 7 EHEIT 2

TRV THLHRNDH S, L LR s, 29 LB I 28 A HEm XM
272 OOV B [#8 5 2007, Sidman et al. 1982], i & 5| & Z 3 (K
DONEDIZRRINAAL T AND 5.



1.2.3 FRHINA T A

PENANA T A LE, T L bR TR, AR ORIBER TH Y
[Kahneman 2002, Tversky & Kahneman 1973, Tversky & Kahneman 1974, Feldman
2000, Goodman et al. 2008], #E&FEHIZAFIZE < & S TW5D [EFES 2007,
Takahashi et al. 2010]. AIOBHICE END ESNHNA T AOHT, KbHIEFEH
SNTWDEYOBINZ, RFE A 7 A [f&E 5 2007, Sidman et al. 1982] & #H A HE
it N4 77 2 [Markman & Wachtel 1988, Merriman et al. 1989] 23% 5. /XA 7 A

WHEEORENHOBHIZEEG L TWDH, ERzb EICEREELINTEY
[#F=] 2008], XM SA T A LA AYRONE S A T ZARFERWNVFEFIZEBL TW D
EW ) EEMRH S [Hattori & Oaksford 2007]. WRIALLRRIZ, XFFE A T A LfRAE
PR S A T AZ WL 5.

1.2.3.1 FfFMEANA T X

SPREANA T 2 E0E, R p 2 ORER ¢ BEETDZ L2V LBIHILT-
Bz, MR g ZHBELEZE, ZORRKN p THLEBZXLHEMTHLD [HERH
2007, Sidman et al. 1982]. #l 2 (XJRK p 25 THRBFES7Z) , #EFR g 25 [HIfA ¥
izl L Ligdh, TR 6, Mmadani) & o F5 2G5S0 L7
BT THHE 2SN T DX, RS T2DTE ) EBX DBEThH D, [P 7T
ZADPIRE Fig. 1 (27, THim2s otz ) BREIZIX TS - 7o) DIAMC b, [
BV T =RBOK L] REMDOFERGEEZZ DN D720, O X5 2tk 4

ICTF T OIFGMEMICRRY 250NN H 5. LnL, 20X efEmidfii-b
DAETFIZBWTEL B2 o, BEEFEICBWTHaENRBzL2T5L%
X HIVTWAHIER & HEF 2007].

1.2.3.2 FHAHEE A T X

AP A 7 2% TS A PSR- SiUE B B2 D) L0 ) FEEND



M5 A BN SNe0nd B iR Z o220 LB MM THS [Markman
& Wachtel 1988, Merriman et al. 1989]. %1 x (X, REBIS 7-fikic TSR Z A fHi e &
BLhbozBHoTHITEHA L5175 F5 AN MEZA TS,
BM [BbbHrZH-THIT2D) & LELS, AT EEZ AT TRVEEBD
LozH-ThITEEA] LWIHIRBOREL MEZATT2EBbbraH
STbbx b EMRL, —EEGMEL T 5. A S T 2OHFIR%
Fig. 2 1Z-d. 2Ok, BBUIHRIZ FERAZ T IT 20l BbbL 2 o ThIT
FHAL L P LLTRZ TV DR, FHHIRERORE L EE T 5 &
BbbozH-THHAD] & “W” & LTIRATWD., FHIFZMORR
BARZIRRI L TV D28, #ERAMICHIE2EEOBBIZITMREI LTS [Matoba et
al. 2011]. M A HPEfE N A 7 2T IR OFEEFEBICARICEH LT
[Markman & Wachtel 1988, Merriman et al. 1989, Markman 1990, Diesendruck &
Markson 2001, Halberda 2003, Birch et al. 2008, Takahashi et al. 2010]. 1 z |1Z%h B
Vo a3z b ThRIzEE TZNDO4ARNE, Va3 Thh] EFPATEE, IRICHIEDN
MHTAHL Y VERELE T2 (FLrY) OARNL, VI TERY &5
AHTENHDL. THCEVHRIL, VT - ALVl WHARIZIREIT S &
<, ELSRADIENTE D, DFE Y, FBETFEHICEIT DM AP 1T
2L, THIORGITITRIOLHBFET D) EWOIREEZBTZH L, TOMRED
HETHRITFELZED TN LW O R EE 2% [Markman 1989, Imai et al.
1994].

1.2.3.3 WRHwmET v

RO T A, IR &R OB 2 T3 RO BRI 51
TR MRS TE 7z [ERS 2007). K p EAER q BDIFEET D, 2106
DOPFRMET Tablel (TR T 2x2 HEIRICE > THETZLENTE B,
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Table 1. Contingency table of the LS model.

q

P a

QU TN

Cc

<

ZOKE, a 1TEK p B oTRHIHER q BEZ TR P@Qlp), b 1TEKA p 23
o RHTHER q DEZ D> T2MER P(q|p), ¢ 1TRK p Medo ToRFIZHE
Boqg WEET-MEE P(q|p), d 1ZRKE p N omRpIRER g D& 2o 7z
R P@p) THD. p BRY g l3EhLThp & q DEETHD.

INFETERINZRNEHGET L O—FIZ [Jenkins & Ward 1965] @ AP &
7L<, [Hattori & Oaksford 2007] @ Dual Factor Heuristics (DFH) ©5 /L33 5.
AP E7MIFE (1)-(6) TRDO LA, R p 3o T-RFITHER q 25 & 7o
ELRR p WEERDSTZRFICHER g DEXTZMROELE X, TOEN 0 X
D HFHFICREWGEIIRRBER DD L E X, £ 9 TRWHEAITRRBEERR 2
WETHHEDTHS.

a

P(qlp) = 25D (1)
C

P(qlp) = T4 2)
a

P(plq) = Ttc (3)

P@IP) = —— )

ZNEDOHIEEIE RN S, R EEROKIEE AP 133K (5), (6) DX HITKRES.

AP(qlp) = P(qlp) — P(plq) (5)

AP(q|p) = P(qlp) — P(qlp) (6)




T2, ZOHEJFRINERERN p & g THDHETHEX () ICRTEEIELR,
Z O HAEYME 2 FIZ 729 2 E 30050, SRREIEEE Ly [ER &
HHEF 2007].

AP(q|p) = AP(qID) — P(qlp)
= AP(qlp) — (1 — P(qIp)) ()
=AP(qlp)

—7J3, DFH &7 VI3, R HREROTFRIATRENE P(qlp) 6 L OURIK DOFERIZ
T D EYE P(plq) @ 2 DOMEZENIITTROIFIRE & 75 5R 0 BARIEN 7] < 5B
MEF, DT BIROERIZKR SRR A2V E R END. DFH 7 /U Fit %
e 50, A Z w2 Ly (&R & HBF 2007, #55 2007]. DFH
ET IR DR & EROK R MR A (8)-(9) 1R

H(qlp) = yP(qlp)P(rlq) (8)
H(qlp) = yP(qP)P(®lq) 9)

Rigidly Symmetric (RS) E7 /L%, BROICKL > TIRESNLET L THY, Xt
PR RS(plq) = RS(qlp) B L UMHAHEMME RS(Plq) = RS(Glp) W FITHANLT 5
[ & W 2007]. Z DOFET VI, B THOKHMEEZ RO, etk
BTV EIHEN DD, EBRIS RS T /LI AR OFHIE & 55V AEBI LR S h
T, AU AN T AR B LT 729 & ST 5 [Ohmura et al.
2012]. AIZIE, ZHRRE T ZHFEORBI AL T AWM no T D &I1EE
ZIZWEEND R & B 2007]. RS EF/MICHIT B IRA & il 5o K R4
i (10) 1R

a+d

RS@lP) = b e 10

10



P EoORESRREE LA & LT, fFME A 7 2 LR YA S A T R S P,
RBLOZONE BAEOFHEAL FREL 35 X D BA¥ I 17z Loosely Symmetric £
FIAZONT, RETTHEMNT 5.

1.3 Loosely Symmetric <& /L

IR DL, SFEANA T 2 L FEHHINE S A T 2 AR =38 T 03
BT — 205 O S ESICEERT D & LT, Loosely Symmetric (LS) £7 /L& B%
L7c &R & 4 2007]. LS & AW RRHER T, X (11)-(14) O Lo ITREn
5.

bd

a+r—0
LS(qlp) = brd (11)

atbtorctprd

ac

+
LS(@glp) = 2tc (12)
atbraretrra

+ _—
LS(plq) = Lrd (13)

+
LS@Ip) = atc (14)

ac
crtdtorctp+d

IhoORIT—REMEIC A X 20, EBRIIIRMAT S HRICO TN RERE 2N
ebDTHD. BlZIER (1) ZEMAEMEIC ac/(a+c), bd/(b+d) EH
TODHEEMATIEZLDOTHD., THEDO IHOMEMN 0 O, LS [T X R
EFEMTH Y, AFRMEANA T A AP AN T 2 EENRW. £/ b=c
Bwile S b & &, (1) & (13) (EEME E 72 0, SERITHE S A T A % i
7ed. £/, b=c & a=d OWMENWLIND & &, X (11) &= (13), K
(14) 1 ZEfE & 720, SRR SA 7 R ERR A S A T A & 5242723, Fig. 3
@-(b) IZ LS IZBITD p>q & q-opp—oq & p—oq DEMRERT,
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Figures 3. Symmetric and mutually exclusive relationships represented in LS.
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M D4 SIEXE [0,1] OFLEAEZ a,b,c,d ODENEFNICHEZ D EICEVE
SN HoOT, 22Tk 10000 HO s E AR L2, Fig. 3 (8) 1T LS(qlp) &
LS(p|lq) DEAtR%, Fig. 3 (b) 1% LS(qlp) & LS(glp) DEMREZNEiurd.
LLHENRA T ARERIIH TSI ND 761X, LS(qlp) =LS(plq) & LS(qlp) =
LS(q|p) 1 EHTHiTe S 4, 77 ZILHBIBER & 2 5. WS, THNENH T SR
FUEZ o F LTy hEeD. LavL, Fig. 3 (@)-(b) DX HIZ LS T MICE
WTINHIFHBIBRE Z X570y OFHERD, ac/(a+c) BED
bd/(b+d) O DODHENPME A T A LAY A T AOF]E BE D
WA ZI T TND 2 ENDND. 2O EnD, LS [IRFM A 7 2 LHA
PEfE S 7 2% 5% < (loosely (Z) Yifi7=3 [Takahashi et al. 2011]. ¥kIZ, AHF%E
THEBSSRDTZDIZHN D, THE TR EKL LTV DEEEEET /VIZHONT
BEl4 5.

1.4 BB =TT L

B0 FH IR T2 FHEOPT THERENRbDIL, X"—kF br
[Rosenblatt 1958] <°= 27 1 » 7 [HlJF (LR) [Cox 1958] 73 5. F7z, #&IT/X—
vt e AR B L=a2—F /%y FU—7 (NN) [Werbos 1975], HAR— k-~
7 B —~< (SVM) [Vapnik 1963] LY, XA XD EH [Bayes & Price 1763]
I LI=F A —7 A X (NB), Breiman (Z X% Random Forest (RF) [Breiman
2001] BRI, Hhax R H AT ITBWTENZEEZ R L TE L. UFICZh
bDFIEDHAZELT D

141 XA XOEHEF A —T XA X

NA ZAOEHL, HEOERMOFJMFAT S HSLICEH L TR Y LA TH Y, Bl
SN FZOREFRELICHRIMERDOD L2 E LT [Bayes

13



& Price 1763]. FH X, Y BF(EL, ZIVENB AWML TR WEE, LLITFToO=R
(15) 23Rk Y SZo.

P(X)P(Y|X) _ POP(Y|X)
PXOP(Y|X) + P(X)P(Y|X)  P(Y)

PX|Y) = (15)

NA ZXDEBDZE 2 DIEMEL 725 DX, BEMEDRHNOERN/(EL, Z0D
EELREHEEZ RPN G 2 6 Tn5H & LIZE, 1 o Tz
TEDEEDIET DR EBELRWVIERLZRODLZLITHD. FHRX, YN
FEL, TRENBEWVIIHSL TRVE, S8R PXNY)=PX)PY) DX

CRED, —FT, A ZOEHIT PX|Y) =25 2ok s - LT, lHEGHN

P(Y)
BAET LR PXNY) 2 Y DEZLMRTHDY, e LTEslHL, 2%
X PERCRAEL TV DHERE LTELS. XA XAOERNRS HREEA S TWD
BHHIE, B oRETFERERS, TOR/ENDRITEE - FREFEMZ > T
HEETHZENARTHDLIZ LITHDH. 29 LT RERND, XA AOEH IR
MDD T, FERH ORI T, MR kA B CIRIAK MR Sh T
7= [McGrayne 2011]. 7=, XA XOTEHOWERMMEIRE LT, G H, 7 —X
D 753t (16) ALY Vo,

paip) =70 (16)

ZOWE P(H) 1TFRiERERL, 7—% D DB S NDEIOR SO H 12
I 2E#MTh L. FalieRIL, 72 2BAT 00 HRTH L. —J, BE
P(DIH) 1%, T—2ZDbDICHTLERTHLLEAD. BEELIT, FR H %
RE LIZFEDT —4% D ICBTA1E®RTHY, P(D) 1XiEHL & ME N EE & 12
5.

NA ADEB A T LTRSS RIS, A =T XA XRH Y, TR

14



INDA=NVGRFEILI LD ETH7F A MBEICHWHAS [Ng & Jordan 2002].
ANDA=NVGZEHIAZIZTBWNWT, TFAMORBET D7 7 AT
C = (spam,ham), ¢;€C LRI, TF A DL HELNDERETZ MLiX
W = (W, Wy, .o, W) EEDPND. ZOKF spam [ZA/NLA =)L, ham [FIEA
INBA=NVEERTD. W B CHTRT 2R P(qlw) 130 (17) ok 51
Kbbs.

P(c)PWe)  P(e) TV P(wyle:)
PW) P(W)

P(c;|W) = (17)

Z O, FHL P(W) ERTOZ F 2BV CREE D720, & (18) ® L i
BWEATRE T4 5 [Domingos and Pazzani 1997] .

Wi

j=1

J

NB Z¥gelE, 7% A N OFEAFR LRFHEMFEMNLTH D LW I REL E X,
TXA DY T A~OFEMFEZFT 2 [Alpaydin 2014]. Z OfEIE, ML
RAE LT, 7 7 A &Rl B L OREFE L OB AEDHERITMN. TH 5 LIRE
ZTDHHDTHD. BLEDANLA—/LFAIZ BV TIL, “money” < “casino” &
WO T HEEIIFE—D7 F X MIIE LT, £72 ham A—/L X0V H spam
A =L BEI S d [Conway & White 2012] . L L7236, Z OEIL
£V NB &L n WOLORENT MvE 1 Wt DAL LTRED S Z &
AT [Dougherty 2013] , 7 /L= U X ADM S L & FHELRE O E A FEH LTV
% [Domingos & Pazzani 1997] . NB 1%, &b v v I N7 ERORAL T v« F v b
7 —7 [Friedman et al. 1997] & M5 Z L3 TX [Zhang 2004] , Fig. 4 X 972
WIS 2 0.

15



Figure 4. 7 A — 7 XA XD A

142 =2—FJ )Ly hU—7
1421 FER=a2—1

NN @& 725 7~#% 212, McCulloch & Pitts DTER==2—ua b %
[McCulloch & Pitts 1943]. A7 FEM O RIT, ==—nm 2 (FHIM) O
RESNTEERBA Y NT—7 THO , ENEND=a—n TV —~ (HRHaE)
ET VW) ERD. ZOoXy NT—21, =a—a UBlov T A0S
Lo THEIN VT T RIS b=a—a DT IV ERO=a—a DY
—< L OBIIFET D, 2 TCO=a—n IEME (threshold) -~ TkY, Z D
FRIEAZ B T-EXESN YT T ANEELINR, =2 —1 338K LIEE) % B
WMT 5. =a—urDAf A—V% Fig. 5 ITRT. JER=a—0 32 0RO
BEITMBEELEINTZHDT, i FEHO=a—va OMNES, w; & x I
DT T AORMEM, u ANEER, 6 ZREE Lok, =2—m D)
1R (19)-(21) DX oiIcEREND.

u= zn: Wi X; (19)

fa={{iu3g 20)
y=f (21)

16



—a—Ay

Figure 5. == —m > & Z ks

1422 ~v 7 DL

Hebb 1%, & 2 Ml oMifla 28K S E72kf, £ 0 ZS>DOMIdDOREE A 5
HEWHIEZDOL L, ~y 7 DOIEHI (Hebb's rule) Z42% L7 [Hebb 1949]. #Mja
A OT 7Y UMl B BT DO WEERECH Y, E-mE DR IR
LIEKLTET D, ZOR, FHTOMK, &25WITmEICE{NEL, Ml B %
FAKSELMPEO 1 S>E LTI A ORRPENT L. Wy 2==a—nr i &
—a—ny j OREGNE, x; & x5 F=a—nrOMNES, n 2FEEL L

g, ~v 7 OFEEANTA (22) TEREND.

AWU =n*Xx;x* Xj (22)

1423 X—% 7 o

= a—m I N T /L E LT, Rosenblatt O/ X—t 7~ 23 dh
% [Rosenblatt 1958]. /~—t 7 hr i, BX==z—a OFEHANZ~y 7T D%

FHiERZ AW 0T, S JEURFE, Sensory Layer), A JE(GESJE, Associative

17



Layer), R J&(1 /)&, Response Layer)/» OS5 3@DORy NU—7 Th D
[Rosenblatt 1958]. A )7 hL X = (xl,...,x|X|)T DIFEL, w; & x; IZxd 5
T T ADWEM ,wy BENNAT A, z I E LR, N—t 7 ha K
(23)-(24) DX oz NS.

%/
1= F() wixi +wo) @23)
i=1
(1 ifn=0
fn = {0 otherwise 24)

1424 ==2—I xRy NU—=7 LNy 7 7 ax
F—a v

NN (ZAHOMOBE ICitFE SNz /T AT XA THY, AJE, RV,
HiJE &M Ein 2 3 FEOE %2 F5> [Rumelhart et al. 1986]. Z D EIXZFNhZ
N1oLED ) — R8T, 32— %y NU—2U DA A—T% Fig. 6
RS ATED 7 — REUS, R 7 bvoRTeEIZELLS, HAOEo 2 — K
Bix, 77 2A0BIISCENT S, BRUBICEEND / — FOBIIMEETH 5.
m BOEEF> NN 350, k EEO j HFAD/ — R~OANZ xf, 20
J—RoMh%E yf, k-1 BHD i FHO —F0b kK EHO j FAO/ —
FAORERTEEZ w35, ) — FOEHEEE R Y AT 1 vy v 7%
A FE¥ L L7z, 4 — FOHDIEE (25)-(26) D Lo icksh .

yf = - (25)
1+e™
n
= D Wl 20

18



Hidden

Figure6. 3J@==—J /L%y hU—7

ZORE, HOED  — K yMm LEAE t; OREERMEE 2 FRRREEKE LS
B, AR E 13 Q27) oLoickIhD. § iRy NV =7 O E EiE
LDETHD.

1 o2 1 .

E=§Z}”-@ 2523@)2 (27)
CORERSK E 1, BEER LA E 08D 2 RICKHILTRELAY, Th
BT B LD ICREETE wi OEZEH LT DRy 7 T asy—y
a2 Ths [Werbos 1975]. FE R a Bb oW, FEAFE wS OE(LE

AwfTVE E, K (28) DL ICEAE SRS,

Awg; = —adfy(1 - yf )yl (28)

19



143 YR — T —<

PR— 7 Z—-~ > (Support Vector Machine, SVM) (%, /3 EICHIAH &
NAHKRFEE 7Y XL T D [Vapnik 1963]. SVM 1L, B ZefIFET D%
T ARG, vV R T OEFE AR LT S, Fig. 7 12 SVM DA A
— V&R

-V E
BALT S
BPE

HR—KRIZ—

Figure 7.SVM DA A —

“MED Y T AE®R y, € (1,1} BLOY, HAiT — 20 HELNT N IRICOFE
BT bV (X, Y1) e, (xn,yy) BHDHE, SYM X yi(w-x; +b) =1 Ziifi7-3
BPHBLY yyw-x;+b) =1 ZWT Y R—F_I X — x; ZBEATHZ L
EHWET D, ZNOHDOFR— "R X —F, 47 7 AT L8R ERE L
ZTNOLDOHMEITI~—Y L TEREIND. ZOY—I UL, EHRT ML
[Iw*|| Z&/MET DXk o 29) DX IHICFRE SN, ZDk a IFEEK " -
TRy bR, BEO @ HIFREE R

20



N

zN:Z a; a; (xl- . xj)yiyj (29)
i=1]

l\)Ir—\

N
W(a) = Z a; —

i=1

SVM OFHIBIEIE, X (30) DXL O ITROBND. 7, ZDOK b IE, NAT R
HTHD.

F(x;) = sign{w - x; — b} (30)

144 0P 27 ¢ v 7 Al

Y 2T 4 v 7 A (Logistic Regression, LR) (%, #EHHIEIRET /LD —FET
HY, NN —A AT IEEDS N B AZ1T 5 [Cox 1958]. LR [T~/LX—A
DANCHSE HeE m, T 1 2MAL, HeE 1-m 0 2HAT S [King &
Zeng 2001] . ¥ v; BNHDHWE, v RAT ¢ v 7 EUFIE, X (81)-32) DL HiTK
DHILD.

Y;~ Bernoulli(Y;|m;) (31)
1
T Tt e XiP 2

O, N —A S0 PYln) =1 -m) T LY, RT A =X
B=ob) ThHS.

145 S X L7+ 1L AR

Z v H N7 4 LA L (RandomForests, RF) 1%, Breiman (ZX > CERI =T
VU T NVEETIETH S [Breiman 2001]. RF IS & R0l H » H
WEBBAERL, TNOOZEARICE > T ZAOTFHELTS. ZOK, RF I
N EOWRERE, 77— A NI v FECLSTH TV 7L RERERRS

21



AT LD. RERE LTRSS\ HMD D FH &

5 o EAE %
hy (%), hy (%), oo, Ry (x) DEEHT — X DY > 7V o TIZHWDELENZ bV XY

N Lo, L FDO~—V BN ERIND.

mg(X,Y) = avl(h(X) =Y) — r]r,lia;( avi I (he (X) = j) (33)
FE DL O

ZIZTIC) R REETH Y, ~— P BEEITTHA S Y
BIZX T, 77 AW OHBAHEE T 5. ZOF, RF DK 1T TR (34) (I

Lo TROBNS.

E = Pyy(mg(X,Y) <0) (34)

15 =2 DRy LV ET — X7 HETTE
FiE

AEICIIEIT —Z DIRY, WRNZZEDOEN VP ETHLHGEITBIT 5, HiT

BOFILEEWHT S, 29 LIEFEOREN RO "=V T T

(over sampling), 7> % —#> 7 U > 7 (under sampling), data augumentaiton 7%

D, ZHEOFEIEWEEE T A A MDb TR RER LD TH S,

151 A—R_X"—HY 7Y T T o H—H 71

7
F—=R—=H Ty T T E =T Y 7 [Heetal 2008] I, T —#

DOMETET DLFETHY, A== TV T13H D7 T AT IS
SNTEENT =208, o7 T RJgT 57 —F L~DETH o6, €D
Bamed 2FETHDL. 05, 7o8—H TV 7%, 577 AT 0
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T ENTZBET— 20, D7 FZ AR THT7T—F EHAREETH-T25H,
DEDT = NO/ONTSMA~EMTET L2 FETHD. ZNFEOFIEIT. FE
DY TACHTDHA—R—=T 4T 47, BEOT v E—7 4 vT 4T %
STEDIZHNLNS.

1.5.2 Data Augumentation

Data Augumentation & (%, ZifiT — X ML SOMIEZINZ 5 Z & T, =D
T BREWMNSELFETHDL. —HE LT, BT —ZICKT 2 Data
Augumentation X, B[{ET — & O%A, BBEONIZEIT-720, A XOYEK - #
INEATH & T, T X EBOWMMERSLD. D0, 7—Z OREMIATEH D
JA XM, WMy OTF—2 %87 —2L L TIMA%Z & Dat
Augumentation DOEHIEEF % % [Tanner & Wong 1987].

1.6 G COMERK

AL TIE, AN OREAAL T A BB T 52 &k, DEND
RG22 T — Z BN PR EAT OB T EET VEREL, ARLA— /5
AT, RO BB A A7 T —F DAERRS AT OFHIIZ OV T O
AT O . AT 4 OOENOER I ND. K< H 2 BIZBW TR TE 2 ]
WTE AR A= VGRS~ DRANA T AD A, 5§ 3 BICTEET — X ¥
ATIZBT DRBINNA T ADWMAEAT ). B 2EDANARA—)VGHEHS ATITE
FRBEL LT, AL A—LOEOHN, I OZDEROENRZET HND.
IO, BENT =2 PDEOGEICBWNTY, LIV IEMICHOEAIT) 2N T
EOLFEORENEENTND., TOFEBDID, NB Z_X—R L LIZA/SAR
— NS FEERIC AN OFBEAAL T A ZWHL, PEPSRY O LT —F 05 Th
BN FEETHOETNERET D, £, TORMOT-0, BEAFOMEE T
LT Y RNEOWRERHEZ (1) #iT — 2 N0 ETH DG, (2) BT —4 M0
R TH %A, Q) #AiT — 4 WO BEL SR TH DHE D 3 DD FEER
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EDY ETITo72. 72, NBOBH AL T ADOMMFE~OBADOL 9 —>0D
T7u—FL LT, FIETIHERT —H &b LI, WK R BT
To. BT — X7 TA N —OBHARENS KRBT — 2 NFIZADIZL <,
FRRM - BEOT = RART VALK FIZADEBRLRN, 25 L2 e
B, ABFFETITRERO B - BRSO OCHLORS =a—F %y b D
—J\ZREAA T A& WAL, NIRRT =206 THENIFE AT ET IV
ARET D, FHAEIBNC, KoL X, fimz s
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FH2E ANLA—)NVPHI ATIIBIT DT A

— TS RDRRIN A T A

AREETIE, Loosely Symmetric (LS) &7 /L ORFEE ~DIGH E LT, 74 —7
NA X (NB)IC LS EF VEAFEEL, PEOHET — X205 THHRFEWFEHE 1T
) FIEERET D, ANLA—NGHEBEM L LIEEROMREZOBLELZEL
T, MEFIEOZ YL RT

2.1 U ®HIZ

ARSI A=) 1978 FEITHRANBLI S TLEE, A > Z—F v M OF R
(2> TEEIEIIICHEEIN L 7= [Pitsillidis et al. 2010]. A A —/L % X34 (Spam)
EWFFET D K DI o7eDiE 1993 £ A TH Y, ZOAFIIKEOHE, B
JFOEEOT L EFMICHKT S [Rao & Reiley 2012]. A /N A A — /L OFIIF %
BEIMENC 3 0, 2012 AEITIZRTD A —/LD 90% (ZdH 7D A —/LP A SAITIR
T 5 EW LN ENTZ [Rao & Reiley 2012]. A /S5 A —/UEZZ DO K S
Mo, 7T H ERIBEREOHKRRE PRSI TS [Kanaris et al. 2006]. %
7o, ANAA—VORBITITFESHRIL L TV, ZOERENTFEETETEmE-
TWB &L, BRIHOREEAISHE ST\ [Rao & Reiley 2012] . =9 L2 &
N, ANDRA =)L HBE TR RS 2 ENTE D AL A — LB O FEN
BANZATHIL T % [Rao & Reiley 2012, Androutsopoulos et al. 2000]. Fhk=235 12
KD ANRB A=V OBHIFI90FER T AN BATONTE Y, ZOEIMIEF A —
IV AN A =)Ly, NI A= )L DWT T TAT D ASAA— VR AT
EMEEINL TV D [Rao & Reiley 2012]. B E T LI, A/ NAA— /L NLA
—VEHET—4% L LT E %175 [Rao & Reiley 2012, Androutsopoulos et al.
2000, Conway and White 2012]. = DERICEEGT —# & LT I BT A —/LITiET
NPT RSN TWDREND 53, ZOEEITZL 086, FETITOhD
[Rao & Reiley 2012]). Z D7z, BT 2 T2 Z /S B X — )L BRI I XK [H R =
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A RDBDPLBEMICH L. 7o, BIREEOHETHHA SN D A/ NAA—La—
INR L, BIEDANEA—VORRIIIFER R D D, A/SRKRA— VS AT
ZEWTEOEOHWLNL ST — X &> M2, Ling-Spam == — /% &
[Androutsopoulos et al. 2000] & SpamAssassin = —/3Z [Mason 2003] 23& 5. =
NFED =/ SAREFLANL A=V OEFIEITHK 20-30% THDH. —HT, SHA
VHA—F v b ETRVERY ERD AL, 90% LU ERANRATHS, ZHOZ L
Mo, BLEIZBWTRVIRY SNd 7T —ZI%, s EOMRICHWbNL T —
Ay PO B RIBIZAHBETHLLEERD. £z, AL A—VOBREITHE 4
2L L CTE Y [Goodman et al. 2007] , FFEDHFED AL & FlE CE X2 72
LR, T ARBIREEMHSYE, SEGOHEEDY LT 7 =y 7 A HE
LCW5% [Eberhardt 2015]. Z 9 L7=Z b, R/ T — 2 b OEN 58,
WM RFFE DT D RDLUT BN T, WU R B EAT 5 AN LA — )LD
FARNEEND.

RETIE, ZOMBEORRO = N OBA AL T A EHA LT, #ifid 0 5%
B XD ANRD A= NI OREEIT O . EBRTIX, ERROMEOHBLOD,
VBN IRBEN T — 7 DB T E T T VICE R, YRR AT o 7.
FTo, LEDPOTRYERBET — Z P52 BRI TIZBNT, BEIAAL T A
WEDL DB EET NOFE MM T 200 %#HwmT 5. KAETRET S
FIEIZANAA—NGE OB Z5E LT DRTIEZR L, T LA AR ORI
R BB ICEANT 5 2 & T, EDPOARNIE R T — 2 b 0ENTFE %
FEHL, Tzl L THEEFEO AL VvoZEE 2N ET 5. KRETIE, A
FWOF> WML Z R DENLCFEEEBTLEVWIREDS &, IK
DVENPORY 2G0T — AN OENIZEE AT O NBET NVERET D, BETF
i, ANHOBHANALT ZAZ2HNWDLZ T, HErRAEISE2HE 2 ENE LW
WIUZBNTS, IO FMICERAMT T Z1T. H1ETHRNZL DI, AR
MRFHITFE, & 2 WITHERGRICEE D < Fik L I35 5 HIlr L E TR G W o BAFRIE
DR EIT D . ZOFIE LT [Tversky & Kahneman 1973] O#FZER S 0, AR
HAMENFELWEBEOEZRICHEEL Tb, FLRILITMBEDOEAFIT 21TV,
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FNERICERREEIT). 207, BEANAAS T AILT LHEOREZEL &
FRORWNE DD, [RENTEHRNDDOEBREICERT 5. ARICKITLHT
n—F%, BEFOEE T EET VN REET — 2 b DR micEa LT L
EOBGEAENMET S EAEEL LTEY, ZHUIANENELOWRETHE T4
HFOTDIZFILOEBRICHT D) Z & 2T EHICEAT2RATHD. DED,
B E 2 b & D NTHREDFIEN (7 =2 A ER »oFE 71—
LETEHT 2 DITx L, IREFIEITERO R~ S VHECxEFRE, A e
WXL, [T EEER & T —200G00 ko7 FR OWF%
FET D, ARWIE IR E LR OB OBLEIN G, K0 ARSIV
B & FE O E FIE A RET 5. ERAE RN D, BETT VIR T —
DO L ENRT AR E IR LT

22 A/NDHDA—)V55 BT HFRHSNA T A

REITIE, AHIOFBEANAL T 2T D RPN A T A LK EYEMME A T 2D,
AN A= VR DN, ARBA—VHEZ A7 12BN THZE < LK
EL, BRTFEETN~OEMEIT o7z, AL A=V, 72O “Casino” X°
“Slot” &\ 72 AN DL LUVWEEE (spam-likely words) % & ¢» [Conway & White
2012]. 22T p % "D A—NANRANRLL LWHEBAEATWDY, g & b5
A—JVEIANRATHDH” LRARTETDH. OB, JFREASAL T RE “b L A
— VWAL THIUL (q), ZDA—TANLL LWHEZEATWDS (p)

EWVIIERMND “HL LB AR ANRLL LWHEHEEEZEATHDDOTHIUL (p),
ZDA—IVIANRATHD (q) ZXHHHICELS Z N TE D, iz, HAEH
PENRA T RN “HELHA—ANANRADL LWEHFEZZATHRNOTHIUL (D),
ZDA—IINLTHD (@) ZHAHEMAIZES, FoHmEAIZIB N T
ARE CTlL [Edgington 1995] D %175, P(if pthenq) % SUF4F & 8w F
P(qlp) EZHELWHDERRT. ZNETOMENS, “bLb p 251E g TH
57 LW oOHEER L, ST E MR E O OBEMEN R ST E 72 [Over & Evans
2003, Over et al. 2007]. —5 C, Barrouillet & Gauffroy (%, & DRI FIZHBNTD
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7 P(if p then q) = P(q|p) M Wi’z 415 & L7z [Barrouillet & Gauffroy 2015]. L
M L7235, [Edgington 1995] (233175 P(if pthenq) & P(qlp) IFZHE LW ET
DEZNIAEDZ A7 ICBWTHRIE EEXbNS. BIZAE, “bLb A=
WAL THNIT (q), ZDA—MIANRLS LWHEEZEZA TS (p)” L)
HG L ST E TBER P (ZDOA— LI ARLS LWHEEZEATHS | =
DA—INFIANRLTH D) T EIND. O, A/NKA— VM A7 X
AKETOFEEZHGET 27200, RHLENTLT A MRy REEXD.

H 22 T
2.3 EETFE
ARETIE, AEORBEANAT 2B FEICFHA LIZET LV TH D loosely
symmetric naive Bayes (LSNB) 35 L O° enhanced LSNB (eLSNB) # 2% 5.

2.3.1 Loosely Symmetric Naive Bayes

FTHEROSD LS £7 /4% NB IZi@H L7- LSNB #BH% L7/ R 2R~T.
LSNB D A/RAA— VB FICBITHREHGZRE LT, 77 &2 ¢ BEOTFA B
OGO MVICEENDHEE wy eW DFET DI, ¢ & wy O
HEMHEED 2x2 HEFKE Table2 O L HITRT.

Table 2. Contingency table used in the LSNB model.

Wj Wj
C a b
3 c d

a=P(W]’|Ci) ﬂj:ﬁ ?X Ci 73”%%‘%% Wj ﬁ’%ﬁ?ﬁ”éﬂéﬁﬁ$f§b@, b=P(W]|Cl)
X o 2B wy BBIHISHARWERZET. 72, c=Pwe) 1377 X ¢ 1D
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w, BB SNAHETHY, d=P(w|a) 11 & 75 w BSOS
F3. LSNB 35 FE A 7 2 LR HHEMME S 7 2SN T, 2 (35)-(38) @
LD\ EH DREEAT .

a = P(wj|¢;) (35)
b =P(W|c;) (36)
c = P(wj|c,) (37)
¢ = P(wTf) @

ZLT, w D ¢ CBTBLER LS (CLo TEAF SN, NB IZHEVE
(39)-(41) DL HITEH SN D.

Ly bd
Ps(wjlc) = ord (39)
atbtarctprd
n
PisWle) = | [ Ps(wiler) (40)
j=1
Prs(c;ilW) = P(c)PLs(Wcy) (41)

Bl ziE, H LY “money” X° “casino” &Wo7-HFEN, ham 7 T ADT XA KK
DY spam 77 ADT FA DL EWHEE CTER S GE, ZNEORED
spam (B THTF A EEMENEWEEZOND. KET/ITZ ) LIZ%HE
W& ZE LIZET L THD. NB & LSNB OKREZ2EN L, LEDFHFEFIET

5. NBIZBWT, BE PWle) 13 P(wi|e) =— ORMEICL->TROLR
bd

. 5T, LSNB THAE PsWle) # Pis(wjle) = ——Eripr ORFIC L
a+c b+d

STRD, a,b,c,d DETOHEZE .
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2.3.2 Enhanced Loosely Symmetric Naive Bayes

WIZ LSNB #Ji3E L, HAGEE LG H [Kwan et al. 2002] % {15 L 7= eLSNB &
TFNERRT D, WilEEEFRII 20X 2ITRmEn, N(gnw) 13772 ¢
(TR HHEE w; 2 ELCEE, WD(gnw)) 137 T A ¢ IZBT2HE w; O
HEBLEHZ, 772 ¢ WRT22TORBOHIEEZ TH 72D THD
[Kwan et al. 2002].

N(c; nwj)
Kol N(ci nwe)

WD(c; nwy) = (42)

RETFNVOHMIL, 27 7 ABT 2 FFMOE 2 HEEEEE#RIC L - THIE
L, KOENIAL T APEEITH 2L THD. HIAITHEE w; 2 spam 7 T %
DB BBBEIZBR S, Z2B0D, ham 7 T ANLIIBIN S g2 56
HEE w; 13 spam 7 7 A LBROHLHEFETH D LHFH A HN 5. eLSNB £7 /L
ITHFEO MBI R L BB E THET 22 & T, J0@BnASLT 2251, 7
T AMOREDEZRELSTHZENARTH D & FHRIND. eLSNB ET /1T
BT o LB EOFREITA 43)-(46) D XS Tbivd. a—d 137 7 A L HEE
DOIEMHE |, HIEEEERENTEDEIZ LD TH D,

a = P(w;|c,)WD(c; nw;) (43)
b= P(Wlc)wD(cinw) (44)
¢ = Pwle) WD (@ nw) (45)
d = P(w]e) wb(ci 0 w) (46)

X (39)-(41) (TR L7 LSNB (Z361F 2 LEFHHE LR, w; O ¢ (2B 2 LHE
% LS ([T k> THEAM SN, K (47)-48) DXL HITFREIND.
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PasWle)) = | [ Pess(wyler) (47)
j=1

Peps(cilW) = P(c;)Pers(Wlc;) (48)

REET N THD LSNB ET /LB LW eLSNB ET/LICIE, 3 DORHENR H 5.
12HIE, LS ET VORI L VENTZ AT v A TREOEARL T EITH 2 &
&V, A XRKRINT — Z I FMITHISTTRER Z & Th DH. 20HIE NB 04
TINT HFARNDY T ASOFBHEROFHEIZZED 7 T AZET D N IRITTOFHE
X7 MERHOWNDLDOIZX L, IBETNVIEHDH I T AT XA NRBT DR E
SRS L0, BEORMASY MVERWSZ L THD. £ LT3 2HIX NB 4
IR ORFOFEDOM Y S L UBEE OE S 2R B 00, K 0 #7332 AT EE7R
ZEThD.

2.4 RSV BEDOHINT —F & Nz AR A
A — Lo B ER
2.4.1 FEERFRTE

AKEIORBRTIE, BFEONRENRFIETHY, ANLRA— VI A7 1N
ORI END NB, ==—F /L%y hU—2 (NN), 227 1 v 7 [AJ# (LR),
PR— Ry 2= (SYM), T X L7+ LA+ (RF) ZHEkI%E L, 12
ZETNVTh% LSNB & eLSNB %Nz 7zl 7 €7 V&M, 8 1 T3,
FEr 2 T2, FEB 3 T1HEOH 6 EMOEREIToT.

o FEER L 2 1T1E, ANRNLA—AGEIIBITOINEKRNRT—F Yy FTHD

SpamAssassin, Ling-Spam ¢ 2 M A —/L a2 —/R A ZF]H L 7=,

o ZZBR 3 ITIF, Ling-Spam = — /"2 DA EFIH LT

FBr 1 & 2 THIAH L7 SpamAssassin = — XA [Mason 2003] i, 1897 if M

spam A—/ /Lt 3900 D ham A —/)VZEGEH, T—/SAND spam A —/LOE|
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Al% 33% THDH. F£7=, Ling-Spam [Androutsopoulos et al. 2000, Androutsopoulos

2004] =—/XA (%, Linguist List [Androutsopoulos et al. 2000] 7>& i & iu7= 481

BO spam A—/L & 2412 D ham A —/NVEEH, T—/XAND spam A —

NOEIEIE 17% ThbH., EBRTIE, A—AARLTFOLFERLHE:FZ FFICRE SN,

A kv 7U— R [Salton 1989] 23HL Y fRiiLic/N— 2 TH D lemm N—2 =

YERWE, ANy T U= REE, KRBT 2R EEO T -4 Th 5.

Bl ZIE "at X "the" MR E L FE o HEEIT S T AR R L HH W H R THIT

THHDOTHD., 29I LA My T U—RIL, LESBORBRICEEL G 2720

728, SSFAOENIFHEAN 7 FAD B BR .

FROBIRE LT, FHANZ A — VRIS AFRRCB T2 0 Rz £,
Burstiness D@7 6, — B L 8L S 727 o T BEE & [AARICHR Y BTz,
Burstiness & (%, SCEEH CT—EEIN S - HEE L, FEBHI S 0T VW E Vv 9 Blg
T 5 [Katz 1996, Sarkar et al.2005]. Burstiness ™35 z 1%, 7= N NA/R A A —)L
IEZ A7 ZHERICE < & &3 [Schneider 2005], AEBRIZCBWTHEA L=, o
£V, XEONFZETHR LEATR, —E LB SR IR EIT 2
(B B2 I EHIWT L, R R BHIBR LT

KBS R AW ET T Y ZAD/RT A —FREE L IR,

* SVM DO —R/EIZIIXESBICT OO EINO T 0T I —F )V %
A, a XA RTA=2FT =1 &L LT,

* NN IZ3EDOZ7 +— K747 —F NN &R, {EMEBIEIT /8124
ZICHWLNL VU 7EA FEAEKE L, TRIBOEB LR v 7 Fida T
BERADRKS R, WEE 10 /— F, =R v 7% 100 A B &CHbr LaE Lz,

o F7m, ZOFERIMEHSFETHDID, LR T THe VAT 4 v 7 BlRairE
Ay, a=1 & L7,

e RF IV VU —0¥% 300 & L, [Breiman 2001] 2tV T F LY 745
BRI R I DR E LTz,

* NB, LSNB, eLSNB DR E & LT, HAERILS 7 A mITH —ITREL,
FHIERNDEITEE LXK DLz, 2F D P(spam) = 0.5, P(ham) =
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05 & L7

o FHEBFETTNDNA =T A= O@RIZIE, 7Y v RP—F 2470,
ROBWHREE 2T bDOEFRE LT,

o FEKSEEOFEIEICIE, FHLER (recall) [Alpaydin 2014] & HW\ =, &R MEICE
JARATEEE 50 Bl & L, 20¥HEMGE S L. £, spam 7 T A%
Bk, ham 7 T A%&atEE LTH-72. %277 7 DT T — " — | THERERE T
H5.

2.4.2 RGBT — 2 & VT2 28R 1

FEB 1 OHINE, BIREE T VOMRENASE T —ZICkoT, EDk S
WRBLZTHONEHETHZETHD. ZOFERTIE, 77 AMTT —ZI2E
DB LRI T T, spam HIBIPERE, ham HIBIMERER LY F-measure DLl %
1To 7. BT — % &2 spamham=1:1(spam =50%) O & & &
spam: ham = 3:5 (spam = 38%) D¥5E, spam:ham = 1:5 (spam = 17%) D
BO 3 FOFHL AT > 7=, AT — % 0%, EB, 1-1 Tl spam, ham T —#
1T 20 Z AT 240 EE TN Sz, FEBR 1-2 TIX spam 7 —# 1% 12 Z A4
T 240 fHE T, ham 7 —4 1% 20 AT 400 £ THEIMSEL. 7o, KR
1-3 TiE spam 7 —# % 4 LA T 240 fH £ T, ham 7 —F X 20 %74 T 1200
ff £ CHIME 7. KR 11, 12, 1.3 T, #HAT—20Eadx2TnEh
spam:ham = 1:1,spam: ham = 3:5,spam: ham = 1:5 THERF L, & FEBRFZE BT
D T LV OMERE A R LT

2.42.1 EB1-1 OfEFR & B

FH 1-1 @ SpamAssasin = — XA & W BED spam 3FEREE, ham S3HE
FEEEF LY F-measure % Fig. 8 (3)-(c) |2, Ling-Spam =— /SR % 7= BE D FBR
fER% Fig. 8 (d)-() (2R

FERAfR %8 U T, eLSNB, LSNB, NN ¥ X' RF /X spam #FIZHB N TEW
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PEEEZ Rt 7-. NB (338 A2 U T spam DMHEOGEN A EET, thosT 1L
Pl U TR MR L7z, £72 ham Z33HIZEWT, eLSNB, LSNB, NB 5 L OF
NN (IR AR 2 A7z, LR (3B Z 18 U T ham SEREN N EET, 2
T NHIRBIRWVEREZ R Lz, 2 OERICE W CHETT — 2 O KfEIT 500
K L VB TH -T2, 207D, BEHBET VITETNRHEO BT 2175 2
EMNEETZ T2 L ZZ BILD. Lo LA 5, eLSNB, LSNB, NN 35 KUY RF 14t
BN F-measure Offiz Rk L7-. £72, eLSNB & LSNB (X, spam Z3¥HD¥
BIVERE L ham SFOHBIWERBOM G2, Llpo72 NB LV bmbEL. 20
FERIZIBUNT, eLSNB |E F-measure DFERIZOVWTHR bEWGEZ R L, ZDOfh
FiE LS TR L OHEHEEERD, L0#E L LEOHEICEIRLIZEE 2
bihs.

BETIVIREEIT — Z O spam HRIERE & ham HIBIPERE D)
Z A, mUWKHED F-measure A7 Z/x L7, L L7en s, SVM & LR I
fild>ET /L & Hlg U TRV spam HIBIAAE & ham BRI Z R, Z0%E
BRIZ IS D AT — % O EIE 500 K CTH Y, T—H DRIV INEDE
TNOVERIKRICER T2 L BEZ BD. 2 EIEFRIIIC, LSNB & eLSNB
IR—=2Lpo7 NB L0 bR RICBWTEWIERELZ Y, 2710

i L ORGE & 7o 7z,

24272 FEBy1-2 ORER LEE

FEr 1-2 © SpamAssasin 2 — /X2 & W BED spam 3FEAREE, ham 53¥AE
K5 R LY F-measure % Fig. 9 (a)-(c) (2, Ling-Spam == —/% 2 Z W72 BR oD EBx
fEHR% Fig. 9 (d)-(f) IcEnEHRT.

ZOEBRIZEBIT D spam BT — X OEEF, B 1-1 TBIEAELIYD G
BNHDOD, BETIVICRERMERBZEITRZ T bnno7-. 21X NB, LSNB,
eLSNB, NN 1%, FBr 1 2FICB W LW E ¥ 7. —J T RF, LR, SVM I3,
spam SPEOHRIERE & ham SSFEOHBIMREOM T L — FA 72 /7. b
L= RE7 L, HD7 T AOREKERM LT 55T, 20O s 7 ZAD5;
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MR E IR T 584 TH 5 [Alpaydin 2014]. ZNEDET VI, FEr 1-1 O
R LT ham DERENRM L, spam SHREEIXKTF L. 20729, RF,
LR, SVM % spam #iliT — % OEIEOZAGIZ, MDET L & R %7
.

SVM, LR, RF @ F-measure DOffIZFERR 1-1 OFEFR LI LV KHEL 725 7-. RF
I D FEER & e E LV F-measure DEZ R L7 b DD, T —H DT o AT
DPHIE R R T, T OERRE TIIDBOEMT — % DB A& AV THER Y
TND == T AT o Tl FISEY R BT 2179 2 EANEETH
ST-AREMED & 5. —J5C, eLSNB, LSNB 3L T8 NN (X h L— KA 7 & R4,
EVVKYED spam SRS, ham 43K, F-measure & 1% 7-.

2423 FEBr1-3 OfEFR LB

FBR 1-3 @ SpamAssasin 2 — /X2 & HWBED spam 3FEREE, ham 53¥E
K& R LY F-measure % Fig. 10 (a)-(c) (2, Ling-Spam =t—/3Z & HWZEED%E
BiEE % Fig. 10 (d)-() l© 2 h2rond

SVM & RF 1% ham HREICBWTIEIE 100% OfEE R L, NN &
eLSNB 723 Z#uiZ#ev 7. SVM, RF, NN 1%, 38 1-1 L3926k 1-2 &t~ ham
BIEGRE M L7z, —77, SYM, RF, LR @ spam #HKE XM OET L LV HIK
VWKHER IR L, F£72, SVM, RF 3L NN (35 1-1 &38R 12 OffFR L
spam FEREENMET L.

SVM & RFIIEVKREZ ML —RFA 72 RETZ. ZNO6DOET VIXEIT —
A WD BEDEBEIZEBN TS, 100% (23T ham HIBIRGEZ A7z, LLRnd s
SVM & RF @ spam HIRIEARIZIEF IRV KHEL o, ZO2FET LD
spam HRIEGRIZEEN T — Z O E-> THOFTm E L7200, o5
TTIVOREFEIIIRIE R -T2, £72, NN TR 11 L% 12 Tl hL—FR
7% RERPoTbDOD, ZOFEERTIE spam HIBIAKE WA L, ham HI5
B2 ) b L7z
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Figures 8. The results of Exp. 1-1. The error bars indicate the standard errors.
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Figures 9. The results of Exp. 1-2. The error bars indicate the standard errors.
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Figures 10. The results of Exp. 1-3. The error bars indicate the standard errors.
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NB (X hLb— A 7% FBET, @V ham HHIKEZ R LB DD, spam 5]
BRI O ET L & A_RRVKEEICH E o7z, — 07, IREFIETHD LSNB &
eLSNB [IX—R & 72 57= NB OMEgEZ M EL, LV &V spam HIBIRGE % ~7
LTI LIZ. &5H1T, RF LR, SYM O F L— R4 713, EB 12 OfEHR &
ARPER U7z F72, NN LSRR 1-1, 56k 12 CTikBllllshierofz bb— R4 7
% W7z, —7J7,eLSNB, LSNB, NB |ZfLDETFT LD X 570 FL— A7 % a7,
spam SHEIZBWTEWEBEZ /R L7z, EB 1 128V T, NB, LSNB BXL W
eLSNB [T #ifi 7 — & DAL /2 RBUCB N T Y, N — RA 72 RERD o7,
Fio, IBETIETHD eLSNB & LSNBIE, TDHDET V72572 NB LD b
ENTMREZ A7z, 20 Z &5 eLSNB & LSNB 13 & o R 7 — & )
SEEFEOREET VLD bLELZFEH T, DET =206 OERFHE &L
9, ANEDO XS P RN 2 —EDORMET TRE. EH 1 OFRRICHNT,
LSNB & eLSNB (& h L — RAZ7Z AT, NB LV bENMERELZ LY, kb
=V F-measure % R7z.

243 T— X EE/VENOEEME LIz BT —
2 % W= 528k 2

TR 2 TIE, FADI ZANLDT =2 &EVbENPOETEEL, ) —FHDY
T AN DT — X EOIHEEN LB O BIIMERE D e 21T > 7=, spam 2T
— A EEME U ham BT — 2 A NS E5ERE, ham HAiT— %
BaEEME L spam BT — 2 BAEMSE 5RO 2F 21T o7, FEHR 2-1
Tl spam Hfifi7— % 100 H25 WL 25 OVWTHNETRY , ham 7 —
I3 20 #7AT 240 fHE THMS 7. F2BR 2-2 TiX, FEBr 2-1 LT, ham #
fi 7T — 2 B EEMEE L, spam T — 2 B a NS 72, ham BT — 25
DWDHEE spam AT — 2 HOHEMEIL, FEh 2-1 CEETH D, #l 2
spam ZfliT — 4% B4 50 ([CEHE L, ham #EHT—% &% 20 05 40 A AT
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240 ETHWIMSBIHE, BT — 2 BEORKKMHEIL 290 £720, spam & ham
MoOT—XEDET 190 L7205, FEBr 2 1ZDEPDO A= R ERO I %2 H
2B DB MRED LA H I TH 5.

2431 FEBr2-1 ORER L EL

ZDOEEBRTIX spam HENT — 2 EEEME L, ham AT — 2 50D 7%
&7z, LB 2-1 O spam A7 —# %% 100 ([Z[EE L, SpamAssasin =—
NRAZRWBED spam 53FEFEE, ham 53 JEREE S L OV F-measure % Fig. 11
(@)-(c) (2, Ling-Spam =—/ 3R % W= BE0 EBFER % Fig. 11 (d)-(f) o2z
NoRd. £72, spam T — X %% 25 (ZEE L, SpamAssasin =t —/3 A & U
TeBED spam 3B, ham BEREE IS LY F-measure % Fig. 12 (a)-(c) (2,
Ling-Spam =—/ 82 % AW RO EBER %2 Fig. 12 (d)-(f) IcZhEhrd.

spam AT — X ¥c% 100 [ZEE L7 EBRERICBWT, £ TOET AN
ham RS %2, EA@ L T EFEE7. —J5, NN, LR, RF, SVM (Z#ifiT —
Z DB T D220 T, spam DFREMME T Lz, 2070, ZAb0
SRRE T VIR R BN T — SRS 2 i A A, ham T — 2 KX
Db spam BT — ZED B R D IRRILFIZEWN T, PEREAME T L7z, BT
—H DT AP TG E, ST T VTR LT XD @b R EA L
UNRAEETH D, L Lens, ZOFEBRICBITD2REOSMmIL, FEFITRYM
ICRESN TV, 207D, BIfFOBMKTFEEETT LV THSH NN, LR, RF BL T
SVM 3RSk LTI 22 AT 23 CTE S, ham BT — X B OB AL - 72
spam SERSEDOIK T A RAE7-. —75, LSNB & eLSNB % spam #¥EK5EE, ham
SERHREOWTIHETES, KkbEyV F-measure 2R L7z,

spam AT —# 8% 25 (\ZEE L7 ERERIZIBWT, RF, SVM, NN 1L, X
DEVY ham DEEREEEZ AT L LAaRD, 2UHONMEET ML spam 5y
HIZBWT, MR L7z, FRIZ, SYM IZFEFICEVKEED ham S3EREE %
RAE7-—T, spam SHEREIIETT VTR BIEN->7-. £72, NN, RF BX O
LR i SVM L7 hb— RA T ERE. #EET VOV L OTHD LSNB
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b FE, B L TIEBH SN o o ARH T — 2Tk 28 A 7.
LSNB (I VKHED ham HHEREZ R LI OO, T —% O%n3ind s
IZONT, spam DEREENMET Lz, —J T, NB & eLSNB (Zi1ZZ D XL 9 72
MIERZ T bR hotc, ZTDZ &M D, LSNB IIFME A 7 2 & A A PEfhE
NA T ADPEIZRIL LT3, DTN T A0 & BANRHR e $ &7
REMED B D, FEBR 1 CIIENT G E R b D0, R T — 22t 5 —F#
OBEIESBL S 72, eLSNB 1% LSNB O L 572 b L— A7 & e, &%
FIORTEH BA spam SYHRSE L ham SHEFE %2 RA7-. £7-, F-measure
DFERITINT eLSNB 135 R Ok &7~ L7z,

2432 FEBy2-2 OpER LEE

ZOEBRTIE ham BT — 2 BEEEMLE L, spam HENT — 2 8D 7% 1
&7z, ham ZE7T —Z 8% 100 HHVE 25 OWTNEZIY, spam T
— X% 20 ZAHT 240 EE THIMSEZ., 0w, Eir 2-1 L iTx R,
spam HEHT— X BI3FERZ B U CTHEINT 2 0I12x L, ham #hiiT — % 81X
ETHDH. ham Hfi7T — % &N ham = 100 O SpamAssasin = —/X A % 7
BRD spam KSR, ham BRI L OV F-measure % Fig. 13 (a)-(c) (2,
Ling-Spam =1 — 32 % W BROFERFE R % Fig. 13 (d)-() (cEhZivusd. £
7=, ham #EhT — % $c% 25 ([Z[EE L, SpamAssasin = — /N R & W 2B D
spam SYSEKSEEE, ham S3y¥ENEFER KON F-measure % Fig. 14 (a)-(c) (2, Ling-Spam
a— /2% WO IR R % Fig. 14 (d)-(f) [ZEnEivrT

ham T — % %% 100 \[ZEE L ERERICBWNT, 2 TOET AN
spam YRS &, BT — 2 BOBIMI D ER/ SE 72—, NN, SVM, LR,
RF 1335 2@ U T ham HDBRBEMET L2, 2OZ L6, ZRHDONEE
TATFERR 2-1 O XS AT — 21Tk D BBk & R

$£72, ham HAIT — 2 %A 25 \ZEE L 72 FEBGR R IZIH WL TIE, eLSNB &
NB (I ham ZHEICBWTENT- AR Z R L7, NN, SVM, LR, RF 1Z%EH 1 B X
OEER 2-1 TIELELTEY ham DBRELZRETHZb0O0, ZOERTIE
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AR LTz, £, 2O—HTINLDOHHET VITE S EVIKED spam
GBI AR LTz
T 2-1 LFEBR 22 IZBIFAT X OEGIIRHTHD. 2D, KR
IZBITAHEETND spam HFEREE L, EBR 22 [ZBIT5KET /LD ham
VBRI KAE L Te oo, 20 X5 AT T — Z 3R B AT Y spam
BT —4 & ham HET —4 & THEATRWED, BllllsivenetEz o0
5. Bz, IRIZ spam 7 T AZBT DT —F D ham 7 T RABTHT —H &
DS HENEHETH -2 BE, EBR 2-1 TO spam HERE & EB 22 TO
ham S3EREEEITIERIFRE 225133 CTH 5.
2 < OFFET DR T — & O, W NZT — & 540 B REM 78 DI
S THAEDPME T L, RO A IS 2 8UBIE A R 7o, EE 1 & =B 2 TR
SNT=X 91T, SYM, LR, RF, NN [ZZHTT — 2 ORIGITKRE R85 7-. NB
DO R L — KA Z 3B S e o2 b 00, T ORGEIItOET L L It
~NER LT, 7, MEFEOOLESTH S LSNB 1F, £ 2 (I2B VT ham 4y
FERGEE D ) B L7 — 5T, spam SDREREMK T2 b L— R4 7% B, 8%
NA T ADFENHAEOM EIZEN S oT-. — T eLSNB I[ZiZED X 9 /e
BUBME B ST, BAEE BE I WS RO AT ek 2 S & (el 5 5 DIC |
MLz EBEZbND. EB L, EB 2 ORI, 2 TOZRMFIZE VT eLSNB
b EVIKEED F-measure 2R L7-. 2D Z L5, eLSNB [E3R51/3 14 T A L
HEREEERE AV, DEDOREWRBETT — 2 b0, B8 2 FEBLL
7z,

25 10 BE| 7 g a1 F— g T LD EERGE
HBLER

ZOEBRTIE 10 HEI 7 g AR F— g 02 L AR T L OMEREL
W a1To72. ZOFEROBAIL, FEX7 "MLORL 2Nz 52 THY, &
EFTIVOMEREN FFED 2 oD ERE R, PO LI T I EMEELT-. il
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D 2 HODERFE, ZOEBRICEWNTOHRT -2 &2/ &L Lz, DE0, Zbh
T —X1X spam,ham THNENT —X Ly FD 10% [ZH=5% L L, EVITT
ARNT =L Lz, £, REORICWEBORHEEZIT 7= SUM
(weight-initialized), ¥ X OA—/ X—H 27U > 7 (over sampling), 7 > % —H
7Y 2 (under sampling) Z#H¥ L7~ LR & RF Z LSz 7-.
Ling-Spam ==— 32 & M\ = 10 387 0 2R F— g BT A0 8RE &
Table 3 (Z/”¥. AFEBRFIRIL 10 BUTOVHTH S,

RO DEMRE 2 A ME, LSNB 13 NB @ 1.08 {50 CPU H§fH], eLSNB I
NB @ 1.31 f%®» CPU Fffi] TH - 7.

NB & LSNB (IFi\v spam HIBIEAE 2 B, ham HFREEITN 073 Lo
72. LSNB & NB &b~ spam ham W7 QKR ER M EL, L0 &En
F-measure % W72, F£72, eLSNB & NN 7o KHEDORAE L 720, # 0.8 D
spam HIBIEAE, BELOK 09 O ham SEKEE L 7c>7-. ZD3EERT eLSNB
I3 bV F-measure O A 27 % R, NN 2AZ UK 72, SVM 137 B O 9
BEEESTDHZ LT, spam HFREENK 0.6 7 L, ham SEFE X 015
KF L7, SYM @ F-measure DA 27 I EOYMEORELHE L= D &%
ITRVHD LT, ZEh 0793 & 0257 L7220, KigZRENAONT. —F
T LR & RF FH 7V raEhLiztkd, RERMEEOE(LITRZT bh
7RinoTz.

BEAF OB B TR L, REFIEIFZIELHRITE T —2 0 —fil%
Fig. 15 \Z/RT. ZDOA—/LX ham (2T SNUAHTF ENTZA—LTHDLMN, <O
R E T TR - T spam A— L THD EDELIZDICH LT, #ETE
[ZIELL ham EHBILE. ZOA =1 X512, BHEORERSe, 208 ICHEY
LZNED ham A —WI%, BEAFOTE FIEDL N, i85 T spam A—/L &
B LT,

— T, MEFEPDBEITKIL, BEFOMMTE TITIELCHBITE T —
2 Ol % Fig. 16 \Z/RT. 2O A —/LE spam (27 NUAHT SN A=V THD
DB, EFIETR ST ham A=A THLERFELEL. ZOA—LD LD IT,
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spam ©H LWHEGENSTHITHATE L WA, ETFIEE spam & IEXBR72WVEE
BUICIBFNCEAMT LT LED Z &0, BEETIEH L OB ST,

Table 3. 10 43E| 7 1 AN F—3 g3 BT B 0¥

e

(Ling-Spam =t—/3\X).

Spam Classification | Ham Classification
Model F-measure
Acc Acc
NB 0.926 0.733 0.844
LSNB 0.979 0.738 0.874
eLSNB 0.854 0.911 0.879
NN 0.809 0.955 0.873
SVM 0.148 1.0 0.257
SVM
. 0.753 0.854 0.793
(weight-initialized)

LR 0.321 0.990 0.482
LR (resampled) 0.320 0.990 0.481
RF 0.377 0.999 0.547
RF (resampled) 0.387 0.999 0.558

2.6 REFIEOFMAMEICET 554

AREITIE, EO XS ZBERECHSNT, BMEFEIFRCHHIC@H onEE
ST 5. MEFET LR SHEHOERICEWNTENZHEEL R L, 202 &
MB, ZDOZEMND, BEFIEITRAEAN D Ot FRiE & A APt S Bl S D
a0, TOWTNFHFRBHI SN 2HEICHBWT, FicENRE =T L
TR EI D, Fig. 17 (a)-(b)IZ, SpamAssassin 2— XA ZEBIFH poq & q-p O
BItRZ R P ORRITHE wy OSMERL, BlliIs 72 ¢ (BT LH
R ow; DTSR, HEENIHEEE w, DAXEPICEENDE, TOXLED 7 T A7)
c; THHWELREFKT. Fig. 17 (@) X P(W|Spam) & P(Spam|W) DPREF%, Fig. 17
(b) X P(W|Ham) & P(Ham|W) Z_7. b LHHFEDOHSA E 7 T A TR
PED 7= SR, 77 ZI3eBIBEfR & 72 5. Fig. 17 (2R T X 512, Spam B X
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O Ham 7 T AD A =)L A5 L IVIZRFHEO AL, ARl snsd. £72,
Fig. 18 (a)-(b) (= SpamAssassin =— /XA ZKITD p—>q & p—q DEKRERT.

ZOTIE P(W|Spam) & Ham 7 T AIZBIT5H W OIEHBMESR P(W|Ham),
BLO PW|Ham) & Spam 7 7 AZBiF5D W OIEHEIHER P(W|Spam) O
Bz TRt 207771280 Th, b LLHEE 7 7 AR CTHAED
PEDNI 7 S AU, 77 713 IRtk & 72 5. Fig. 18 23 T, SpamAssassin =
— /XA BITFRVAH AHAE I IBIN S N d o T, RBEFIETEEN T — 2 105 F
NHXMPMEZ, LS BT V2 AVWTIEL, HEM oMW EIb 2T B2 5
No. e, 2O b, BEFEITFE & AP IEO )T TIER<, £0
I DORPED NG ThH, BN FEEITO T LRSIk,

F7-, LSNB DOJR4FRTdH 2D eLSNB (T HFEH FEH A FV Tt o BIR M %
D, poq & gop, BEW® g-op & p—q OBAMRYE [Ohmuraetal. 2012] %
BAT DI LT, [N T 2 LAY A T ZHHEZMATZEEZ D
ns.

27 FH2EDE LD

AFETIE LSNB I8 LT eLSNB Z12ZE L, A/NLGHHZ X 71281 53 %/3
AT ADH ML, EBREB L ORLEZ. ERICBWT, #ilid 0 BT LI
B2 DEIED spam AT —X% & ham AT — X % 5 2, TOMEELKEZIT
-7z,

1 128V T NN, SVM, LR, RF (%, R DA xtd 5 — RO % 7,
H, BRRICKREREEBNAE T NB I — RAT72RED 2 L3R o72b
DD, % ORAE I O E T A O TIHEVKHEZ 572, —J5T LSNB
& eLSNB (X NB OMREA KigEIZm L&, 2T VHREDOKEL D
F-measure DA 7 %R L7-.

EBR 2 1BV TIE, DEPOANR—ARBOHET — ¥ & AV TZBRO&FE
T VORI AT 72, ZOREFR, NB & eLSNB % [R< 2T T NERE
WUThL—RAE7&2REZ. £72, spam T — % S5 LT KA &
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ham ZENT — 2 D245 LR & OIS, FERFMEIIFE L R o7 &
FEz bbb, ZOEBRT, SVM, LR, RF, NN (I R¥#T — Z TR E 21T -
—J7, NB T hL—RFT7EAELZ L1Teholcb DD, ZORHEITIR K HE

IZdH -7, IZ F-measure OFERICBWTCIEEWKETHT-HDOD, KL —
NA7%HAE7. LSNB & N — RA 7 & RAE7. — T eLSNB 7»HIiL hL—
RATZNRZT 5T, FEBrZE L TEVKAED F-measure DA 27 ZR LTz,

F7z, FEB 3 OFFEART PANOW L E 2 M A TZER T, SVM [TFTEDA]
WHEORE & i34 Z & T, F-measure 23 KIEIZ EL7-. LR, RF [ZH% 7V 7
ZIRE LI b OO, RERFEOEITAZIT Hh7r7»- 7. NB, LSNB, eLSNB,
NN (35 b EVKHED F-measure 278 L, 11 CH eLSNB & bENTHEE % A
B,

RRETNVIE, DPEDPORY DHLT—FNODANLA =)V E A TIZE
WT, BEFOBIMRTEET VR, J0ENMERE R, Fr, BEFIED
VDL DOTdH D LSNB TR AT R FRIE & 2 VTR A PEE D W3 40 20 03 B
SNRHICHERICM 2 &R L, FEDIRERTHD eLSNB [FFEE1I/ 1 7 A
&, TR THEREEFRAZFIH L, R A 7 R LB A 7 2
IZHERDHEEMZ T, BBEFIRIIDBEDDAR—ART — 2L+ 78 %
119 L9, ARITEWEE 2 —E DS TF Tk L7-.
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Figures 11. The results of Exp. 2-1. Error bars indicate the standard error.
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Figures 12. The results of Exp. 2-2. Error bars indicate the standard error.
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Figures 13. The results of Exp. 2-3. Error bars indicate the standard error.
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Subject: avail for review : phonology , semantics , dong , interpreting

the books listed below are in the linguist office and now available for review .

if you are interested in reviewing a book ( or leading a discussion of the book ) ;

please contact our book review editor , andrew carnie , at : carnie @ linguistlist . org please
include in your request message a brief statement about your research interests , background ,
affiliation and other information that might be valuable to help us select a suitable reviewer .
please do not simply provide a url for an electronic cv or web page .

these will be ignored .

phonology pier marco bertinetto , livio gaeta , georgijetchev & david michaels (eds ) , certamen
phonologicum iii .

papers from the third cortona phonology meeting , april 1996 .

torino , rosenberg & sellier 1997 , pp . 291, price lit. 63 . 000 ( approximately us $ 37) .

isbn 88-7011 - 717 -0.

semantics pier marco bertinetto , il dominio tempo-aspettuale . demarcazioni , intersezioni ,
contrasti . torino , rosenberg & sellier 1997 , pp 252 , price lit 48 . 000 isbn 887011726x
(‘approximately us $ 25 . 50 ) contents - introduzione i .

demarcazioni - aspect vs . actionality - statives , progressives , habituals - the progressive as a '
partialization ' operator ii .

intersezioni - neutralizations and interactions in temporal-aspectual categories - metafore
tempo-aspettuali - | * interazione tra azionalita e aspetto nella perifrasi ' continua " iii .

contrasti - le strutture tempo-aspettuali dell ' italiano e dell " inglese - le perifrasi abituali in italiano
e in inglese - | ' espressione della ' progressivita / continuita ' : un confronto tripolare ( editor 's
note : the reviewer of this book must be fluent in both italian and english ) .

dong language long yaohong and zheng guogiao ( translated by d . n . geary ) ( 1998 ) the dong
langauge in guizhou province china . sil / u texas austin . interpreting / translation harris , brian
(compiler) (1997 ) translation and interpreting schools .

language international world directory .

john benjamins : amsterdam .

Figure 15. BEAZ ORI E 130 IR L, SRR FIEITIE L < HIRIT & 72451
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Subject: scitech international , inc . - your resource for scientific , engineering and technical

software

hello , welcome to scitech international , your source for more than 2 , 000 of the most popular and
some of the most obscure tools for scientific , engineering , education , and technical computing .
if you wish to be removed from this list , please let us know immediately . we would be happy to
do so . whether you ' re interested in astronomy or zoology , we can almost guarantee that you ' Il
find at least one tool that will satisfy your needs . please check out our web site : http : / / www .
scitechint . com you can browse our web site and do full text keyword searches of all the
information in our product database . some products can be purchased online . we have over 100
different downloadable demos on our site to help you to make the right choice for your
applications . if you can't find a product - or if you find the choice overwhelming - be sure to drop
us an e-mail to info @ scitechint . com , or pick up the phone (7 :00amto 6:00 pmu.s. central
time ) and call our technical sales department for help at 1. 773 . 486 . 9191 ( international ) or 1.
888 . 462 . 6232 ( domestic ) . we ' re not trying to win any awards for the most fun or exciting
web site . what we are trying to do is to build the ultimate database information about the best
scientific and engineering software products available , and keep it up-to - date . if you are a
scientist , engineer , or educator , be sure to bookmark the scitech internet catalog today . one final
word about scitech . we do n't write software or manufacture hardware - service is our product .
our goal , plain and simple , is to get you the right product , quickly , at the best price . best
regards , christian staudinger senior product manager scitech international , inc . phone : 773-486

9191 /ext . 252 web : http : // www . scitechint . com

Figure 16. $2Z= FEMNHAICKRALL, BEFOMIREE TIXIE L <HBITE 7241
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Figures 17. Symmetric relationships represented in an email corpus.
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3 E ERET — 2S5 AT ICBITTA= 2 —
Gy NT— 27 ~DIBEHISNA T A D A

KRBT, RFRMEAA T A LGN A 7 A2 HA L7 NN DRREZAT
VY, BEENANA T ADBLEN D~y 7 DIER] [Hebb 1949] #8425, NN X2 D
FBALIOK, Bkx 722 2 712 S 4, %< OIRAEET V03B 417 [LeCun et al.
2015]. = ®—4iiZ, Dropout [Hinton et al. 2012, Srivastava et al. 2014] <° Batch
Normalization [loffe & Szegedy 2015] 3%V, ZHHED FEIXTEE LFROXLED
SIS AT IZBWTENTMREZ RETE. Ll b, ZThED NN~
IRAE LT FiEE, SO O@E e, ~y 7 OIERNS, EORERLWH D0
MZOWT, EimORHN S 5. il 21X, Dropout 1 ZAEWFDOT AT TIZfiFE S
TH Y [Goodfellow et al. 2014], EMTEE T OEFSRIREZITH 2 & T, AfFRE
(SR L TR &2 TRV E S ICHEISERT DL LTS, L LRRb, 2
D LIV AT AN 2 WA DIGPISAAET D 2O Tidakam O RIS
5. Fiz, NN OIREFIEC LV ERER L&, O~ &l S & 21213
Rz 3D L E A, NN OFEOLITDL LA, BMOFEE LITE-72< B
HREEZFFODTILARW & W $5Hi23 8 % [Lake et al. 2015a, Lake et al. 2015b].
Z T, ARETIEIOME L O~y 7 OB O BB EIRZ#E X5, [[IRFC
FOVENTZFEHENZFS NN O %17V, Dropout [Hinton et al. 2012,
Srivastava et al. 2014, Hinton et al. 2015] 3 & % Batch Normalization [loffe &
Szegedy 2015] Zi#EH L7 NN & OPERELES 21T > 7. ARFETIL, NN OFEHIC
Ex oD, BT —Z O5S A7 28T 2 ERRER, WL DBERE

BUT, REFEOZLSEE T,

3.1 L DI

I EET A O THRICER SN FETH Y, ZOFMTE=
2 —nr  [McCulloch & Pitts 1943] <°>/~—%& 7 k= . [Rosenblatt 1958] (Zifi %
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N—t 7 b rrDREHLOK, ZOFEEDOM EDOOEZBOFIERERS NI
[Hopfield 1982, Ackley et al. 1985, LeCun et al. 1998, Werbos 1975, Hinton et al. 2006,
Hinton & Salakhutdinov 2006, LeCun et al. 2015]. 5D/ N\—t 7 F o HIRAE
L7ZFIER, HRODEREA R 27 I8 TEREEREZZE T TE
[Marcano-Cedeno et al. 2011, Han et al. 2017]. L22L72n 5, EREOFEDOEL 1
FHERFIZZEDNDONT VZADORWERNT — & 202 & L [Mitchell 1997], 7
DB UMEIE LRV A, HERENMK T 9% [Japkowicz & Stephen 2002]. NN 35
KOZDOIREETT NV aH D 1= 0I2iE, &8k, K= 2 R332 OHBLR T
b5, T LIEWRDOMRDT=D, T —Z BV B LRV TS @V IHERE 2 15
515 NN T4 & LT, Dropout [Hinton et al. 2012, Srivastava et al. 2014, Hinton
et al. 2015] &R 7z, Dropout 1%, *y N —ZND /) — R&—EDERT
MR 95 F{5 T 5. Dropout 1%, NN @ overfitting 3 & O} underfitting %[5 < =
ENARETHDELT, TNETTEDOMEE 2T TE 7= [Goodfellow et al.
2016]. 72, ZOFEFHENT — &% OB D EOHAIZENTEH, NN O
MREZ M ESEDZ ENTE . L LAY, Dropout 132G T — &% O AR
DETHLIGE, TOAIENMEL 72D Z EHEHIN TS [Srivastava et al.
2014, Goodfellow et al. 2016]. % 7=, Dropout |%/3F > A D B WEEliT — & 2345
ICAFTET B 56, 47 Lo MR RICEBRT 230 Tik7e < [Swietojanski et al.
2014], Le LAMEREME T L CLE A3 H %5 [Gal & Ghahramani 2016]. = 9 L
722 &5, Dropout [TELEGHI D DT — X 06 OFEIIZEHRT 208, T —X
MR THLEES, MOBTHL5E, TCOFEMILLARLETHLLE L
%.
ARFETIEE, NN AZEBEASA T AEZEAT L LT, #HT —F DB ETH 5
BRI TH L HEITBNTY, BWERER ST L— AU — 7 2 RET 5.

2 ET R_7= I I , PR A TX%_)Q% LKT}EW%QQ%TWH, DR
s 7o BT — 2 D L0 ENT-FEE2IT9 B 205, NN IZ LS #EAL

T-HEETIEX, Dropout & [AER /) — REVEGD 5 Z L ARECTH Y, HIZFEER
MG LT, TNHE2EIE 2 SE5 LN TE S, ZOFEL, ~v 7 OIEH|
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[Hebb 1949] %3851/34 7 ZD@EMN D, LV EHEIC NN CTHET 3R TH 5.
Ny T OERNZEBNWT, HhH=a—a UNENICHET 2 =2 —r 20 R L
FRSETHE, M D=a—0  OWIZRO/NENER - FET 5. £z, 2%
D=z2—nr DR T—EDOWIMIEKNRIAE LR o> e E, WROENR D I35 F
HESNTWD, ZDs, ~y 7 OiEANE

() “blb=az—nry x N=a—bmr y ZRAKEEED, =a—812 x O

Za—nY y ~OBNRY PR - FBiET D

(i) “bLlb=a—nmry x Noa—ar y ZRKIERDPSTH, =a—1 v

X D=a—u y ~OBENY|IFHED”
EWVI) 2ODFEHRLE L THMINTES., ZNHEOFRDO S L (i) 1IN T A
& LCRETE, (il) ITMHAPE NS4 7 AL LTRIATES. KA p 2“=a—
By ox PRWVEREEST”, iR q 2=a—nmr y BEKLIERT L
T2, ZORE, JIBEASA T RF b Lb=a—rYy x BDIBVMEEEZ XD
X (p), ==2—uv v y BHEKTD (@ EWVIFEEML “blb=a—nr y
MIEK LI BIE (q), ==2—r Yy x PRWVMEEEZEST (p)” ZXFRIZE
ZENTED. F, HAHHLMEASS T AT b Lb=a—r Yy x BEVMESTE
ELRNPoTERBIE, (p), =a2—8vr y IFFA LR (q)7 ZMHAYLAYICE
~y 7 OEANE, NN 07 L—2A T =7 NTRRICHI SN TWD DD, EFo
HRERIL R 0~y T OERIOBEERIZE LW O & B 2 5. IREFIEITRFRIEN
A7 AL EPMIEANA T 2 Z AT~y TOEAIOFEZ1T, 2 O
FVENTEFEICEHRT D LIUET D, KAETIE, BIRT—FONEZ A
ZREMIC, R TFIEE NN, SVM, RF, Dropout, Batch Normalization O 1P:REELES %17
olc. TNFEOBMSEE FIEZ B ZITRAZEEE, £ NN [JREFED
N—=2TH Y, WHOFNEE LT 572 DIZHV . SYM & RF I3HEEE O
REFEOZL2TETHY, Znbg s L, £72, #KLFEIT Dropout &80
BlEMEZ R D, ZOFEITEEIT —F B EOK, Xy NI =712/ A4 A& 5%
% Z & overfitting 3 XY underfitting 2 B4 &, SFREEOK T2 T LN T
& %. Batch Normalization (£ NN OH[BIMEREZ M W 5 bR 72 FEOOE
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SOTH Y, £EFEE Batch Normalization (21, SR RFIZAJE D A TIITHFZR 72 ML
Bz To v, @oF u ANRFET D, BREFIE & BAAFOEMTFE Fik L
OMEREIRICER T — & &2 AW H T, 20X 27 S8 O 33123800 T
FAEMEENTERZIL L, tOEL DX 27 LFEE, @mVHIBIEREEZ G5 7290,
SEOHAIT — 2 2 ELT5H2 L THD [Weiss & Provost 2003]. L LR,
HBADBET —Z R EOEFT — 21X, 774N — R EOEB MO L&
DT —H ZFIZAND Z ENEE LY [Hrovat et al. 2014]. = D7z, D EDEWRT
—Z L EWVHBIMREEZ S DD NN O 7 L—A T —27 OFEBIL, FEFICEHEE
ThorLEZBND. RETIL LS £7 /0% NN ([Z#EH L, D@&h >Rl
BT — 206 b RE L TFEEIT ) FIEEIRET 5.

3.2 Dropout Neural Networks

Dropout 1%, NN O EAULZEFT S FIEOOLESTH Y, VAW HEE TENT-K
BaRTREE LTHER STV [Hinton et al. 2012, Srivastava et al. 2014].
Dropout (%, == —Z7 /X v hU—7 OB, PRIEEIZIATED /) — K
R, —EDMER TERT S

Hidden

Figure 19. Dropout Z##H L7 =2a—F LRy hU—7,
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Fig. 19 |Z Dropout # i L7= NN DK% =9 Dropout L7z ./ — ROFFOfE, 1
KOZED /) = FIpbOFEEMEIZ 0 LY, 74T — RFFEEICHE ANy 7 7 aR
= a BB LRV, Dropout 975 == —1 OERIL, FEEIIThL
%. 2%, Dropout ZHWr=a—F %y hT—21%, FHREIRRDBIRO R v
U — 27 2\ 2175 [Hinton et al. 2012, Srivastava et al. 2014]. Z D Z L
5 Dropout 1%, HEDET VEMAEDED Z LT, YULREEZMZ 5 FIETH
%H/3F 7 (Bagging) [Breiman 1996] SLl7=FiETH L LB X BND. NF LT
3, FEOBRICEEOET V2N EE L, 7 A hOBRIZIIATT L OLHIR
2 &> THIBIEAT 9. Dropout I, /SF 7% NN O7 L —ATU—7 | ZEALT-
FiELF &, FEHFFEIRYy NU—JND /) — & T X LIPS, R
HRy NU— I iEEE W TEE %217 5 [Goodfellow et al. 2014]. = OfHfE A
2k 0, F—2lzxt LT NN 2ii#a9 % 2 L &B5< [Dahl et al. 2013]. 7=,
Dropout [ZZffiT — % ODEMNR STV DHEEZ, ¥ricF i@ L ahTnd
[Hinton et al. 2012, Dahl et al. 2013, Srivastava et al. 2014].

3.3 Batch Normalization

N FIEHIME (Batch Normalization, BN) (£ NN O E 2R+ 25 FETH Y,
KEDOAS %X (49) O XL D ICEANET S [loffe & Szegedy 2015].

% _ E(x(9)
Var[x(®)]

x(®) = (49)

2T a® BEBSOANTHY, E(x®) & WVark®] drneh =,y
FIZET D/ — FOVHE L EHERFATH S [Gitman & Ginsburg 2017]. I =3
v FEEE LN, T 2oV T TSN OT— 2 R, A
HEOEHH %179 F1ETH S [Goodfellow et al. 2014]. BN ® HHD O & DI
internal covariate shift [loffe & Szegedy 2015] & MEIN D BLGZRET D Z LITH D,
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ZOBRL, Ry b T =7 DIEWOSAIC, NTA—FERPEEEE2D L
T BIAE 77X y RO, omT Pylx) 2FET 5. b LBME
LA T ZMEDOEHIZ L > T P(x) DHEBICERESNDBEE, P(y|lx) Ot
EFEEL, *y hU—27 OB PREL 72D [Arpit et al. 2016]. Z DHRZ[LH <
72, BN 138D AT D LIEHER AL S SIZIEAMEL, Ry P U —27 DHE
HOMHE I AFE T, £7- Dropout DMLEMEZ FIFHZENTEHLE LT
% [loffe & Szegedy 2015].

3.4 Loosely Symmetric Neural Networks

AWML CTITER & D LS E7 /L% NN (2 L, Loosely Symmetric Neural
Networks (LSNN) ZBH%& L7=. #22E7 /L CThHd LSNN EFT /L TlE, KED / —
FOHNEZ LS 7T NV ZHEVIHEZIT 9. LSNN (L LSNB & 5\ BE M 2 Ff
H, LSNB A EEDOFHEFEIC LS ZFHT5 XL 512, LSNN X/ — ROEALEE LS
EEo THET D EFIEL, ZOMEZ2T7 4TV —FEHE ANy 7T —
T a v DSz, HHNIZONTRNICBWTETTE D, ZOMMARE,
D=z —a LB SN D RHEE LToOxFME [Reigl et al. 2004], 8 A HEMME
[Sommer & Wurtz 2000] (2 H L TWa., ABORBEIZE N TBHIS LA AT

AN, ma—n VB THBNENS ZLICERBLTWS, =a—n 2Bt 5
KFEEL X, "=a—wr y BRKL, TRICHEET 2 =a—1 2 x $F KT D
EWOHEHPMED Z ETH D, £z, —a—n BT AMAER MM ST Y = a—

By ox DKL bIE, TNICEET S =a—vr x bELIHEALR
W WD Z L TH D, THHFEOEBRIT “blb=a—mr x BFEK
L7 blE, ZRUCHET 2 =a2—ua > y KT 5H” L) FLNG, FE
INA T RAEFBEPEMAE AN T ZAEHNTELS Z LN TS, KR TR L
LSNN iF, == —r BTl LD 2o OEN e REERE LS €7 v %
FICHBLT 5. LSNN (ZRFRME AN A 7 R S AEHEE A 7 RIS, K
(50)-(54) D & H 2/ — RO IMEOFHEEELT S
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a= yik_l (50)

b=1- _’yik_l (51)
c=1- x}‘ (52)
d= x}‘ (53)
bd
a+0
LSEY) = T (54)
atbtorctprd

2T ald k-1 EHEHDO/—FK yF EHETHY, D — ROFEEES
ERTIEETHD. b 1D/ — FOFEELEAEZRTHBIETHD. £z, ¢ d
Xk BRO/ —F xf OFEEMCEES, BLIOEEIELEETHD. O
LSNN X/ —F yf' &/ —F xf oM THRRA#REZITS. bLb, /—F
YEU B = xf IEEERED, xf PEMAL L2, LSNN 1E ylt 1 3iE
fbiz TEER L7z SHEE L, LSOF ™) ik yF ! ko b R&EWEEH LTS, —7,
HLb /=Ryt B —F 2 KEEERY, xf BIEML LD A,
LSNN (X y¥1 % [§HWEE a2 h+s=a—nr ) FEHEEL, LSOFY 1
yEL X0 b SWEERH AT S, £, HAMEOEHRIIX (55) O L HITE
HEnsd.

Aswiy M = —edfyF(1 -y )LSOE™ (55)
J— R yftt & — R xf BOMAHEOELR Aw/T X LS BFVICHK

DEEERIND. ZOEFEIT FIEE LT
(i) 7+ T —RFFEEZITW kK BEO/ — ROEZRD L.

(i)LS ETNVZHEIT k-1 BHOD ) — FOROEOFEZTT S .
(i) Ny 7 T aRF =2 g L OBRIT (i) TEELE — FERAn5.
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EWVWIOTINEERD. ZOEHROEMOOL DL, /—F yk1 N0 D85S
Th, of OREICL> THHAWENEHSND L THS. 1 BORLER
(28) O— &2 7 4 — R 74T —F NN Oy 7 7ar—y g T, ykt
D BIEN 0 OFE, TOMEMEDOENLRE Awl™ & 0 25, —5T
LSNN (%, I ¥t 23 0 ZIDHBETH, IROBD/ — F yf BFA LY
A, yE BRI TERR L) &5 X, MAMEDOTEH 21T 5. Dropout & LSNN
DR E 72, Dropout N7 o Z A2 ) — REZDOFEEMELY 0 I[CEXHZD
DIZxF L, LSNN (38 & @ OARTEN D, IFRMEANA T 2 LA B PRt S A 7 X %
) — RO AEITH Z & THD. LSNN % Dropout F7225E)  BLhUE, i
Dropout L72 ./ — ROEIEHATV, L0 FERMIIS Ui E21T 5.

35 VEOHMMT —ZICLAHERT—FDOHEE
3.5.1 EBERE

NN, SVM, RF, Dropout % M\ 7= NN (Drop-NN), Batch Normalization % f\ 7z
NN (NN-BN) t42ZEE5 /L LSNN OF 6 5 /L2 Hv, LA Ao B
(Benign) - M (Malignant) D3 DR R A bl LT, ERT — F IXEHFET — ¥
ST FA A7 T O WS LD Wisconsin Breast Cancer Database
(https://archive.ics.uci.edu/ml/datasets/breast+cancer+wisconsin+(original)) % v 7.
Wisconsin Breast Cancer Database (% 458 > 7 /L™ Benign (Ef) 7 —% & 241
F 7@ Malignant GEME) 7 — % Dt 699 Y SNV DT —H B E R, TNE
NT =2 _X—2AfKD 655%, 34.5% Z L 5. £, %7 — ¥ OFHEEIL 10
EcThHv, £7—2D ID 72 /3—Th 5 Sample code number LIS DK,
1~10 DA D . SRIOFBR TIIRAT —FNEEND 17T 7B KO
BoOOE>THSH Sample code number Z HFTIZELY R, Z D7z, EERIZH
W= TF— 2 ORHERIT 682 o 7L TH Y, BT 9 A TH 5. Wisconsin
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Breast Cancer Database Di¥iflll{5# % Table 4 (27”7
S BITHNEHE T AT Y ZLDINT A — 2 FE 2 UL TIORT.

* NN, Drop-NN, NN-BN, LSNN OO ERIE 1 EE L, EE ek 7
A RBEEE L. ZOBRE LT, SEHAWET =21y ORI 9 #
ThY, Fl-AYET — 2 %W o 729, w7 overfitting % B4 <7 f@HIT
3L L, v7EA FEEIZ, EASBICHEBEIIHONLTZORM L.

e F/, hMED — FEUX 30 fEE LT

e Drop-NN [ZHHED /) — K% 50% OMERCTHEGET 5L HI>RE LT

* NN-BN &I =y FHL, HFERTHEM LLEMT — 2 RO EN D, F
B 4 Tl 32, FEHR 5 TIE 3, FEER 6,7 TiX 16 & L7, THEOHEIEI
=y F¥E 3,6, 10, 16, 32, 64 ITHELI-H T, LBV E o720
DEEATE. Fiz, & NN L 100 =R > 7 FF &7 72,

e SVM IZiEx A v v T v hh—%nArEHW, 2 XA MXRXT A — XX
C=0.1,gamma=0.1 & L7=.RF IV VU —0%% 5 L L, ZOffix 3,5, 10,
0 ICHRELTEPT, HOLEWEE L -T2 b DA EALE. 703U XAD
NG A =B ITEEEBIORITOL &, KRB LRDLDERAT.

o HHRiT— & 0L, EBR 4 [ZFW\T Benign=150, Malignant=150 & L, Bk
5 TiX Benign=6, Malignant=6, 5% 6 <TIi% Benign=150, Malignant=6, %
7 TIZ Benign=6, Malignant=150 & L, 4 FEEOFEEBRZIT\V, HAiT —X DV
T AHEOFNEGN GG 2 5B EaTAE L. DEV, FER 4 TIIHKHZE
BNONT U ADRWHANT — 4, FEER 5 TP ENONT U ZADRWEH
i — &, EBR 6,7 TII R8T — % 2 M-,

e TANT—HXOEUT, #£FEHE D Benign=50, Malignant=50 ®Ff 100 7 —#
Thd.

o YERSEEOFEEIZIE, FHLER (recall) [Alpaydin 2014] Z W7z, & 5&FICE
T HERATEENE 50 Bl &L, £V A S Lz, £/, Malignant 7 7 %
% Bk, Benign 7 7 A& [EMEE LT~ 7=,
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Table 4. Wisconsin Breast Cancer dataset @ 3£

. TRV e s
wa | 7| TR T# A P 22
‘ ¥) | fWZ | (benign) L (malignant) | (malignant)
(benign)
Clump
) 444 | 2.82 2.96 1.67 7.19 2.44
thickness
Uniformity
. 3.15 | 3.07 1.30 0.86 6.58 2.72
of cell size
Uniformity
of cell 322 | 299 1.41 0.96 6.56 2.57
shape
Marginal
) 2.83 | 2.86 1.37 0.92 5.59 3.20
adhesion
Single
epithelial | 3.23 | 2.22 2.11 0.88 5.33 2.44
cell size
Bare
. 3.22 | 215 2.41 1.22 4.71 2.66
nuclei
Bland
. | 345 | 245 2.08 1.06 5.97 2.28
chromatin
Normal
. | 287 | 3.05 1.26 0.95 5.86 3.35
nucleoli
Mitoses | 1.60 | 1.73 1.07 0.51 2.60 2.56

3.5.2 EBRHIR & HE

AREOEBRTIX, BT — X OEGE 434 —UFEL, FETNVOFEOE
bz bz L=, FBR 4,56,7 O AFEOFEF %, Table 5-8 (2”7

EER 4 TiIE, ERAFEDO O L, KRLEENONT U ADRBWERIT — 5 2 A
7=, Z DB TIL, F-measure D FIZ33U T, LSNN, Drop-NN, NN-BN, SVM, NN,
RF DIEE & 72 -7-. Z DO, NN-BN & SVM DF-masureDfiE XA L Tdh - 7=,
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Table 5. The results of experiment 1.

Malignant Benign F-measure
NN 0.928 0.952 0.939
SVM 0.994 0.929 0.963
RF 0.767 0.882 0.814
Drop-NN 0.979 0.953 0.966
NN-BN 0.955 0.972 0.963
LSNN 0.995 0.941 0.969

Table 6. The results of experiment 2.

Malignant Benign F-measure
NN 0.823 0.912 0.861
SVM 0.797 0.970 0.872
RF 0.556 0.793 0.631
Drop-NN 0.820 0.947 0.876
NN-BN 0.808 0.960 0.868
LSNN 0.977 0.946 0.962

Table 7. The results of experiment 3.

Malignant Benign F-measure
NN 0.363 0.993 0.530
SVM 0.527 0.994 0.688
RF 0.170 0.962 0.281
Drop-NN 0.820 0.949 0.877
NN-BN 0.312 0.998 0.459
LSNN 0.997 0.901 0.951




Table 8. The results of experiment 4.

Malignant Benign F-measure
NN 0.998 0.827 0.919
SVM 1.0 0.473 0.791
RF 0.949 0.316 0.721
Drop-NN 0.996 0.678 0.859
NN-BN 1.0 0.511 0.813
LSNN 0.996 0.886 0.944

LSNN % Malignant 2338 O s BB W TIFEIE 100 % ICIFWVWEE & 2 0,
Benign WHEICEB T H =7 —FIIMN 5 % ICEFV, 27T AR ED
F-measure OfEZ 7R L7C,

Drop-NN (X% & vy Benign 0O~ L, £7om/AKHED Malignant 43
B ORAEZ < L7z, Drop-NN @ F-measure OfFIIeTT /L% 2 HH LR -7,

NN-BN (% Drop-NN [FIEE, @/KkK# D Benign 43#E, Malignant 2348 O i%fs % 7=~
L, F-measure OfERIIETTLH 3 HHE o7,

NN (FZIEFITEVY Benign FEDRAEZ R~ L, €O T —3[X 5% Kl & 72>
72t O ®, Malignant 73O RkAE & F-measure (3> NN E7 /L & Ik &
7ol

F£72, SVM [T LSNN & {7 K¥ED AR A 7~ L, Benign 735 & Malignant 735
DO FIZBNTEmWEEL B, NN-BN LREIT< 3 FHIZE VY F-measure OfE
R LTz

RF @ Benign 4y % K5 & 1% 88%, Malignant 4y X8 K5 1L 77%, 81%
F-measure DA a7 &7poehy, ZAFEDOMHEIIMOET V& HARTHERAREL 725
7z

LSNN (3 R Malignant 733885 %2~ L, F72 Benign 27 JEAEEI1LERR 4
ETRIER, R 5% O=T—RITEE T,

FBR 5 TiX, EBR 4 L ARKEIZD R WEETT — % # W= Do, LSNN
TIERIE 2 AR T IR T Havie s> 72, LSNN (34 T BO T — & )
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b, XVEYICHAEMEOEH 21TV, b\ F-measure DIEAZRL7CLF R
.

Drop-NN 3 LSNN & [F/K#ED Benign /¥R % HA7- & o @, Malignant 57
ARG PE LR 4 OFER L b~ 15% {XF L7=. Drop-NN @ F-measure O A& =7
IXER 4 OAaT7IZ~BA L2, Drop-NN (F% >y 8T —27 O A XE/hEL
T HZLICLY, VET L0 FHIZLVE LIEE~E B LT EE
ZHiD.

NN-BN (IDrop-NN & {7 K#ED#E 3 L OME R % R, £ Malignant 554
FEREITFERR 4 LT 15% 2 L7=. Drop-NN & NN- BN (%, #ffiT—% o0
HIRRIC X v, Bl-Em 024517 7-. [Loffe & Szegedy 2015] TR SN 7= X 9
iz, b ET =L OEANBIZEEI LT B 2 55, [Gitman & Ginsburg 2006]
X Batch Normalization (/3 TNV EDOLGE, FIHIZHE L TV &3 503,
EBR 5 1BV TNy T4 3 O NN-BN (TN 2R Lz,

F72, NN (X Drop-NN & {Ll7zplig 2~ L7223, =@ Benign Rk X% E &
FEIZHDTH-7=. NN [TEER 5 (ZBWT, EB 4 LT Benign 0 fEk
FEAY 0.04 B L, Malignant Z3%EF5 1% 0.1, F-measure ™ A =27 (% 0.08 J#d L
72.Drop-NN & NN OPEREZEIZFEER 5 128 W T, i 4 oz L H/hE< 2
ST, 2O LG, Dropout OFHEITER 5 12BN T/hEL< 720, Z VX HEED
T=HBOWDITERTLEEZOND.

SVM (o> 5 SO EE T L L3 A 2= L, Benign 2y JE RS B AN
R 4 OB O LM E LSOO, Malignant 23388 I3 RHE 2R L=, RF
I% Benign 43¥URG L, Malignant 43R5, F-measure A7 O THRFER 4 O b
DEY WA LT

F 1% Benign Z%EK5E, Malignant 4y %EF5E, F-measure D2 THNER 4 O
DRV A LTz

SVM & RF OEFEDHA L, NN 38 X NZDYREET /VICE T 5 A& DR
FVbREVWHEDTHST

NN, Drop-NN, NN-BN, LSNN %, SVM < RF 1 ¥ DGO T % Ra7e5-
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72. NN BEXOZDOIREET ML, VET PO LVERE L FEEI T2 &
EZHI,SVM R° RF L0 bENT-RiEZ R LT

ETFIETHS LSNN IRy NI =7 OV A XS oA 2 A L TE
D, /J—REEHTLZL, BRI/ —FE2EESELZENARETHD. 20
AR NV ET —Z D OENTZFEICEIR L, BEOmICE LRy hT—7
BELBETE LB LND.

FEBR 6 1ZBWVT, LSNN ZFR< 2EMEE T 7 L8, oo 3 SDOFREER L ik
L CEV Benign 20k 2 R-7-. —J7C LSNN @ Malignant 2385 134
ETAHRETHY, ZOKEIL 4 SOERT, KbEOEIEE -7

F 72, Drop-NN (338 4 OFEFR L L TH K& 2RI RZ T b
3, EBR 5 L FKMEDORME L o7z,

NN-BN (3% 6 (2B W\ ThH bV Benign 208K 4 7R L7228, Malignant
SYFENEEIX RS 4 LT 064 B L, FEBR 5 LT 050 &, KIERIET
Z HA72. NN-BN @O F-measure OfEid £ Kigeb# g, €7 1% 4 &
HORAE & T o7z,

NN 1358 4 & %EBr 5 LI, KIEIC Benign /8RR B L, —F
T Malignant 23363 L O F-measure k& <K FL72. NN & NN-BN (IR
B 70 T — 2 L0 5 DAV RHE A D BBV A Z T, T2 DT R
(9 2 Bl A AT

SVM b [REEIC, FEBR 4 L FEBR 5 &~ Malignant 2R EMNMEFL, —F
T Benign /FEREEEIL 100 % 1ZIEL, 2ET AR LENSTZ. L LR
SVM @ F-measure A =7 (%, by 4 LEBR 5 TR Lokl & b TRk
Tholz.

NN & [AEE, NN-BN, SVM, RF |55 4 L5285 5 & bb-X, Benign 0 JEREE N
Kz m B L7z s oo, Malignant 738 FEEEIFRE L7, £72, RF @ F-measure
DAATEIRET VR BERNE D Lo FER 6 OFRERIZIHBWNT, Kk 7H
DRFEW 2 TFETH S NN, SYM, RF (TFEBR 4, B 5 OfER LB LT
Benign /3RS % 1) b S 7= —J7, Malignant 23 8ERE £ 2K F &H72. NN-BN %
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F e AR T — Z kT D IRONELEE A R, @E O NN & TR S EfE & 72 o
72. F72, Drop-NN ([ZIZRE 2ERIK T IERZ T oo b oo, 0L %
BR 4 BLOER 5 OfR LT DL, BBEMET Lz, — I TIREFIETH
% LSNN [ZIEhOET LD X5 I RERMERIR TIXAZ T 60T, KbEW
F-measure DA 7 &R LTz,

FEBr 6 TlX, AT —ZIZRWY B %A TOMRELELZ SEHE L, Malignant
DEEHT — % DI Z b THH & L7z, NN, SVM, RF [ZIEH I2E V> Benign 4348
K & AR 72 —757C, Malignant HBI BRE I RBEIZ )82 L7 NN, SVM, RF (3 &V
T — X N EIZIFE LTZ Benign 7 — X OSFIZBWTEWEREZ A, Z0Off
RiTA— =T 1 v T 47 [Alpaydin 2014] 12 L5 HDIEEE 2 H5.

NN-BN & £7z, ERofisE OMREM R TFIEL R Bm 2 R, BN 1Z4%
i 7 — 2 Z WTRBUC B WD TIAE AR HS < L&F 2 515 . NN-BN O
5= RNy FIZBITDEED ) — RO ATMEIZHKAFT 5 [Salimans et al. 2016].
ZDOZENDH, NNBN ZANT—FPNAR—RZ oz Z Ik 5 E(x®) &

Var[x(®] OFBAZHERIZ LV, S PIZ25@ internal covariate shift 23384
L, /= FOATEDIEFULIZKIE LI LB A LN,

Drop-NN & LSNN (21X Malignant H5IMRE & Benign HIBIMERE & O TR &
72T RZ T 5T, Drop-NN (£ 322 Malignant HIBIEGRE2ME T L= 6 00,
WET e b EWERE A2 7R L7=. Dropout |28\ — € DRERT /) — K&k
S, e L3y NU—7 2N TEE A ED S, —5 T LSNN [Tx > b
U — 7 OFEWR AL, ) — RO & 1EIEZ1T 5. LSNN X, Dropout XV %
S OICFEM IRy U — 7 HEEORE T, KB E R LT

EBR 7 IZBWT, 1 F LA L OB E TFED, EBR 6 LTI E VKD
Malignant 43 3EHEE &, IRV KHED Benign M E 2~ L7, 326k 6 L £ 7
ORI THW-T —Z ORI TH Y, TR 7 OFEFIZHB VT, LSNN # 5
SETOBMSEET VORI ER 6 LA L RoT.

LSNN (I Benign /37¥ERSE N FEER 4 L~ 0.06 FA 7228, Z OKIEIM O
Bt £ 7 LV ORGE & ES, KIRIZ/hE o7z, £72, LSNN & Malignant 53
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JHIZBWTIZIE 100 % ([CirWalkkE 2~ L7z, FEB 7 (28105 LSNN O
F-measure DEIFIEFIZEVKIEICH D, FHR 4-6 OFFR LR L TH K& 04
DI,

—7J7C, LSNN &R U< NN OJR4ERTH S Drop-NN 1% Benign 53 %a M
KRIEIART L, 4 DOEBRO T TR HLWEE L 2> 7. £72, Drop-NN @
Benign /2 EREE R LU F-measure 1 NN OffifE L v b3 L Ao 72,

NN-BN & [Al#%, Drop-NN & F 7= R 727 — & AR5t 3 2 Sk 2 925k 7
DFERIZIB VTR NN-BN 1 100 % @ Malignant K2R L7z OO,
Benign 3 JEREEE I LERHOIRVVKIEIZEE 0, NN B X2 DOIREET L O Tl
B HARWEE & 72 > 7=, — 5T NN [V Malignant I BIMEGE, Benign #5114
BEZ i, Drop-NN <> NN-BN LY & &\ F-measure D A7 &~ L7-. £/, 4
SDOEER%E T T, NN (X Drop-NN < NN-BN o X 9 72 Benign HIBI1ERE DK
TRAZT bR T,

SVM % Malignant 43JEI23 T 100% OFEE & BA7273, Benign 43 ¥E0 ik
IERIEICIE T L7, £72, B 46 128V T, SYM @ Benign 48R 1T 0.9
LEEIERIZE P ST b DD, ER 7 IZBW TR T /R o7,

RF % SVM, NN-BN, Drop-NN & [FlER DA 4 .4, Malignant 7380k £ 25 m)
L, [FIFEZ Benign Z7MEREEEDS A 1 L7z, EBR 6 (SR DREH & I36FRAYIZ, NN,
NN-BN, SVM, RF 1% Benign 3% 45 PE1C, Malignant /3 3EK5 4 17 L X5
fER L 7o ole. ZOMMITER 4-6 TLE LTZAEZ R LTV, Drop-NN 725
LR S, 528k 6, FER 7 TEI S 72 X 912, NN, SVM, RF, NN-BN,
Drop-NN [ZZiliT — # NARBE R EAICB O TE b L — KA 70N E L. —F
T LSNN (X NN DIRAEETZALOHFTHE— FL— FATRRZIT T, RV D
b DT — BN X RE LI E(TH Z LI LT,

4 FEOFERZH LT, LSNN (IR T — 2 12t 2 8iiEa RET, £724
TOERIZBWT, &bl F-measure DA a7 Rk L7T-.

FEER 7 TIX, EBR 6 L IIFRIC Benign DT — X O E RO THORELE L
7-. Table 7, 8 29" T L )12, IZEETOETANFER 6 LER 7 & O THH
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7k a R Lz, 2F Y, < OETT /LB T Malignant 5828 E L,
—J57C Benign Z¥EFEEIIMK T L7=. Dropout (X NN D REHT — % 56 D%
EARHET D FIETH D, EB 7 12HBVT Benign /8RS OIRKRA RAZT 5
7z, Table 8 23/~x9 & 912, Drop-NN @ F-measure D A 27 [ 3i#H O NN K0 4
T LA T-. Z OFERN S, Dropout O REIMT — X2k DAL, i
DERMNG D L #E 25, BEFAFFEIZE VLT, Dropout (T35 & SCF Mg O/ FE ¥
AR, THXANGEAAZIZBEWTHMEMZ R L CX7 [Dahl et al. 2013,
Srivastava et al. 2014]. ZHFHED X A 7 IZEBIT HFHE~ 27 A OWRTLHEIT 100 H
DM 1000 A D, — T, AREOERTHNW T —Zty b lFohd
K7 b owoei 9 [EMTh 5. EERFE RN, Dropout OF HMEIL, R
NI BABIEFITERRITTOEEIS, LVMSFEHSND BT H. £/, Table 4
IR L2 & 912, Malignant 7 —Z 1236817 2EDOZE BT Benign 7 —XIZk175 %
DEVHREL, ZNUTEY T =R EFET D500 L0 KL 7o 72 FTRENE
Nd 5. £7-, Dropout (FDVBEDHENT — 2 b OFEOMREICERT 5 & S
T % [Hinton et al. 2012, Sun et al. 2016] & ®®, [Goodfellow et al. 2016] i<
Dropout (3D BEDOHAIT — % FTIE, TOARAMEIT/ NS R LTWE. F
7=, [Zhang et al. 2015] D#FZETix Dropout 14372 & DH T — & N5 2 Hiiz
BE, TOFRAMEME T T 25 L #HiE L TWb. Dropout [Z4FE DS T Tldde L
AR LI D FREMEDN B V), KFEDFER 7 ([ZB W TEOHB MR ST

7o, KB 6 LFEBR T OFERICEVT, NN-BN b FE72 NN % a2 il s fd
7o FRICHEER 7 OFERIZEHE VT, NN-BN @ Benign 2EREIT 0.4 BLERD L,
NN BLT LSNB LV b RIFICIENb D & o 7o, EER 6 OffR & R,
NN-BN (X R 70 7 — Z DA IRV EE L 2, FHEFIZZHO internal
covariate shift [Loffe & Szegedy 2015] 23 %4 L7 F 2 5415, NN-BN & £ 724
BT — 2 kb D LA R, 2 OMEREIZEE O NN Zie LA Flal 565
Ligofc. —J5T LSNN IZIFE D &L 5 @iEiT AT bhd, 4 SOEERET
IZBWTHRE O F-measure DA =7 Z7x L7z, LSNN [T &> Bfiiie 7 — 4
MBDOFE LV BLET, 2 ®IZHEITDH LSNB Ll LWZEEZ RE7-. ZnEo
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REFIEITFERZ PN/ LNTME LS ZHWTHEL, DaEiroRY
Wrie 7 — 205, WO Z R LT,

3.6 MEFIEOAHMEICEY 5%

AHEITIE, BEFIETHD LSNN O E, I5LTY LSNN 23 8D L 9 ek
EIZBWT, FRCAERICE 1 E2EBET 5. 3L EOEN KIS NN I,
BRIE B AT RE 7 R ERR E BBV B LD . NN OBFSE Clibiu b, #IE5
Bl R AT RE 72 RN B DREMI 72 1 DI XOR (exclusive or) A ® 5. XOR [3F
WL TURMETHDL L OO NN OFEOMM & LT, REMESNTE
7z [Werbos 1975]. A&iTix, IREFIEOHRILHBERATRE/2 MBI T 56 A%
EEY L=, XOR [EIZEIT D NN, Drop-NN, LSNN Offi& 2 &8 L7=. A
@ — FEix 2 8, BREo  — i 5 |, HhEo — FEux 1 fEE L,
EMHEALBEEIT Y 74 R E LT, £72, Xy NV —ZJ DOREIEEBREL,
Drop-NN 23 F1ffE D / — R4 R 5L 10% & L7, SR 7EEE 500 [H]
&Ll BET VT DR EOHHIEIL, FATHICFE—0b D% vz,

Fig. 20 (a)-(c) |2, %/ — ROFEAMEOME AR T, Fig. 20 () (X585 THED
NN OFEAHTEDfE, Fig. 20 (b) X Drop-NN OfE&fiEDME, Fig. 20 (c) 1%
LSNN OfE A EOE TH L. MP DBy T 713452y MU — 27 NOR G E
DOALETH Y
e wilhl ZANEL/—FEOLFREL /— KEB~ORFHEMWHE,

o Wil h2 ZANEL /—FENOHEE2 / — FH DA HE,
o Wil h3 FANE1 /—FANSHEES 7 — FE~OFAHE,
o Wil hd FANE1 / —FALSHEEA 7 — FE~OFAHE,
e Wil h5 ZANEL/—FEOOLHRES /— KB~ EMWE,
e Wi2hl FANE2 / —FENSHEEL /) — FH~DOFEAHE,
o W2 h2 FANE2 ) —FANSHEE2 7 — FE~OFAFE,
o Wil h3 ZANE2 /= FENSTRHES / — FE~ORAHE,
e wilhd ZANEZ2 /—FEOOLHREA /) — KB~ EMWE,

i

o

o
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o W_il h5 ZANE2 /— FENSFRES / — FH~OEAHME,

o w_hlol 3HME1L/—FELSHAEL /) — FH~OREANME,
e wh2ol (ZffE2 / —FENLHIIE L1 7 — KRE~OFEAWE,
e w_h3 ol ZHME3 /—FEZLLHIEL /— NA~DOEAMH,
o w_hd ol FHME4 / — FENLSHAEL /— FH~OREAHME,
o w_h5_ol 3HME5 /— FENLSHAE 1 /— FH~OREAHME,

DEHrCEEND. T, FTTTOT TN JEHERETH D,

ZOERIZBWNT, RETANRERITT XOR O N ZEFIL L. 7=, Fig.
20 (a)-(c) DFEFEA D, LSNN 1Z NN 35 KO Drop-NN & b, FEA T E OB il
DFEIPAD/N SN E Do 72. LSNN OFEAREIT NN B LT Drop-NN XY
B LT WEF R, FFIC LS EFAZEA LW HRE & 18 DM OfSE A faf
FEIZBWTEOHAMNEE TH-o7=. £72, LSNN 1F/ — ROEOFHEEIZ L - T,
IEAMBISIEWRI R 2, R EIZE X5 2 ERbhoTlz.

F 72, Drop-NN X NN &b, AJ)JE & i )E oo i o & 1nf S O B e o il
DINEDholeb DD, AL g OM O &R EN IS EH &, FEE & W
N OB OFEA W EOI A EFAIZ, K& RENRH 7. 2D &5, Drop-NN
FATE EPHEOR O AR EDINRZNT H@ME RN H D Z LR TRIND.
LU s, HiiE & A OREE R ENIRDEA, A & g R Ofs
B ENI DM L EEA_IEF IR E WS, WEOEF &P ESMEL DS DD
D% KIEC EEY, FZEBRRLCLES VAT B H 5.

—HCREFETHD LSNN [ZALE L TE, oM@ L o
FCRGMESNR LT <, KVRMNICEFEZCZ Enbnol. %
FHEITHIE S BEAR FTRE 2 R EIC B W T, KV RE L FEEITH Z Lo

277,
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w_it_ht w_i1_h2 w_i1_h3 w_i1_hd w_i1_hs w_i2_ht w_i2_h2 w_i2_h3 w_i2_hd w_i2_hs wihiol  wh2ot whdol  whiol  w_hS ol

(a) Weights of NN after Training

Figures 20 (a). Weights of NN after training. The error bars indicate the standard errors.
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(b) Weights of Drop-NN after Training

Figures 20 (b). Weights of Drop-NN after training. The error bars indicate the standard errors.
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(¢) Weights of LSNN after Training

Figures 20 (c). Weights of LSNN after training. The error bars indicate the standard errors.
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ARFETIE NN IZRREINA T AZEAN LT LSNN ZE L, BT — X s
27 Z B, NN, SVM, RF, Drop-NN, NN-BN & Ol & 17~ 72, #lfis—4 @
FIE 2 RN Z B O N T VAR RELTZER 4, DENONT U ADRWH
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RRFIETIE, =a—nr VTR S 1L 5 et Fiik - F B HE M IZE B L,
DIERNDFRINASA T Z DB DR BLZ G A T2, LSNN 1L/ — ROl %217 5
Z e hE, W — FOEEBITVY, L0 FERMUIIS Ui 4175 2 &
DAEETH 5.

FEBR 4 IZBWT, BRETAREWSEREEZ RE. fTH, NN OJRAERT
& % LSNN, Drop-NN, NN-BN (& & &V K HED F-measure %7~ L7-.

FEER 5 1IZBWT, L DETADRHENT — X OB L HHEE 2T, E
4 \THADERENMET Lz, —77, ETFIETH D LSNN 2513 R E RkFE
O ITBI S o Tz,

KB 6 OHNT — X A HHE L, WAL ED Benign T —4% &0 &
@ Malignant Ziifio — # & W72 32BRTiE, LSNN & Drop-NN ZFR< £ ToE
TN N L— RA 7 & AT

FBrR 7 O, EBr 6 SIIHANT — ¥ OES & filis S 7238 T, Drop-NN %
G, 2 TOBFEOBWEE €T VN ML — KA 7% B8, —J5, LSNN » b
FREREEOHWITIRZ T oS, KT — N ZE LFEEITo 7.

F72, LSNN 13/ — FOAWDEAFFE S 2 2 & T, EAMBIZEWRIR & &
EICHEDT 2 ERNbhoTo. BETIEIT Dropout &, X0 2 RAICIESE
TP 2 E DR S T
3EDE LD ELT, ABOFBIMAL T AZEHEAL, =2—8 BT DR
PE & AR B2 FFBL L 72 LSNN 728, & TOERBRICE W Tl b N2l 2 R
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FATE i

ABFZE T IR BT T AT ANBIOFREINA T A EHE L, R/ AA— V4K
EIRR D BAE M E M I ER AT o 7o, REFIEL, BT AOHFT
HRFICTE H S5 RS A 7 R LA AR S A T R 2B ACHIBIT S 2 & T,
L OB 7 Tk & e, RIBIS@E W RG22 R 7o, B, 1RE TR H
T=2RYETHDLHER, ARG EICENTY, ELLEFEEITI 2L
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BT — 2 2R T2 ENE LW 27108, BEOFIEL S, LV 2HEM
WIZFHATE D Z LM LT,

TER DB OREW R TIEE, 2RO ONT UV ADRWHETT — 4% %A E
THZET, mOHBIMREEZSS Z LN TE S, — 5 OARBIZETIX, HfiliT —%
DD BN O RN 72RBUT KT LT, A OFRBHBENCE R Lo, 10 FikeyH
EATOETNVERREL, H2ETIE, ANRAMA—NAGEI A M E L, T4
— TN ARG SIREANA T A& @M L, NN, SVM, NB, LR, RF & D417
ol BT — 2B AV EICIRE LZFER 1 I2B80 T, R E LIZET LD
Z AXHRIMERMER L2 b 00, #EFETSWVEEL Y. £, FFED
7T ANBT DHENT —Z O A EEIC LIZFEER 2 1280V T, BEFIEN LI
HIB AR OB RZ T BhinoTo. B2 MNOWH X &2 B JE L7z K
3ITHNTH, MEFIRITIBH G L LI EET V&R, @OV EEE
s LT,

B3 TIKERT —F NHEEME L, 20X 27 ICBWTHBEICHLRD
FIETHD NN ITFRAASA T AZwA Lz, $IREFEE, ==—a U H TRl
A AP ZRREBERE, BANAA T AOBENLHEELIZLDOTH Y, 5N
AT ZADBENE D~y T DEAOBEZITHORATH L. KB TIE SVM &
RF, 3L NN & ZDJR4ARTH S Dropout & Batch Normalization & OPERELE
WaATole. BT — 2 DT U ARREL, KRZEOT — & 2 723265k 4
BLY, RTUREFERWLOOT X OREBENVETHT2FEER 5 2BV, 2
RPEEROBWVEE L 7. £72, #ET — % 0% RE#HIC L2 KR 6,
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FEER 7 IZBWT, BETFIET NN ORHET —Z 1234 2 Sl 2 ik L7z
T—HEEEDNT VA EAS T AROERETITBWT, ETFEETRD
BN E R, CoMEAR L VERETE ICERT 2 L AR L.
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BaATo ZLDPONTR T, ZORRENS, BIEASA T A Z 36 L 7By
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DFEJE & LT, A/RLA—LGERRO BRI B EHOLSMNZ S, o
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ek A A by FU—FR

AW ClE Table 11 (R THEEAZ A My U —REEHR L.

Table 11. EEBICH WA v T U — RKO—&

A about Above across after again against
All almost alone along already also although
always am among an and another any
anybody anyone anything | anywhere | are area areas
aren't around as ask asked asking asks

At away B back backed backing backs
Be became because become becomes | been before
began behind being beings below best better
between big both but by C came
Can cannot can't case cases certain certainly
clear clearly come could couldn't D did
didn't differ different | differently | do does doesn't
doing done don't down downed downing downs
during E each early either end ended
ending ends enough even evenly ever every
everybody | everyone | everything | everywhere | F face faces
Fact facts far felt few find finds
First for four from full fully further
furthered | furthering | furthers G gave general generally
Get gets give given gives go going
good goods got great greater greatest group
grouped grouping | groups H had hadn't has
hasn't have haven't having he he'd he'll

Her here here's hers herself he's high
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higher highest him himself his how however
how's I id If 'l i'm important
In interest interested | interesting | interests | into is

isn't it its it's itself i've J

Just K keep keeps kind knew know
known knows L large largely last later
latest least less let lets let's like
likely long longer longest M made make
making man many may me member members
Men might more most mostly mr mrs
much must mustn't my myself N necessary
need needed needing needs never new newer
newest next no nobody non no one nor

Not nothing now nowhere number numbers O

Of off often old older oldest on

once one only open opened opening opens
Or order ordered ordering orders other others
ought our ours ourselves | out over own

P part parted parting parts per perhaps
place places point pointed pointing | points possible
present presented | presenting | presents problem | problems | put

Puts Q quite R rather really right
room rooms S said same saw say

Says second seconds see seem seemed seeming
seems sees several shall shan't she she'd
she'll she's should shouldn't show showed showing
shows side sides since small smaller smallest
So some somebody | someone something | somewhere | state
states still such sure T take taken
Than that that's the their theirs them

82




themselves | then there therefore there's these they
they'd they'll they're they've thing things think
thinks this those though thought thoughts three
through thus to today together | too took
toward turn turned turning turns two U

under until up upon us use used
Uses \ very W want wanted wanting
wants was wasn't way ways we we'd
Well we'll wells went were we're weren't
we've what what's when when's where where's
whether which while who whole whom who's
whose why why's will with within without
won't work worked working works would wouldn't
X Y year years yes yet you
you'd you'll young younger youngest | your you're
yours yourself | yourselves | you've Z
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f-F$% B: SpamAssassin = — /XA ZE&FEND spam

A — LT — & D]

From ilug-admin@linux.ie  Fri Aug 23 11:08:03 2002
Return-Path: <ilug-admin@linux.ie>
Delivered-To: zzzz@localhost.spamassassin.taint.org
Received: from localhost (localhost [127.0.0.1])
by phobos.labs.spamassassin.taint.org (Postfix) with ESMTP id D843A4416F
for <zzzz@localhost>; Fri, 23 Aug 2002 06:06:37 -0400 (EDT)
Received: from phobos [127.0.0.1]
by localhost with IMAP (fetchmail-5.9.0)
for zzzz@localhost (single-drop); Fri, 23 Aug 2002 11:06:37 +0100 (IST)
Received: from lugh.tuatha.org (root@Ilugh.tuatha.org [194.125.145.45]) by
dogma.slashnull.org (8.11.6/8.11.6) with ESMTP id g7N7fDZ14920 for
<zzzz-ilug@jmason.org>; Fri, 23 Aug 2002 08:41:13 +0100
Received: from lugh (root@localhost [127.0.0.1]) by lugh.tuatha.org
(8.9.3/8.9.3) with ESMTP id IAA13857; Fri, 23 Aug 2002 08:38:52 +0100
X-Authentication-Warning: lugh.tuatha.org: Host root@Ilocalhost [127.0.0.1]
claimed to be lugh
Received: from relay.dub-t3-1.nwcgroup.com
(postfix@relay.dub-t3-1.nwcgroup.com [195.129.80.16]) by lugh.tuatha.org
(8.9.3/8.9.3) with ESMTP id IAA13820 for <ilug@linux.ie>; Fri,
23 Aug 2002 08:38:43 +0100
Received: from mail.com (unknown [64.86.155.148]) by
relay.dub-t3-1.nwcgroup.com (Postfix) with SMTP id 1AE6470047 for
<ilug@linux.ie>; Fri, 23 Aug 2002 08:38:15 +0100 (IST)
From: "MR.Johnson S. Abu" <coll2001ng@mail.com>
To: <ilug@linux.ie>
MIME-Version: 1.0
Content-Type: text/plain; charset="1SO-8859-1"
Date: Fri, 23 Aug 2002 20:41:55 +0100
Reply-To: "MR.Johnson S. Abu" <smith_j@mailsurf.com>
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Message-1d: <20020823073815.1AE6470047 @relay.dub-t3-1.nwcgroup.com>
Subject: [ILUG] BUSINESS

Sender: ilug-admin@linux.ie

Errors-To: ilug-admin@linux.ie

X-Mailman-Version: 1.1

Precedence: bulk

List-1d: Irish Linux Users' Group <ilug.linux.ie>

X-Beenthere: ilug@linux.ie

Content-Transfer-Encoding: 8bit

CENTRAL BANK OF NIGERIA
FOREIGN REMITTANCE DEPT.
TINUBU SQUARE, LAGOS NIGERIA
EMAIL-smith_j@mailsurf.com

23TH OF August 2002

ATTN:PRESIDENT/CEO

STRICTLY PRIVATE BUSINESS PROPOSAL
I am MR.Johnson S. Abu, the bills and exchange Director at the
ForeignRemittance Department of the Central Bank of Nigeria. |am
writingyou
this letter to ask for your support and cooperation to carrying thisbusiness
opportunity in my department. We discovered abandoned the sumof
US$37,400,000.00 (Thirty seven million four hundred thousand unitedstates
dollars) in an account that belong to one of our foreign customers,an
American
late Engr. John Creek (Junior) an oil merchant with the federal government
of
Nigeria who died along with his entire family of a wifeand two children in
Kenya Airbus (A310-300) flight KQ430 in November2000.

Since we heard of his death, we have been expecting his next of kin tocome

over
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and put claims for his money as the heir, because we cannotrelease the fund
from his account unless someone applies for claims asthe next of kin to the
deceased as indicated in our banking guidelines. Unfortunately, neither

their

family member nor distant relative hasappeared to claim the said fund. Upon
this discovery, | and other officialsin my department have agreed to make
business with you release the totalamount into your account as the heir of
the

fund since no one came forit or discovered either maintained account with
our

bank, other wisethe fund will be returned to the bank treasury as unclaimed
fund.

We have agreed that our ratio of sharing will be as stated thus: 30%for
you as

foreign partner and 70% for us the officials in my department.

Upon the successful completion of this transfer, my colleague and |
willcome to
your country and mind our share. It is from our 60% we intendto import
computer
accessories into my country as way of recycling thefund. To commence this
transaction we require you to immediately indicateyour interest by calling
me
or sending me a fax immediately on the aboveTelefax # and enclose your
private
contact Telephone #, Fax #, full nameand address and your designated
banking co-

ordinates to enable us fileletter of claim to the appropriate department
for

necessary approvalsbefore the transfer can be made.

Note also, this transaction must be kept strictly confidential becauseof its

nature.
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NB: Please remember to give me your Phone and Fax No

MR.Johnson Smith Abu

Irish Linux Users' Group: ilug@linux.ie
http://www.linux.ie/mailman/listinfo/ilug for (un)subscription information.
List maintainer: listmaster@linux.ie
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fF$% C: Ling-Spam = —/RA|ZEFND spam A

— LT — & D]

Subject: dear website operator

hi , i thought this could help your success . feel free to call me with any questions . sincerely ,
jennifer powers 904-441 - 8080 env associates you will never receive a message from me
again . * * * first time ever offered ! * * * keep your prospect pipeline - tm filled !
disappointed with traditional marketing ? maybe it 's time to consider ' business to business '
direct e - mail . forget the " get rich quick " schemes and $ 395 + software . forget the " 60
million " address cd 's that are filled with duplicates and even invalid , " generated "
addresses , hidden in many different files that rarely add up to even a million prospects which
are still unqualified . over 90 % are private personal addresses of people who do not want to
be invaded and unless you have duplicate filtering software , you would be mailing many of
them multiple times , with the same message ! no wonder they call it spam . you should
respect their privacy . prospect pipeline - tm gets you started with the contact e-mail addresses
from each of 100, 000 unique commercial web sites (e . g . www . mysite . com ) and a free
5 day trial of e - mail pump : software that does what every business needs done - - it keeps a
pipeline of prospects coming . maybe it 's time you filled your pipeline ? prospect pipeline is
the most reasonable marketing / announcement tool you ' Il ever find at $ 49 . 95 ( + s&h ) .
you can continue to receive a fresh cd ( 100 , 000 new commercial addresses ) each month
thereafter , at a 20 % discount . we can even deliver them to you automatically ! prospect
pipeline - tm addresses are contact addresses from commercial web sites (100 % '.com') . a
commercial domain ( . com ) is a business by definition and business people love to do
business . you know the value of qualified prospects and how much time and money you can
waste if they ' re not . this is an extremely reasonable offer ! get down to business today . stop
waiting for prospects to find you . prospect pipeline - tm business to business package

includes : 100, 000 highly refined ( no duplicates ) commercial contact e - mail addresses in
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plain text files ready for mailing . a free , fully functional , 5 day trial of ' e - mail pump , ' the
latest in direct mail software technology . start prospecting immediately ! e - mail pump
includes a built in " instant ' registration process via the internet . it 's also priced reasonably at
$49 .95, should you decide to register . if you have any further questions or to place an order
by phone , please do not hesitate to call us at : 904-441 - 8080 business hours are monday -
saturday 9 : 00 am - 9 : 00 pm . to order by fax or postal mail , simply print out the order form
below and fax or mail it to our office today . * * * ¥ * * ¥ * F &k kkk kkkkk kkkxkx & *
ok ok ke ok ok ke ok ek ok Sk kK ok sk ok Sk ks sk sk Sk ks ke kR kR R e
accept us checks by fax , telephone and postal mail . money orders in us dollars drawn on us

or canadian banks only , are accepted by postal mail . * * * * % % % % 5 % % & o % % & ok % % & &

EE I S I S I S S I I S i i S G S i S S L S S S R I S S S

———————————— env associates - voice telephone : 904-441 - 8080 business hours are
monday - saturday 9 : 00 am - 9 : 00 pm . complete this form and follow the fax instructions
at the bottom . all orders are sent us postal service 3 day priority mail or global priority mail
outside of theus. yes ! please send me the ' prospect pipeline - tm ' cd-rom of 100 ,

000 fresh , new , commercial addresses and free - 5 day trial of e - mail pump for only $ 49 .

95 (‘us dollars ) name

________________________________________ country
_______________________________________________ phone
number(s) _ _ _ _

_faxoumber__ .~~~
________ e-mail address _
____________ 2nd e-mail address _ _
______________ * please select the appropriate shipping for your location and make
your check payable for the respective total . .. i am in the united states , so i will add
$ 3. 00 for us postal priority mail for a total of $52 .95 (usdollars) . ___ _iamin canada,
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so i will add $ 6 . 95 for global priority mail for a total of $56 . 90 (us dollars) . ____iam
outside the us and canada , so i will add $ 12 . 00 for global priority mail for a total of $ 61 .
9 (usdollars ) .- - - === - - s - *** 24 hour ordering by
faX F*F* o 1. print this order form 2 . paste or
tape your check here 3 . be sure the above form is complete 4 . fax to 1-904 - 441-6481 ( 24
hours, 7daysaweek ) - - - - - - - - o - m e
---------------------- you need not mail the original check when using check - by -
fax . our banking software drafts a special check , with the exact information from your
original . orders are shipped at the time funds clear . if you feel uncomfortable with check - by
- fax or check - by - phone payment , send this form with your check or money order to : env
associates 171 east granada boulevard ormond beach , florida 32176 904-441 - 8080 voice
904-441 - BABL faX * = - - - = = = == e
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