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4. FPENMERSER—S %

I3 NFHLBE B REMIRZ O e BT A T B, P B UG S LA T TR, R 9 T 3 e 5
SRMAE, AECRKEEME A,  IXLLHER RN A BA N E]. 8 5 %K Jorge Luis Borges(1964 )5 i
TIXTUESS B, MB35 N CL R LR

(a) BTEFWA, OFTTHA, (OFITINENA, DILHE, FAf, O)MERAA, (KA, (h)EFE
B A R AL, D) BRTMEaLEIA, DEFEHIA, QWAFEFAHEREMBHA, (1D EME, (m) AFLRR]
EMFATHAT, ) FETLHERE,

V215 5 AT AR R B 2K, AN, 5 Borges MM, FATMRER G L. A&
WA GRS 2 UL 3 % o6 B T SC A 4 2K (text categorization), Bl B AN ST AR B SCAY 4 iR BR 2
(label) B HIAES

BATRET —AE WA D A5 BB Hr(sentiment analysis). 5 BRI, 1E& W HE—x 2%
IR AR AR B AR o X e LR L AR Bl B RIS R T AR B S S I IR, T AR BB SO
FIK TAEE IR NBRBUR1TEN TR . Rk, T B B, $EE0H 22 BA A A2 A DG

15 B AT 3¢ TR PR IR AR A — i b 0 AT 5%, T VPR R A BRI SR A TR IR R . B, BRI
oK 1 T LS R LR 1) IE THURN B TR PR TR 3R B SR I8 . A SR K. FE I AN R TR,
AR, AR A MR R

+ BRSNS PRI s LR — Sl A

- KAfHET o BRERER s £ .

+ AR AR AR A AT FREIX AN !

- L HERE PR B R AR B A ..

LRI (spam detection)& ) — AN E BN HFET, B2 ko 2T 5, T TR
i 53 T2 B 3 R A4 B A 1o B MR A3 P AN S ) — A o m] DU Y 22 4 V0 AN Al AR A SR A T X F 23 28 o il 2
PRAT BE 2 AH 4 G BEHD PR BE — 5 PR 2R 24 i "B 75 AT AR 9l FH " BS1 52 1A i 5K S5 R T R

AT REARAITE 1) 7 — R AR EIE S . B, HAEA ERSCART LR ZFE S, AT E
AT AR ALEE . K, 15F ID(language id )IAE 552 K2 805 5 B RIK &P I —2 . MRS
DHAES, HlntEE &4 )38 (authorship attribution)(7fi & CAKIE ), MG T AR, okl
FNEEE T A K.

e, ORI il AT 2 — R N SOR S Be B A1 32 JR ) 5] 32 R bR 2 i e it 9818 S0 S i
TREIE IR, RE B RN EEH N FAESPINN M, B0 MeSH(IE 2% £ #n ) [F] 3
T, SEPR b, IEWIRATH G BIMIBAE, RN R AN DU B L T 1961 4k B IAE S .

I3 FNEF ORI LA AT 55 AR B 2 FRATT L& B T ) 557 B (a2 1) AU )7 1 &5 R A A2 Bl 1)
— 0543 ) FH B TR R U (B - T A T L1 AR BRI I ) o A0 5 AR AR T DU A A — ol 23 2 A A B s T mT DA
BE—N AT —NREIEIA AR —NE, B, B~ — N ia g2, B E R B RS
(context-so-far), 42K F|4EA 5 45 #ii (each next word) 5. 1 2E4R10 8% (tagger) (55 )\ & )ik /2 ¥ —
AMFLER) T R —A BB 44 17 53] .

32810 B IR AT AN WEE, $EEL— 2 F RRAE, MR AN ER 5 2581 — 2 B BCRE A R I — .
DRIARM—F TR TSN . 758 S A V28U, TR T 5 5 R T e it
(SOTA) &G, Bi#HZARIAFI—E0.

SR, AU AT AE MG, RN B B 2 B e 8] (RS AR 4, g LG TR eeqE 45, ABA—
EFEKIE N . 15 F A ) K 2 o S8 s 8 I W B AL 88 % 3] (supervised machine learning)5g
), XK RAER R, BT, BAOTE —HmAMEEE, B85 — LB
(UBHME SR . Z AL B AR R 2 ST a] A — N BT I S b 31— N IE R A H
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A b, MBI S5 R SR B — NN x A — 4L e 3 2800 Y=(y1, y2, ..., ym)FRIR BTN
FMyEY. XTUANFE, BAERZRE c(HTHK)VE y ERARMNGHH AR, M d(H TSR R
B x (ENBAI N E. £ WEMEL T, ATH N ADSCREIIZRE, BA STEF Thsid 7T —:
(d1, C€1)s wooos (dns CON)o FRATTH H brod 5 2] — AN REBEHLF SR d WL B IEHZE ] cEC 1oy K. M2
REIE S HIRRATHE R PIER . BRI T DOy Fif iRt HMEE. &6IFAR
Guet, kg R RO B R R IR A .

VP2 ML S BRI R B L K88 o ARFEANE TANR Ui N/ R DA o X 26368 1
Fhor S5 T390 o AZHD R DU BE F AR R 4322 88 (Generative classifiers) i & 1 — /NS an ] A& b N S
MRS, 2 — N MEREE R, EATR Bl AT AeA BOZ M 2245 NS, G 8 T IXFE Y X 4 o 588
(Discriminative classifiers)ll < ¥ A H T fEBREERFAEXT X 70 A F T RE 2R B FH - 11X 73 RGuiE o
TR, DT, AR R E R E .

4.1. Fr= A NTHRST K85

FEARTTH, AN A2 DA R V2888, Z BT DL A PRI R D e e DU 0 288, BB
Z 6] AH BAE FHIEAT T A (R 28 ) B

SRR E B 4.1 FR. AT SCAR SRR N —AMAER, BI—AN P id s, HAr By 2
B, AR SCRS ORI I . fE BRI, FRATTI% A 7E°] love this movie” #1“l would recommend
it" 2 I T S RN SR, 1 TR b R BE AN R, FuA L HBLT 5K, it I 6 Ik,
love. recommend I movie & HHL 1 1k, I

it 6
| 5
| love this moviel It's sweet, _ the 4
but with satirical humor. The fairy always lover, to 3
dialogue is great and the anlé WhimSicalareit | and 3
adventure scenes are fun... friend sl anyone seen 2
It manages to be whimsical happy dialogue yet 1
and romantic while laughing adventure ecommend would 1
at the conventions of the whoSwest of satirical it whimsical 1
fairy tale genre. | would it st Deiiie I ‘ times 1
recommend it to just about several ) Wit o sweet 1
anyone. I've seen it several the 292N it the satirical 1
times, and I'm always happy b secre | " would adventure 1
to see it again whenever | fun e tim(:smanage genre 1
have a friend who hasn't I and and fairy 1
seen it about yhile humor 1
yet! whenever have
__conventions have i
with great 1

E 4-1: ZIEAbR DI o K E M BN RRZ (AR RIR)
WE: MATERZITFRHNEMAAR Nt R BN ENRZ, LENALE A% (FRER), RIFAESALEEME,
KR DU — AN R 3 2R 8%, IXEWREN TR d, EATA A cEC i, /32R2%R A HA 45 T
P KJG SRR 285 € o fEAR 4.1 1, BAVERIE 75 RFR AT ERZEA M
¢ = argmaxP(c|d) 4.1)
ceC
D1 nt #7 4 3 (Bayesian inference) [1)1X — L AH7E DU #r (1763) M EAE Rk & A NPT 1, FFH
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Mosteller #1 Wallace(1964) 5 X8 FH T 3CA G o L3 73 S8 1) LD 488 FH DL P S0 UK 2 20 4.1 B 8
Hofth B — 2 PR R AOMEEE . DU A 3R 4.2 Frm; B NIRRT — B AR AT & P(xX|y) 7>
fiff g F At = B 2R (1) 7 Vs

P1)P() )

P(;’Cbﬁ) — P(y)

AT LR A 4.2 AN 41 BRI ALK 4.3

¢ = argmax P(c|d) = argmax FlalcIF(e)
ceC ceC -P(d)
FATmr Ll & By B P(d) R A 4.3 IXZFTRERT, ISR AT RERI RT3 P(d|c)P(c)
IP(d)e {HZ P(A)AIS & MR S e AE;
HAVEA IO A — 30 d EA TRENISE, XA ATEA M F KB P(d).
DRI, FRATT AT DL A A i B 28 A KA A28
¢ = argmax P(c|d) = argmax P(d|c)P(c) (4.4)
ceC ceC
AR AN ZR DU iR o 2 s R, TR BRATTRT LA 22 3K 4.4 ff 50— T 50 T STRS A e 28 B A B 25 R ise:
HSEM Pe) AR —A, AR5 M P(dle) b RAF AL B IR . (FEsk b, JATTAT DU Rl IS AR RN T
A, BE DA BCE AT AR T ) . BRATREAESE 5 B 2T A AR A A5

(4.3)

[ B3 Sh R 25 LR d, WATE I G —AN IR E R AT RERZRC, RICHAA IR MR
BeEaRR: SCREISA B (likelihood)P(d|c) F1 2K ) e i 2R (prior probability)P(c):
likelihood prior
Y i S N
¢ =argmax P(d|c) P(c) (4.5)

eeC
AR, TATAT LSO d o —HRFE £, f2, s o
likelihood prior

¢ = argmax P(f1, f2, ..., fulc) P(c) (4.6)
ceC

AR, AR 4.6 UMEMEEHTE: WA — LTRSS THRRAE )RR F AT B 4 G (1
n, AR ATRE I SR AN B AR A ) SR 75 Z R B SR vl BE 0 e KN 2Rt . TR, b 3% DL 43
K EHITT T (make) A AL IR ¥ .

MBS ESCE M A SRS AV A B LR B, IR B T “love”, TEig HBILTE L
REHIEE 1A 55 20 MBS i a — AN A, #RT A M R . PRI ERAT TR AR f1, 2, .o fo R
DI Sy, ARG iR AL E .

55 AN BE YRR O FNR TUH- 7B i (naive Bayes assumption):iX & — N EAE O R ¥, BITEER
P(filc)7E45 25 ¢ B I N R, R aT DAAD 25 1A o T sfevk:

P(f1, f2, - fule) = P(filc)-P(f2lc) - ... P(fulc) @.7)
PRIk, AR DU 00 288 9% SRIE R R 28 T REN -
CNB = argmaxP(c)HP(f\c) (4.8)

ceC feF
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FOREAN R DU 7 70 S E8 N T30S, AT 75 B 1o a7 B bl g SORS o B A SR A B R 51 R R
IHEDA-¥

positions + all word positions in test document

cyp = argmax P(c) H P{w;|c) (4.9)
ceC

icpositions
FhE DU RS, RS SRR T, R S R e, DL S R R AR R . PRI A
i 4.9 R RN:

cyp = argmaxlog P(c) + Z log P(w;|c) (4.10)
ceC icpositions
AL 7 R8T B (] AR, A0 4.10 SE TN AT B 2 AR N RFAE R PR R 8. (8 PN i 2k 1k
ZH A R 43 SR TR 43 228 (A0 Ab 25 DL FB 58 (B )T B RR 2R 4 4 2828 (linear classifiers).

4.2 Fp= T ER S 223091145

AT 2= B2 P(c) M P(filc) 2 ib3RATT T 75 8 S AR Al o FRATTH% 7 Ep b 55 FH 50808 mh B 6
%5 T P(0)2 B2, FATE R (ask) YIS SCRY ZEAEANE ¢ F IR ET 4 b 8 No S S50 b SC R 0B
Naoc NI S H. 25!

Ndoc

BT fEMEER P(filc), FRAMBRE, —AMRFAE R R SCRS R A A — AN BRI A7 AR, R IRATT 7% 22 P(wilc), ¥
FAFF AR 5, XANREORSR, 758 ¢ BIFTA SCRY BB A7 B im] v H IR B0 w8l FRATT B el
i B 2459 ¢ FISCRYPHE N — DRI AR, SR, FRATE H BL PR SO wi B8R SR 25 MR
) KA SR T

P(c) 4.11)

count(w;, )
> ey count(w, c)

XEAAICR VA 2R BT SR R RIS AL, AN R — A o KA.

SR, BRI GRAFAE — A 5T, AT T4 52 S50 N FH L) #.17] “fantastic” i DR
B, (BRI BE AL & FA] “fantastic” S 4% 2 N BH M I 25 S0k . B R “fantastic” X AN 1A flf 75 (KU1 HE ?) H
PAERIMER R . FEIXFPIEOL T, 2R IE SR 2
IS = count(“fantastic”?po.si'tive) 5 4.13)

> ey count(w, positive)

EAE,  H AR ER DL R ERs AT AL R R] REPEARSRAE i, AEATSRA AT RENEATE 1 5K =
BUZRMMHR AT, NEHAMIEE A

B R AR TR T S5 B F P/ A N — (Laplace) Vi o OB TETE & @A bl i F BE S A P Bk
KACH Laplace 1, HEAEFNER DU SCA Iy S b i A -

Plwilc) — count(wi,c)+1 _ count(wi,c)+ 1 4.14)
ZWEV (Coum(wv C) + 1) (ZWEV CO“”’I(W? C)) + ‘V‘

FOER, BEREERE, WIERV RIS W R A, i AUOGE — A3 ¢ A

(B VR B DO 21X 20 J; WA R R IZ62).

p(w;\c) —

@.12)

P(“fantastic”
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ot T H LA MR A P (EAR A A E R R P A B 3A] RN B AT AT o 2R AT e I 2 SCRS R 8 3%E H
B, WATZEA? kit 3EHR 407 (unkown word) 77 20 B A 1- NI SCRS MR B AT], FRAAR
AL AR IR
W, HUeRG kR 4ANE N —I5 A . {Z R iE (stop word), AR WLIKEE U0 the A1 a. ] DLl
I ¥ AR P R AHRC HEATHER, AR5 AT 10-100 MAIC 4% H g X9 ], B8 FH 4 2 al FH
TELR T E AT R SR 2 — R TE Mo I3 4 1% 45 B 1] () B A S #0 DI SRR SRS R e, st 13 e
TINKR KT —FE. B2, ERZECCARG RN, R HRSRIEA I m R, R W
1) R FH AN TR 3 i AN A5 P A %
Kl 4.2 BoR T EBRANEE.

function TRAIN NAIVE BAYES(D, C) returns log P(c) and log P(w|c)

for each class c € C # Calculate P(c) terms
N, = number of documents in D
N, = number of documents from D in class ¢

logprior[c] < log N

V<+vocabulary of D
bigdoc|c] <+ append(d) for d € D with class ¢
for each word w in V # Calculate P(w|c) terms
count(w,c)<—# of occurrences of w in bigdoc[c]
count (w,c) + 1
Ew’ inV (Counr (W",C) Ex 1)
return [ogprior, loglikelihood, V

loglikelihood[w,c]+— log

function TEST NATVE BAYES(testdoc, logprior, loglikelihood, C, V) returns best ¢

for eachclassc € C
sum|c]+— logprior|[c]
for each position i in testdoc
word «—testdocfi]
if word e V
sum|c]<—sum|cl+ loglikelihood|word,c)
return argmax, sum|[c]

Bl 4-2: 5/ N—FiRALIBAHN 3 I T
EiE: BEA o THARE, THE B a, DK P AR ORI,
4.3.§{§u

EBATRE —AE NPT RN ZRA I AN 2 LT (7R 61 o BRATTRE 15 8 B Dy I T (+) A0 47 T
(OANSE,  IF A SEER L L PRI AL BL R SR I 2R It SR
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Cat Documents
Training -  just plain boring
entirely predictable and lacks energy
no surprises and very few laughs
very powerful
the most fun film of the summer
predictable with no fun

34+ +

Test

XA P(c)ilid 243K 4.11 /F4 Ne/Naoe 15

FE with A HIZE I ZREE T, AT LARRATT 58 T80 & (a0 R, FRATTANEE I A 6 im] (g Fb 2% DL 378t
), Igrge R R I = #iE“predictable”. “no”F“fun”{BSREE, RIE A 4. 14 E 2R h R4
WMER A I EAE NS ]), PTLAF B T 45

1+1 0+1

P(“predictable”|—) = P(“predictable”|+) =

14+ 20 9+20
$i1 0+1
P(“no”|—) = P(“no”|+) =
(hot| =) =rey  PUMOAH)=gr g
i 0+1 . 111
P(“fun”|=) = P(“fun”|+) =
Con’| )=y FCBRH=5 25

XTI 5] S = "predicted with no fun", 248 “with” J5, #id AKX 4.9, Fri&Sit&EuF:
2x2x1

P(=)P(S|-) = ;—’XT=6.IXH}_5
2 Ixlx2
P(+)P(S|+) = =¥ 5 =32x107°

PRI, XTI, 2R TN )22 ST ) (negative).

4.4. BRSO HRRIMAL

JERRERIAN R DU SO 73 0] AR Gt ) TA5 o, (HIE R S EAT — 28/ N BE Bt DR P e
B, XTI RAVE 2 A SR RAES, — R LT B IR T S [N, G
AL DA BRSSO ) SRR TH BRI 1 SRR m R (R R L5 R, B WAT L R). LA ERR Y i
Z A A2 DU el ki) NBo 2R TAHE A 410, BR 17X TR SO, JRATER e AT 3
FIRA KRS 7, FRATMEBR 7T EER S, B 4.3 BT —Ampl, HAe g serimEs (7 tos
9] H g 240 o SCRS I SCAS I AR IR SRS ) BT WS o — gk ], HABSUE I TH ot R R o 1o BIfE A l—
I B OLR AR, DUl ZE R A, R, SRRy 1 EEEX T k| NB, LA great
TSt 2, RS HIAE 2 S SR .

NP AT SCA G R0, 18 BT 1 28 A B 2 7R 2 Ab B A 5E (negation). K LE— T really like
this movie "(1E)F1“l didn't like this movie”(#1)2 [a] 1 IX 5l . "didn't" &7~ 1 75 2 56 4 208 T FR AT E 4]
"like" 73 i HUHE IR . [RIREHE, 5E AT AMB M — NE R AR, 0 A AR PR A ("don't dismiss this film,
doesn't let us get bored”).

FEAG B3 At rhad 8 48 F — N R 6 PR ) BEOR A B A5 8 1 AESCARRTE A R b, 2188 1 E FFid(n't,
not, no, never)Z J& AN BRI BT INAT S NOT _, EHEI T —MrAfrS . X a)iE:

didn’t like this movie , but |

I

didn’t NOT _like NOT_this NOT_movie , but |
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NB Binary
Counts Counts

Four original documents: - 4 —
— it was pathetic the worst part was the %ﬂd. % ? (1) ?

: oxing
boxing scenes Alm . 0 1 0
— no plot twists or great scenes oreat 3 1 3 1
+ and satire and great plot twists it 0 1 0 1
+ great scenes great film no 0o 1 0 1
S or 0 1 0 1
After per-document binarization: part 0o 1 0 1
— it was pathetic the worst part boxing gflg[letlc ? i ? %
SCEnEs saire 1 0 1 0
— no plot twists or great scenes scenes 1 21 B
-+ and satire great plot twists the 0 2 0 1
+ great scenes film twists 1 1 1 1
was 0 2 0 1
worst (S TS |

& 4-3: ZHlAhE BB A —E LRI

XRE, HHILE 0 NOT like. NOT _recommend Ff) 5 3a]Ks 58 22 i HE B0AE i SeRd b, F oy o
THEER LR, MiEW“NOT_bored. NOT_dismiss J#ia] K5 3R 1E AR . FRATRE A1 228 16 &= 2480 H il
AP R SEORE A b AL PR 6 153 € 1] 5 EATT AR A0 1R 108 1) 2 R) RIS B G 2RI 7V AELRE I ] B P AR 2 7 S
RRARGF -

BJa, ERLAENLN, a0 R FHIZREE i BirfT Bam RAG THRRR AT ARG 4, B4, FRATATREIR A 2
% F 7 AT A2 11 0 B0 R R O AR 25 DL 37 4925 3%

TEIXFIEHLT , FRATAT LB AR 2 1 42 MR 18] VL (sentiment lexicons) £ B IE i) Al 47 ] K¢ iE

XA R TS A IR T B ] . AERX ARG O, FRATAT BLBCTTAR 2 8 5 A A7 ] 1 Hh g B L 3] A 471
TR FAE, X G ] 38 2> U Je s N 3R] B A7 iR . DY AR AT 191V 2 General Inquirer(Stone %5 A, 1966).
LIWC(Pennebaker %5 A\, 2007). Hu #1 Liu {7 Wi LIWC(2004a)f1 MPQA ) 3= W 1] 4 (Wilson & A,
2005 ).

Bt MPQA FEWMERIICA 6885 /Minl, 2718 AN1EiEIAN 4912 AN finl, F AN #R M bR ic A2 i ik /&
550k . MPQA 71 H () — 26 TE R A7 3]y AL 45

+ : admirable, beautiful, confident, dazzling, ecstatic, favor, glee, great
- . awful, bad, bias, catastrophe, cheat, deny, envious, foul, harsh, hate

FEANZR ) D17 73 245 b A F A1V A — i 7 k2 il — MR E, RS B aa i i B e], i
ettt . Bk, FRATAT LA I —A> 44 9 e ia] Y S AE TR v B R AR, K 1]V rh B A B ] £ SE 451
HRAZRAE T AR 3 At BN B . [RIRE, AT AT RAAE GOm0 7 0 e i) Hh 3AE frml i
VENSE ZAMRHIE . WRBATHIRZ I EEE, JF HAEHE 528 ITRS, A AU R ANRE A BE
BAE R A S04 — R 2 (Ha2, B GREE Mg B A REACER I AR I, ik FH 3 B AR VAR AL 1T A A2 AR L )
FAAN BAAR R IR P RE o SR AP HLE) .

FATKAESS 20 BRI BN, R andT B 35 S XL, PR e A N T s R
HMRIVE 2 FLABAE 55 .

4.5. FFENHERRFHMXE 5 RES

FE BT, FRATTHR AN & UL AN ZEREATT I 70 S 25058 U ZREcdia o (0 AT BRAm] AR N RRAE - 2R S
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by A ER DU R RFAE T DASR R AT AR ZEE AR N SCAS A AR 1o

F e — N BRI R AT S5, BVA E S E BB A 2 15 B S R A (AN B R It B R ), B
JAb 2 DU i e SCAR 7 8 ) 3 — AN B A (Sahami 58 A, 1998).

IX B ) — i WL R 5 S, AN ERRG BT SRR E Y B R RRAE AT, T2 T B ) IR B AR T
Je e SURFHIE, S5 ARA0E S M EAHS G . B, FFIRR SpamAssassin TS e 1 R IE A
4y 2 A fRilF(one hundred percent guaranteed)” = “#& & 1 & /5 3% Jt(mentions millions of dollars)”ix £ [1)4F
P, XRE—ANENRER, S8 KERSMITH . HEBERHEHTML 1) 3CA S EG XK TR
(HTML has a low ratio of text to image area)"ixX#f FJFHIE, XA ZANERIE T, W HETRE LB RIITE,
s sE A dEE S HRHE, Bln, HEARERIA RIS . % SpamAssassin FFHIE R

o B IR AT 35 N K S 7B

AEESEE, FlnEaRg"

B IR AT RS IR LR

*HTML 1 head 5% A< F-1fif

o 75 B AR AT DL 2 g B

X T HABAES, FIWE S ID(HE 4 € — BOCTEHBAIEF), S ZURAN 2= DU R e AR A AN 2 B
1A, & TS n-gram, 2-gram(‘zw'), 3-gram('nya’, 'Vo')mk 4-gram(iez', 'thei'), H & & fF K T
n-gram, 7EXH, IRATAE AR S (codepoints) )£ 717 Unicode FfF &R, Mifi&iia NAH
S RIE T TR . B RE oT DUEAE—/N5277, BT BLS4Y n-gram o] D6 53] R Sk 84S R M 4i it 5 B
FEAR . — P2 M F AN R UL R 480y langid.py (Lui A1 Baldwin, 2012), ‘&2 MK FER 1-4 [IFTE Al g
f1) n-gram JF46, {8 AR BRI 5 B & 1) 7000 NI ZRHIE .

BE ID RARELE T AR LTINS, WA ARIER 1 68 A [F1E 5 I 4EdE 5 R SCA (Lui A
Baldwin, 2011))ElGHT H@E At SN T #R 208 5 SR IE# A RIHLX . 5 8 Ft 2852800, R4%
RN T AEVE 22 1 X 3T 1 FEARIC 0 2 FhiE 5 10 Twitter SCAS (0T A ZETE A 1A 22 1) [ 5% -4 40 Jé. H 1) TF
Y B R SR A AL S AR ). R4 (Bible) A 244 (Quran) B . HIE W xk (%140 Urban
Dictionary). JE& £ E A [1EERHE (Blodgett %5 A\, 2016). A H & (Jurgens N, 2017).

4.6. FPENHHANESIEE!

EAIRATHERT— 5 P B 2, AR D770 88 7T UAE AR (T SRR RRAE: 1 8. URL. A TRt
bk PIZRREE. REESESE. (HR, AT A, R BATA A S AR AL, F HLBRATAE SR
FIPTA SR (AR — A T4E), AR M 515 5 @A R L. B, — A I
BRI AT LA A2 — 4R 5E 19600 unigram 15 SR, FL P RS SRR SL 4k T —A> unigram i 588
H T AN 2 DU SRR B (AR REAE g B AN 1] P(word | €)M T 1 3R, DRI AR ALt Dy B AN ) 4 TiE T MR

P(s|cy= ] Plwil) (4.15)
icpositions
DRt 2% B — AN 3R DU IR A, LN IE ()R (-), AR SN T
w  P(w|+) P(w|-)
I 0.1 0
love 0.1 0.001
this 0.01 0.01
fun 0.05  0.005
film 0.1 0.1

' https://spamassassin.apache.org
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PLEMBIRRSCHIL 7 — MBS A, 2R LY love this fun film”iX &) 36 4 B
P(“Ilove this fun film” | +) = 0.1x0.100x%0.01x0.050%0.1 = 0.0000005000
P(“I'love this fun film” | =) = 0.2x0.001x%0.01x0.005%0.1 = 0.0000000010
ETI IR, IR T3 A0 S e IR R P(s|pos) > P(s|neg). Ti§TERL, X A2 AR aR DU B AU [ fo)
Wikors — BIAEIRS AR, 584 ph 2 DU AL a) B 2 i S RIS

A4.7.74: BE, BEX, FEE

N T VG SCAR G T8, AEBAT 1 7 8 — e ) AR AT %% o 0, 7 B3R AR
e, JRATTI H AR R BN SR bR e A 8 T AR 28 500 (B ) BN J& T R B4 2 (7). BRI, X T
ANTE (T IR SCRY), FRATT TR ERITERA TN RS BN BRI . BATTE 75 B 5038 T R 2 5
LI AR B, BB ATTAR B DT T P A AN SRS I A 58 SRR S o AT IR 2 N\ RAR TN SR
(gold labals).

{8 #4542 Delicious Pie A& MU B FEHATH, H HIETEE T A TEA T AR XHE 1R D (Pie) fIVF
Y, BIGETT LLE E— A R Gk K 4 5% Delicious Pie fIHEC . 7EiX B, IEJESETEIRIRMIHE, %
2T HoAhHE S

TEX PSSR, FRATER T BE— A B SR AR T MR AT B2 3 MR AR A 2% (5K pie-tweet-detector) ¥ 1.
VERE DL AT IR BRI I R G, A1 e i E 4.4 iR (0B ¥ %E % (confusion matrix). V&
BRI — ARG, R RR T BN T AR SRS R AT 1. RS T /MR (R
Gi A SAr ), A RIChRL T — AT REISE R B, FERSRARAER IS AL R, BB (true
positives) & F il S B3R M 1 SCRS (F N OV I3 S bR 2 TR 7R),  TTERAT ) 28 6 1E fff bt SL R Oy 437 33
. BRI (False negatives) & 4R i S @ BRI, (HFRATI R Guit iR bR ic R FEh AR 1 SCAY o

TG T AR AN, & ER(@sk) AT RS IEHAR LI T A W52 45 B (6 T b 3% 144 5% Pie
B, EEUREE T T I BHERE ) E b BARER RS AT — A AR R e, ERATEE R
EHT SR BATSS o XS RA A RASTPHE I, AR Bk AN 8 AR b R 4% 1 FH (o AR B B IR AR —
DSR2 IR R BN A, R E AR KT Pie NN %),

gold standard labels

gold positive  gold negative

N T
system  SYStem true positive | false positive | precision =
output posttive | tptip.
t . .

labels nse}];a%r\r,le false negative | true negative

; (| s tp-tn

| = | caccuracy =

:recall tp+fn | | y tpHp+tnt+in

E 4-4: BAEEERESRE THRM

HE: —MREEME, ATIAA_#H 0 X R A EESTLETHEN,

TR, A RIRATE T 100 J5 &S0, T RA 100 FAETHS AT AR Pie 1% (BUR),
T HAth 999,900 4 HESCAR R T — 25 2T R HEG . R, —/ME I RA R Hh 0 R 2 HESCHR
4y 2% N “not about pie” . XN E 999900 M E FHE, KA 100 MEREE, HHIE AN
999,900/1,000,000 £ 99.99% ! £ 415 N BIAERHEE KTt FATTFLAZA X AN 73 A IR B = Mg 258177, 1X A
“Aaib ) no pie” s KK B AT, FEONVEASHI|— N FATIEAI R E 7m0, Ha)iEi,
W BAre RI— S5 W AR P, B B ADIEMR EAR S8 4 P (X2 57 E AR LA ), I e B
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AR — M R AR

KA A A BATE T e 1 18] 4.4 o §ORS BN 0] 33X AR AR T A2 #ERIE . K5 (precision) ]
B AR G I 20 AT H (RIDFRC 9 BE A 0 28 55t ) S bt BE A (B RR 48 NS B0 < D9 BE A ) B 35T BT o5 1R 7
JrEte KERLE SON:

true positives

Precision = " "
true positives + false positives

A [F1 % (Recall) 7 BN L PR AL/, B RGIERRB BT E BT S B0 A2 b A Bl 20 SO

true positives
Recall = P

true positives + false negatives

s P A (8] 045 Bh T vk TC H ) “nothing is pie” 3 228 (1) 1r) . B XA JS e VR R ik
99.99%, {H'eA —MolaE HZ ORI EA HEME R, HHA 100 MrPIEL R, bl d mEs
0/100). YRFOZULIR F L, FREBAHCHE ST B A I . BRIk, SIS, A B A0 [a] 2
FLEME: FRBIFRATIAZ TR AR

A VF 2 777501 LA SCELE RS FE AT 43 8] 260 A 7 T PR B FE B b . IR BB A iR K 2 F-E &
(F-measure)(van Rijsbergen 1975), & X N:

(B2 +1)PR
B2P+R
BEHCAT AL AR SRR AR, LURIF 0077 sk I A RO R T 2 . B> 1 (A B T 3 )

K, MB<1 MEAB TR . 2B= 11, KEEERH BIZRARER): X2 bR, TRy Fe= 1 8L
PR Fa:

Fpg =

2PR

S — 4.16
" PR (E=le)
F Rk RS BE AN (R 2 A B AN ME . — 25500 1 AN S8 2 130 B0 AR ST 3 B i 180 5
HarmonicMean(ay, a3, a3, a4, ..., ay) = 4 I; I 4.17)
a—i—a—z +g—|—...+g
R F R
1 11—« 2+ 1)PR
= — - oor (With B? = 7> F= (B;r—) (4.18)
op+(1-a)g o B?P+R

A8 PR FISSMEL 2 RN E R — RSP EE i P AME IV AT b SRR I B8 003X P ANME 1 e /IMEL
I, XA R R
4.7.1. BAANLAERISSHIT T

FIH AT I, AT R HR T A RI SO KA 55 o (HIE S A B R 2 0 AR 58 AN LL_E 2K,
XTI, FRATEH 200 3 KRR AR R, HEAFRIGRE. 17 OB 8 XA Ebr
ZL BERNETS P ESAELZME. FiEME, HRIHREECEE—NE2RREIL.

A2, AT EMME S — FREAE FZEE L. FEE 4.5 Frox i 3 Fiep m B2 28k
WES, W, SRR REARIERERE . SRR, a0, REEHRHE — AR ORI AR e o &
SRS, JEHIAVER T A ST EA R R A A B 8 TR NSRRI R SRS R 0
HIRE AR, FIE PR A A IX el . 7822 P (macroaveraging) 4, FATTHERFAZRAMMERE, A



47 WAl RYE, TEE, FEE

55

Ja X AT . TEFRF 3 (microaveraging) . FRATTH BT A 2R SRINEE B — AMRIEFE R, 4R
Ja MZRF T EREEM AR, K 4.6 730 Bon T RN RIIREFEFE, S RCr 50 72 W38 B 05

gold labels
urgent normal  spam
urgent 8 1 O 1 precisionu= S0+ T
system T 60
oupur normal 5 60 50 precisionn= ———
7777777 .. 200
spem |3 | 30 ] 200 ] precisions sy
i recallu= recalln=recalls=
{8 1 60 i 200
| 8+5+3 10+60+30 14504200

& 4-5: ZE DL EZHRAEEE

BlE: AFERTHTE—HKC, ¢, o FASZIXHBEALIBLS c.»

Class 1: Urgent

Class 2: Normal

true true true true
urgent not normal not
system system
urgent 8 11 normal 60 | 55
system system
yn()t 8 340 ynot 40 212
= 8 - 60
precision= ——= 42 precision=y === =_5)
8+11 60+55
Class 3: Spam Pooled
true  true true  true
spam  not yes  no
system system
spam | 200 | 33 yes |268 ] 99
system system
yIl()t 51 83 yno 99 635
precision = o microaverage _ _268
200+33 precision 268+99
macroaverage _ -42+.52+86
precision 3

73

B 4-6: AHEHVRBEMEUL ML FHMIEE

BlE: ¥ 3 RRFEEMES L —KELTT, BRT 6 /500 EEME R T 5 F0 2 F 249 894 2

WmE PR, B EGR G IR, PR A A A SR (XA G L N OB IR ) T . T
PG T BUNRIGETHE R, BRI, A Rk RE RSS2, A8,




56 4. AR UM 515K

4.8. Mt EEFN3E STISIIE

SCARGY ZEI N G A I A B AT IAEE & AP R B A 25 (5 3.2 1) BAME ISR I Zhpi e,
SRIG A I R BUREE (devset) K iAEE — e 24, o )ik B yYuE Blr AR A4 . — BRI TIRATIA
B IR AY, 3R LATE (G2 4 AR DL )RR s AT 12 2 DU 25 HL 1 e

SRS P IT R 4R 1T DL b o P& RS, (R B e I 2R 8E . JF R EEFINREE 27726 ) — i)
B N T ORAEREHIEAT IS, MR (ETTRE)TREAE K, AHARTME. WRRATRE LIIEF
oW pr A S AUk, w0 BT A RO T OR, SAS EAETR ? FRAT AT DUE R B HIE
(cross-validation): F A TBfA LR —F Il A2 AR AR (6 B0 U1 23 SR I 2500 258, SRS T B4R b i
W, I E A (FEHLERE S — PRI ZRERMEREE) . FAMHOX SRR 10 ¥k, FEXHX 10 Kigfr
BT, DR —APsRE. X853 XEHE(10-fold cross-validation).

A8 XCIGAE R ME— A, T T SR TR, DA R BB R E R E B BATEIER
BEATAT HCHE R R T RERIRRAE, IF HOEH v LLE BIIEE R AR, RONERA TS M B IREE, 1 X b
ITRSERRA TR REMPERE . (H2, BEERE TR T2 %0 NLP RSB ELE ! ZE 4 /0?2
DRk, 38 e g — AN IR AR, SRS FEIZREE AT 538 IR, HR T S iR % 2 %
HEIIR A 1 1 5 S, W 4.7 Fs:

Training lterations Testing
1 | Dev ! Training
2 [ ' Dev | Training
s [ Dev Training
4 Dev Training |
5 Training Dev Training TSeestt
6 Training I el 0909090 0%
7 e Dev
8 Training DeV
9 Traning Dev—
10 Training Dev

B 4-7: +ERZRXIE

4.9. Fit RE GRS

TERE RGN, BATEH T BB R NIMERE . BATWA A BERIE R ATRINIE LB RS2 & T
AT R G L 280 HOCER P R 1) HA RF L2 X EGHEORR IR, EAH, RATEA
4 NLP 732K 88 (G0t B AL, Hr 2% Dror %5 A (2020)F1 Berg-Kirkpatrick %5 A (2012)f) T4 .

PR IRATIEAE LR s AR B EEE M EIPERE, thin Fqy, BOE ARG . WVFIRATARANIE, 7EfF
EMREE x b, RS I8 ACGE 5 )& 75 LLANER DL 184 288 B 3R1G i Fq 4040 34T
FEM(A, x)AFRS A FEINREE x EIRBIIE5, 1 6 (x)8 AR B 7E x EIHEREZE R

O(x)=M(A,x) —M(B,x) (4.19)

PAVEFIERE T 8 (x)> 0, XFREZH A 70K X L1 Fom TANR DU 26485 . 6 ()RR
N & (effect size), HIAM 8 Fx AIT-LL B 17132 BUNMA 6 BWAE A BT AL — R,

AT AR R E 6 (x)& B NIE? BBEATZFER 7, WATABLA 1 Fq /50 B 5 0.04. 3ATAT
PR E A SIS ? FATART L IR O AR E I x b, A TRERIGFIERE B AT 7R 255 2 25 1 :
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AR, G RIRA S 5 — NI X EAE AN T, B4, AT B RIRH R RIE Ik SAF1E
GBS IR FE R, FRATTIE I A 20k P M R AG 36X — 4
Ho S(x) <0
Hy @ 8(x) >0 (4.20)
% Ho, FRAZB B (null hypothesis), % 6 (x)SZbr EoNfEE, XEWKE A FAL B iF. A
RETIE & 15 7T DL S B HERR AR B, TS S HE Ha, B A SEIE. Ak, FRO160E 7 — AN o5 T A R AE 1)
BENLAR B Xo BLZERRATTIN, QiR TR Ho A2 BB, B4 7R e A A T8 B FRATR LI 6 (x)H
(A REMER 22 K. FRATTE X R AR B Ak A p {H (p-value): B ZAR ¥ Ho N EL, MIa] LLE B E 511 8 ()
B R AR 2R

P(8(X) = 8(x)|Hp is true) @.21)

Pk, ERAREIT, % p EE, ER%E AN BIFMHEN T, RINER 8 )R, WiE 6 (x)
RKMBEEAE x £, AR F2dER g 0.9, i B Fy 21 0.2), MIFRATATRE 2SI, RN
R Ho S2br FoNI, WA TTRER A, BT L p EESRA(UTER A S2Fr EANEL B 47, WA REA XA KK 8).
B, W s (x)AEHE /N, BIE Ho A, 1M H A BASEL B 4, XXFRATRUA E NEr, Bk p s,

—NEEAN p (HERERATN R BN Z AT B FRIEEATTRN, FUbIRAT] LIEL %K.
2 BAR /SR 238 # A8 .05 5101 X AR A/ NIRME .. {8 0.01 &R, W p R ¥ Ho BT FRA TS
Ff 6 MMERR)/NT 0.01, IBATRANPHIELFE R, FHEGX A BT B. AU, WRIBAVERIN 6 H
KT BRERMEZR, BAXAERBIW, “A kB H")e it &2 (statistically significant), KUt AE
Haix N FARIL

AT 5 p AT TR POMEZR 2 7E NLP H, JRATE 5 A 245 FH 8 7T e 20 R 10 17 51 S 50X (91 2 ¢ A
K50 ANOVA). S HCAR N IR B8 158 0 20 A7 (191 0 1E 25k ) B B8, T 0o S 4 3 5 /E FRAT T R e R
BAL. R, 7E NLP A, JETSREE, RATEE A HIES IR AT A T2 RA LR E .
B, a0 RIEATA IR Z AR FNERE x', WA T LR AT XA 8 (X'). X4 T HAT— MR
PUAEFRATT B E — A BE (1 10.01), W SREFRATLE M5 A7 B 3] 99 %6 B 22 (13X Se 3 5 /N T FRAT T 52 21 (1 1
&, B p-value(x)/NT.01(p EABMBES KL 8 )R, BRI EE RK—FEK), IBaATAT
DA AR, FEAE 6 (x)2&— M4 NImiF 25, 10 H A #istt B B4f.

AR WL AES 5 N T NLP: Il BB Al (approximate randomization)fl 5| 5 (bootstrap)
e, AV PR 5F, LRMEKAECT A, X2 NLP s WA . BEXt(paired) il /2
FATLL I B A0 S RSB 1) 705 — SR T LS 5 — SR O 0T o S FRATT7E [A) — DA B L
NRGMVERERT, FARSRAXFMED . FRATATELK R4 A RSN xi ERPERE S R4 B £ — x b
1714 BEFC AT o

4.9.1. EexI51 Szt

5| F:1llif (bootstrap test)(Efron Al Tibshirani, 1993)rI L& F TR EbrvE, MK, 8Kk
F1 2IALESEI R o FH 9 BLEU b5 515 —i$8 2 W E GG I BRAEA B 2 UK E R NAREA, JFit
TR (BN SAEAR) . 51 S IR A B E A FRATT T LE I MO8 21 ) R 4R P B R SRR R B 8 14 22 R U001
WA ZIEURBEREA T ARR Bk

FRE—NEE 10 D STRRIINREE x /NSRRI oRm]. B 4.8 B —AT R T AN 70 2545 (A F B)
FEZMREE R, A SO AR IR AT Be (1 —Fh:(A F1 B #%F, A FI B &%, AXEB i, A%
B X}), - BER IARMT () SR E 2 R85 3 THHRIVE . TR — AT, AR B #5753 T IE#Z(AB),
MRS AN SO, AR T IEMMZE, HBAFEITHIRMZE, N T RsEN, FRAMBRBRATNE iR
SEHERRE, A MIUERGRE & 0.70,B FIHERGEE 2 0.50, ALl § (x)+2 0.20.

BLAEFRATEUE b(F] B8 2 KE 105 LR & xO, KD An=10. K48 4L TILMIT. N
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TR ERIERE xO, FAITEE(n =10 ROMT x FEFE— N BB B ook B, BEalEE—
REFLIRE xR S8 — AN oo, R IRATREIGBENLIE R T x 47 B8 AN S0 AT L AE (A FIRHAL B)
S B IRATEHT ook, FRARER A8 xR AN IeHE, BRRONRIA) x SR FE(FENLIE £R) FR kAT & e,
1 2 3 4 5 6 7 8 9 10 A% B% &()
x AB AR AB AB AR AB AB AB AR AEB .70 .50 .20
) AB AB AB AB AB AB AB AB AB AB .60 .60 .00

x2 AR AB AB AB AB AB AB AB AB AB .60 .70 -.10

+®)
4-8: FECxHY5| S

BlvE: AATHEZIRE x 012 b MyMRE xR, B EHEn = 10 RRXERESMHNRE; Hik, £4
BARRE-—NETE, —MNEEELTEN X, RS XBARBREART EHRNEE, B4, LRHNKETFLR
10 Aorfl, 3 E b A FR A

MAERANTA T b AR, F2tt ke A, FRATAT BAXE A B BRI A RISR TGt 12 F07
AT DATFELIX R AR 3. 7EIX B, FRATT189E Berg-Kirkpatrick 25 A (2012)$& H i A . B Ho(A F-ANEE B 4F),
FATATLATIY 6 (X) (R vF Z MR ) Hm B AR, BN Ho L1 MR % A ANEE B #f
N T AER I EFRA TSR 6 (X)E 22 NI VF, A VAR ARSI T 2E b ANIHASE EXHHIE 6 (xO)- 6 (x)
=0 KPS ILIEATTHEL, R kIHE p-value:

b
p-value(x) = Z 1 (S(x(’“')) —8(x) > O)
=1
B, REAVFZNSE LX) IR E=0 I 7 2 1IE# I (XL A FFATET B), (HXTFRATEIZ
151 IR AN IR A st . AR EATEAT WEMEN 0 1970 A b i BUZ LEREA - BRATTRE S 2 A 453 1
B x QIAEEATH, MELFE A B ZE0.20). Bk, b7 #EmINERATE R K 6 (x)H 22 N1iF,
FAZE b NMAEE EXFHEE 6 (xO0)- 8 (x)= 6 (x)FE BT T4, 8k p-value:

b
p-value(x) = Z 1 (S(x(i)) —d(x) > S(x))

i=1

b
= > 1 (S(x(i)) > 23(x)) (4.22)
i=1

PRI, it anfR3RAT4 10,000 MlAAE xOME(E 0.01, JF HALAE 47 NIHASEH, FATRIN 8 (xO)
=26 (x), WAF2IH) p {H=0.0047 /NT-0.01, F & (X)L ANWVF, FHHTATAT IE 4 THE, I
R AT B.

SRR G FEENE 49 PR EaH T — MRS x, FEAK D, - H5E T b A5 2K E 6 (xO) >
28 ()E . XAE S AR — AR A5 p .
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function BOOTSTRAP(test set x, num of samples &) returns p-value(x)

Calculate 6(x) # how much better does algorithm A do than B on x
§s=0
fori= 1toddo
forj=1tondo # Draw a bootstrap sample x% of size n
Select a member of x at random and add it to x9
Calculate 5(}6(5)2 # how much better does algorithm A do than B on x®)
ses+1if 8(xD) > 28(x)
p-value(x) ~  # on what % of the b samples did algorithm A beat expectations?

return p-value(x) #if very few did, our observed & is probably not accidental

& 4-9: BEX5ISE X
ElJE: Berg-Kirkpatrick % A (2012) 2 GBI 3] 54 i th— MR

4.10. BRHEPHCE

B A B A R T BRI R, IR LR BE AR T AN DU A 2R B, AR T RATE
7E J T B B T oA i HoAh oy 2B R . — 245 R AR B MEA5E (representational harms)(Crawford 2017,
Blodgett % A\ 2020), 1% I I AE 2 BEAR I R G0 1453 , ) a4 i) 67 i A B0 R 7k FEAE
i, Kiritchenko) 1 Mohammad(2018)7EAH [E] 1) ) 1% EAG A [ 200 M&E KM R nItERe, B 7S
— AN IR 35 BN 4 7 (U0 Shaniqua)s— /5 LI RKE 35 B\ 19 4% 5 (0 Stephanie) 2 4h, X464
FHGEMFEI, XA T HUE 5 6 EiTi i) Caliskan 5 A (2017)HF 58 . MATTREL, KEB ARG S A
e % B AL T A IR T BAR RS BRI B 2 iy, X RBOIFELE TR AER R E NS AmiEE R
1E—H I ZIB BN % (Popp 25 A\, 2003).

EHAATES T, SR TR RN SEREREREM AR E, WHERE. fla, FHERN(toxicity
detection) 1) B Z LA/ AT S AMMIR F 10 FERF. WRIREELMM R BTG S TS . REHEsK
S EH bR RO fE T, (AR KA S R aE . wlln, WA RRE, —L A
(1 7 R AR MK AR IC N E B A B0 7, (HOGR ADEOE R Sy, Bl £tk (Park %5 A, 2018).
B A (Hutchinson %5 A\, 2020)ak [ 14753 (Dixon 6 N\, 2018), B3 T i FH AE 5 35 B\ 11136 915 S5 A
(115 5 RH1IE (Sap 25\ 2019, Davidson %5 A 2019). QS Se i BH 45 R 4 S A I R A TERA NN IRE
MG OL AR, AT R S BUX e NBE a6 NG TE 1 A .

XA ] R AT B8 I SR i e = B R S s 8, MLE RS RASEHIERBOR
HINGEAR P 2. H2, X5 @ nT a2l MR RSB I, B ABFRERmMZE). BT
fEF B BRI (B aniall, SRR AR E an TN GRIIRON )« 2 R A A 2R &5 ) (51 G A B A I i AR AL 1T )
JRUE Pl X e g 22 (9 T, 38 AT 40 BRI R R YR ) e — AN E B S A, (B RATT H AT T — AR Ty
%o Bk, FETINATAT NLP SR, B2 EE SO SE R 3 H FRE e AT — P sl oy vk 2 B (1)
B RA R AR E (model card)(Mitchell 25 A, 2019), iZFidsk I HLge2E IR, Hh &L FER:

[ RPN 2

“YNGRBAEIR . BHHLFN T AL FE

VAL BAEIR . BRI AL FE

TR A AR

BEAN RN 53 15 S sl A R R R PR IR S A A
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4.11. 245

AENG TR I (Naive Bayes) 7-RIEA, JF4H N T8 (10 3CA K5 -

VLG F RBAES T B R RIS

AT, BB SCAN—DMERIES A, GFEHFRAT. SR BRI 5 5 P
H A RSEAESS -

AT A7 S S WA 3 0 RE 8508 G ik R AR B AR 16T 7 (1R K)o

AhE DU —F AR gAY, BT T (make) SRR (RLETCR) RIS (45 € 30 1
FRAALE SR AT B RST) .

 BA TAEACRFE R RN 2R DU Hir 0P V7 22 SOA I AT 55 A 2

JE T RGN H B Z0 3 R AR B AT VP A

AR IR . TR GRS, BLFRAE I 208 b i 32 UBRHEE -

© N AZ S I GE T 30 25 A 90 R 2 AT 152 75 AT LARAS — >0 KA AL T 55— LA .

* O3 FEER BT AT AN FEAR AL VT R ) & T (B G VISR AL AR AL ), FF AR R R i A
R

4.12. Xgh#Ah SRR

2 AN 2 UL S0 A4 252 B RAND A & 19 Maron(1961)42 th i1, FH T 30 T4 B2 40 e 32 52K )
A RS 5N T A SCH H AR AU KB R A, 0 PR SN LR I — A 2T %%, RS T
add- & P AL 15 B B RHE R

2 DU H4 £ 2% AL e ST ABBE AR DL 307 SCAR 20 A ) L ABBLT- E 4 2 Wk B 7E Maron 1118 SCR R 1 [H] —
fE, Minsky(1961) £ i T — A B T #0 5E F0 36 Al A % &% i 81 b 28 DU 37 23 2K 38, Mosteller 1
Wallace(1963) 44 DU 4 AR B TR H @ I SCAR - KBRS H . AMTEiA1E, Alexander Hamilton,
John Jay, #l James Madison 7t 1787-1788 -85 | [ 4 KRG NS, iR Lt L E 5212 .
IR, REIX 85 ik A — e AR AR MEE T, (HA 12 HH{E# 7E Hamilton Al Madison 2
B 77 7E 4 . Mosteller il Wallace(1963)¥l1%k 7 Hamilton 5 1 (1) D1 - i 2 4 78 il Madison 5 75 1) 5 —
AR, SRIGTHR T R — A U SCE AR T REVE S - Heckerman 25 A\ (1998) B VK Ak 25 D117 182
T SR PR AS I

Metsis %5 A (2006), Pang %% A (2002), LLK Wang 1 Manning(2012)Z 8, 1 ] 22 5 20 Ab 2 DL 2
(A 7R M LA SE BT R B . e 2 WA 28 DU ST B 22 5 5 — Rt B R (AR 2R
T AH TRV 22 T S5 R Fh 2% DU 30 o AR 250 A8 B S T P(wle) A a & ARIE SR 4, FIFEHE— AR
TE R BAE SR M . McCallum il Nigam(1998) LA & Wang Al Manning(2012)% 1, 7£ 17 /8 ak H At
SCAATS R, A E DU ) 2 e SRR = FEAME 2 TR TR 28

A ST SRR T T 2P SCAR IS HAT S . 15 B i M. Pang 1 Lee (2008), Liu F1 Zhang(2012).
Stamatatos(2009)ii & 1 1f# 9 J& Hi% . < T 5 iR % W Jauhiainen %5 A (2018);Jaech 55 A (2016)& —1>
HER)RIIZE RS0 SR R GIE S 40 AR SCAR 7 SRR I 4], 2T 6% +£-21578 [
I EE A . 20 Manning %5 A (2008) /11 Aggarwal Fll Zhai(2012)5 T 3CA e IR, — ki, #l
PESTHRE RS T 4025 (Hastie 28 A\ 2001, Witten #11 Frank 2005, Bishop 2006, Murphy 2012).

THE G B HESHUTEAE MUC SE38H 5 IXALE NLP i H (Chinchor 48 A, 1993), #5178
15 1R A T3 F (Gillick #11 Cox 1989, Bisani #1 Ney 2004). FAITx E 24 (4R 5% T Berg-Kirkpatrick 2%
N(2012)HIR o Filr (1) TAE F EAE F7E Z AN IMREE R 2 /> B & (Segaard %5 A\ 2014, Dror %5\ 2017).

FRIEIE PR — R B A K AT REAR I MRS I RRIE I 5 v o RRAE S8 1 AR A X 2 U S 115 B B R HE
FPi . — AR W0 SR, (583, HURRATIXAMA MBS T 312 D005 BRAENIE A2,
HABSRAE R BB bR A5 ¢ 2. B 5 TS B AL B (GINNTE ;2 W, Yang Hil Pedersen(1997) (0 L%, LA K
Guyon #i1 Elisseeff(2003) % FFE L B I 41 -
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4.13. 3

4.1 Assume the following likelihoods for each word being part of a positive or negative movie review, and equal
prior probabilities for each class.

pos neg
I 0.09 0.16
always 0.07 0.06
like 0.29 0.06
foreign 0.04 0.15
films 0.08 0.11

What class will Naive bayes assign to the sentence “I always like foreign films.” ?
4.2 Given the following short movie reviews, each labeled with a genre, either comedy or action:
1. fun, couple, love, love comedy

2. fast, furious, shoot action

3. couple, fly, fast, fun, fun comedy

4. furious, shoot, shoot, fun action

5. fly, fast, shoot, love action

and a new document D:

fast, couple, shoot, fly

compute the most likely class for D. Assume a naive Bayes classifier and use
add-1 smoothing for the likelihoods.

4.3 Train two models, multinomial naive Bayes and binarized naive Bayes, both
with add-1 smoothing, on the following document counts for key sentiment

words, with positive or negative class assigned as noted.

doc “good”™ “poor” “great” (class)

di.. 3 0 3 pos
d2. 0 | 2 pos
di. 1 3 0 neg
d4. 1 3 2 neg
ds. 0 2 0 neg

Use both naive Bayes models to assign a class (pos or neg) to this sentence:

A good, good plot and great characters, but poor acting.

Recall from page 60 that with naive Bayes text classification, we simply ignore (throw out) any word that never
occurred in the training document. (We don’ t throw out words that appear in some classes but not others; that’” s

what add-one smoothing is for.) Do the two models agree or disagree?
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