1 s BR (4 B A1 101 B e =

EhihRIE

R ERTE
WRFERMNERRET naive bayes FIH¥HTHELM. MENBIRNHEENRE, HE
EEFNHHAR.

P(d|c)P(c)

Pleld) = — s

BIVEBHN— P BT ENE, — MBS ETERAN BTSN LR, ASBEE
BAHIRAITE XA SR BIES, TIHE— XA a PHEIEAD class MMBRATEE NHETA
R RARIER: BTATRORA, RNTUTELEP(C), ENEIEAclasstIFEAP(d|c), BIEA
BT E A class, ERFENREAMIEE,

XS AHAHITHIAI D RAIET R, BATRIUSFEIP(ARIKRAE, EAREZXERE T RREM T2
IEEERE, P(AFHARKE,

P(d|e)P(c)

Py

C = argmax{

C = argmaz{P(d|c)P(c)}

BRI REXEHIMAERS, FXIER TAE—RHBEEERITFS T RENES
C = argmaz{P(z1,zy...x,|c)P(c)}
NEZER, FATPTUERNIRI MR, BIECAIXMHEFTEERZ/E, BIFENRIE e, HBERA
Mz BB E AT,
C = argmaz{P(z1|c)P(z2|c). .. P(z,|c)P(c)}

NTBRFRERmE, B NEIRogizBR[RIMNLNF,

C = argmazx{logP(c) + ZlogP zilc)}

MEEX NN F, BATAILUEAR MM E AR R =787

1. TTESpamif4EiE Numberofspam , HamMP4£{E NumberofHam
2. ITESpamiBFPHIMNRIFw;, MRETBRIFw; HBUREK,
3. iTBP(c)MlogP(z;|c), AR logtahn, KEMEHZFAMET,

BIEABE



o AHHYS train XHRHATEIEER, EATI, map reduce HITRELILK
o AMNBIIZERMRES, REUINNE, EEEDR., FTENFUMSER

—. 8RR

o EARHE: ARMBEMEERERY, FHTERERNER

o EMFSREEIELA subject:

FREMNEBRXERRAERS

FFEN#1THE

EREKENFINEE ARIRE)

FUR python nitk B3REVERIESIER, EREBEHFREHETE

FE python nltk, #TiEMEEE (lemmatize) SIFRER (stem) , XFFHAREERS
TRERM, BATEESERDTHER

O O O O O

from nltk.stem import WordNetLemmatizer

from nltk.stem import PorterStemmer

from nltk.corpus import stopwords

## ERETIR

en_stopwords = stopwords.words("english")

## 184EIRR

lemmatizer = WordNetLemmatizer()

## 1IIRIEIR

stemmer = PorterStemmer()

## AT ERFSHENRAR

pattern = re.compile(
r"[\s+\.\I\/_,$8 % (+\"\ ") 14| [+—()2 [] “7!1 , . 2 ( ~@#¥%...&* () ]+")

## ZEbRsubject BN ERFABMRRTS

file = re.sub(pattern, " ", file[8:].lower())

words_list = re.split(r"\s", file)

clean list = [lemmatizer.lemmatize(word) for word in words_ list if not
is noise(word) ]

clean file = " ".join(clean_list)

## BEIXMH, BHXH map reduce EIHIERA

with open(out_path, "a") as outfile:

outfile.write(tag + " " + clean file + "\n")

—

— . model training

IEWREREBNEME, BRINIGEEEER3T job XM,

FoRE—TmainkRkEL, FHAIFIH GenericOptionsParser BEEN A LTS, lﬁﬁ'ﬁ_/l\JObE{]Eﬁ
NHH R,



String[] otherArgs = (new GenericOptionsParser (conf,
args)).getRemainingArgs();

String inPath = otherArgs[0];

String joblOutPath = otherArgs[1l];

String job2OutPath = otherArgs[2];

String countjobOutPath = otherArgs[3];

String job30OutPath = otherArgs[4];

ORIETT job RERER, HWMEETBITMRIN, HEBFRE.

if (Jobl(inPath, joblOutPath) && Job2(inPath, job20utPath) &&
CountJob(job20utPath, countjobOutPath)
&& Job3(joblOutPath, job20utPath, countjobOutPath, job3OutPath)) {
System.out.println("## All jobs has finished!");
System.exit (0);
} else {
System.out.println("## Failed!");
System.exit(1l);

Job1iTHHR SR AV ERIAEL

job 189 map FrER:

HAvalue: Ejl + UEHEDFFRIRIE

Tf5l: h good great ...

B8 BETREEFNEES T, THENXENRENE
Hitkey: BiEMES] h or s

Hidivalue: BRIFEE

FEHMA value.tostring().split(" ") X PTEREUSENBISIAENTETRIRTE, MBIEXAE
PRARERIEHE.

AN TR



public void map(Object key, Text value, Context context) throws

IOException, InterruptedException {

String[] fields = value.toString().split(" ");
String Class = fields[O0];
int num_words = 0;

num words = fields.length - 1;

// example:
// key: h
// value: 127

context.write(new Text(Class), new IntWritable(num words));

job1 B9 reduce BHEL:

THEE— RN E B 82
HWitkey: £5lh or s
value: ZEFIRIEMEERE + B19E : 20 2000

FEFA for (IntWritable num : values) for fEIRRITEIE— key BB ERIFEFIMRAER
EQ

NN TR

public void reduce(Text key, Iterable<IntWritable> values, Context context)

throws IOException, InterruptedException {

int class_num words = 0

7
int class _num emails = 0;

for (IntWritable num : values) {
class _num words += num.get();

class_num _emails++;

String result = Integer.toString(class_num words) + " " +
Integer.toString(class_num emails);

// example:

// key: h

// value: 1324 34505

context.write(key, new Text(result));

job2: itES T RIEAHMATERH 2B



job2 B9 map MHER:

BAvalue: Xt (3 + A= FFRIEIE)

FIBTANEREFRYZEE!L, $EspamflhamX X7 FF

Hitkey: 8—18iF

Hittivalue: FRIBXMHRE, E—THFRIRBETEREG, B THFHIRARTEIRBH
w0 1 REFIZERH BT ER

FEFMA value.tostring().split(" ") REGMEANABITRRIENA, HHE— XA
h_count s_count , HHETEIFRIIMNA h_count I s_count .

AN R

public void map(Object key, Text value, Context context) throws
IOException, InterruptedException {

String[] fields = wvalue.toString().split(" ");
0;

int h_count

int s_count = 0;

if (fields[0].equals("h"))
h count++;

else

s_count++;

// ME—IFa
for (int i = 1; i < fields.length; i++) {
String output value = Integer.toString(h count) + " " +

Integer.toString(s_count);

context.write(new Text(fields[i]), new Text(output value));

job2#greduceER:

Bmaph HEIFRFE~0 178N, NNEBFAMENTEENZRENN I Ehanf]spamf MM EREE
Mt key: Eid
Wdvalue: XBHIMAIhamifEEE + spamiifE-EE

O :

public void reduce(Text key, Iterable<Text> values, Context context) throws
IOException, InterruptedException {
int ham count = 0;

int spam count = 0;

for (Text value : values) {



String line = value.toString();
String[] count in class = line.split(" ");
ham count += Integer.parselInt(count_in class[0]);
spam_count += Integer.parselnt(count in class[1l]);
}
String output value = Integer.toString(ham count) + " " +

Integer.toString(spam count);

context.write(key, new Text(output_value));

Countjob

countjobSLF2Job2BIMIE, 1ZUJob2itt, EERRICRBINXHRPT—HFNRIEDEN,

int numberOfUniqueWords = 0;
for (IntWritable value : values) {

numberOfUniqueWords++;

job3itE =

Job3 fimapperB—1 setup R, ETERRITEMPHAIFTIMER logP(Class = Ham) 5
logP(Class = Spam)

Integer totalMails = numberOfHams + numberOfSpams;
Double logHamPrior = Math.log((double) (numberOfHams) / (double)
(totalMails));

Double logSpamPrior = Math.log((double) (numberOfSpams) / (double)
(totalMails));

job3#9 map BHER:

FEBIRESITNERITEN ST RI1Ew, KR log(P(w;|C = Ham))
log(P(w;|C = Spam))

public void map(Object key, Text value, Context context) throws
IOException, InterruptedException {
StringTokenizer valueTokenizer = new StringTokenizer (value.toString());
// The while loop is supposed to loop exactly 3 times
// The first time to parse the count in ham, the second to parse the
count in
int countInHam = 0, countInSpam = 0;
int iterationCounter = 0;
String[] splittedStrings = value.toString().split("\\s+");
if (splittedStrings.length != 3) {



throw new IOException("There should be two numbers in value field,

but more are provided.");

}

// parse some parameters

String word = splittedStrings[0];

countInHam = Integer.valueOf(splittedStrings[1]);

countInSpam = Integer.valueOf(splittedStrings[2]);

Integer totallItems = numberOfUniqueWords;

Double logHamProbability = Math.log((double) (countInHam + 1) /
(double) (numberOfWordsInHam + totalItems));

Double logSpamProbability = Math

.log((double) (countInSpam + 1) / (double) (numberOfWordsInSpam +

totallItems));

Text text = new Text(String.valueOf(logHamProbability) + " " +
String.valueOf (logSpamProbability));

context.write(new Text(word), text);

job3 A9 reduce MrERE#1ES map B key, value FHil, &&%HHXHEIAIIZIFAT model,
REME
B ZBAvIIgR, SR T L ER A EE S £AY Naive Bayes &R, A MERIU FRUBINHI T
H:

-0.707216549518245 -0.6792730155238255 131567 2229642 1797187

aa -13.576072045294508 -13.373772467871296
aaa -11.902095611722835 -11.10508892655293

aaaa -14.674684333962617 -13.373772467871296
aaaacy -14.674684333962617 -13.77923757597946

B—1TELATEF, 232 logP(C = Ham) M logP(C = Spam), UniqueCount (H¥KIE FHY
BIEEEN) . h_count (BEIEHamERFERFIBERIFEE) . s_count (HENTESpamHibfFEFFHE S
WHEE)

MEZTHEDAIZRERE, MU P(w;|C = Ham) fl P(w;|C = Spam)

. =B
1E@KsubjectiX&E

o EMER: ALTEHESET, B—HMAHEECHER, ETEEHRTFERAI—HERHY
M, FRENGEEAENNEEAMN feature, LA FXEIACEANIINE, VMEESTE test &
EIRSEFHIRR

o MBI EHERIEEIRED, if subject FRUREEE R kIR, MEREKIT LRI

o LR FEEM, Ek=[220NXEA, KE—TKEFAILERELT.



stemming / lemmatizing

EHATEURIRRAEREDR, BN TAMEIERNTGIE, —= lemmatize (FMER), stem
(EHRE[R)

® stem

stem LEIRE AR, EEA1A nltk, #1T stemming 2/5, RINEZIEHE & LERMTREH—
MaER, FlFaT

produces produc
produced produc
productive product
producing produc

productivity product

® |emmatize

lemmatize BEREMEIE, RHTEREEER

produces produce
produced produced
productive productive
producing producing

productivity productivity
BT nltk.pos_tag() FILAARIEANAEMAIER

produces produce
produced produce
productive productive
producing produce

productivity productivity

o MERFE, lemmatize HEELL stemming §—mm, REAH(VERZIEE T #1T lemmatize
AOIEE

AdaBoost

Adaptive Boost RN ERNEEEI LA, EREBNIGEESHITEEN, Bk,
Adaptive Boost BESSHF 2 BRI D Ka3tmIR D KIF AR AN T —1 K=, KLIRMA, Adaptive
Boost HIEASRAB S LIIIMEHIER, HEEMMNDELBREMEIRATEE, hEBEIRES
REVRINMR . X T Adaptive Boost WA, FAIZE T Qing Liu BUERRTIZE, FHEMILLIN
BRMETHITT M. BRI Adaptive Boost EHEIXHIZB AN TFRESHIRFER
R, BRMMRRAALREXZEFICR.



https://github.com/SunnyMarkLiu/Naive_Bayes_Meet_Adaboost

MERERIRIE, Adaptive Boost @id il T LFRE X T A ERBRBIRER A LR : Bid
Naive Bayes 75 iA&3R1SMIME X B RS T BN AT CEEFBER S R IAERE, BER
FFRhENSENEEREBNNE, (UETEHIREHTHENATN; 7 Adaptive Boost @i ¥
SRR R BITEY | SR EE S LN IRAVER(E, T FERD RIARERINE, DALLIEREGEHITER—DH
X%, J7 LW Adaptive Boost, FATEELIMIUT/LMHE:

B — 1M KEEFT Naive Bayes iEREBTHINFIRHMBMEIZE 1 EANERE w

o TEIIZEUES LG TRE, FREFINE RN X AR S UREIRNERER D EAPNEIRHTER 2
=«

o Xfw HITRAE: MFNERMXXEFHNES DRI, KIBEIRIOME Db (spam IRH/ ham /
ham IRZ A spam) FE w PEIENIT w; = w; + f(a,b), fERBATESRBINEMNRER
BREEH—DITL

o TEFNIFER, XITF spam HIFIRTBEE T INIEN SLIFHIINE

o BEEVHISBLATERN, UEBEIEREHREEK

N7 EERIPE b HATHERR, BAISIARIERE §,

5 { 1 mispredict ham as spam
b pr—

1 maspredict spam as ham
EUAREY F, BAREABREEEN T f AREDASOEORERDIZE £, B 1= T —EM0%, BERR
REENVISLEABAEAY Naive Bayes A SAERER, UTHAIFHITA—LERR:
IEEINERE
BNNERZRER THNNSERS, ERNMTHARNINEHTEE:

Flanb) = 2

w;

A, BEMRBRESERTERANPNERRERZE o, BRI o WEERNENERUSEA=D
HER, XTHRERNBFHIERERULBEREMIGE, MERERMIETX—R: FITE
IFHILT overflow, #EXAVEFRRIEKEIT 70% T, BHMHEITSBELIHELHITEZHME,

BENERR

FEUE D, BINEE—FMRAESR, ZHiE o OME: BEERIRE iteration HHBTEDK
step , f fiIREANATHI:

fayb) = &, - step

FEEMERDREF, FHAMEM Python B9 min F max FERESRERNARERERFINEN
RAEMSZIVE, BIIMWIRT iteration 73, 5. 10 KIER, EMIBR T FEIDTE 85% A&
A, BESHNERREARSTETREZNNE, REBMIESHENTERE.

Sigmoid I EiRE

HTFEZAINEEPEHLRI T KREANNEQEPLIMRHE (FTERERATHRER) WIER,
(LM sigmoid RBIMNERTSENDE, LEFRE—TSENXEL, BN, BiMHESIA
afER—12R, B, HIMERUTHANATNEER:

.f(a’b) :5b'a



B, AR —HEAHELRERIMHE FRNERBSIRIRESR, FNPETELRNREHTEREMN f(a,d)
Ay sigmoid REE, MAZERMN f(,b) &5, BN

2c
1+ e flabd)

+c)

Email =p-(

HPM c BFRRFATIRETH f(o, b) MXESEE, EXRPHENMBIBERYN c #TENEREE, &
EYROER{EEI4E 10, 40, 50, 80, {FALLAEREBNERBET T ZRINMM AL, HREREEER
{EFRELER Naive Bayes FiERISHER, BEZETE Spam Precision EEFmBHE, AZI7T 99.25%, {8
&, UEAIEE Ham Precision BIE (K& 96%) , HEREEERREBAROEMN, M MERZONE

B, BRI, WWHEEATA Naive Bayes 7%,

SRR, FA7E Adaptive Boost EREIAERRINIPHIRE SEREBSRE MR, (EBRTH
MRS ENER, FHAMKATHERR Adaptive Boost BEGS1EN Naive Bayes IRE—NEEMR LS
CESEI:ER

Feature Selection

TEARE YD, BA1ERX T —MEHE Adaptive Boost fIBA8HTA A Feature Selection 3%, Zid—
ERIAR, BUSTEMHEIESE L 20% MEIRE TR, {189 Feature Selection B4 2 181D Bl EitE
BEINGHESE L RENERMBAESEN, HEILEMUTRMERIRL:

o BMEEFATENRIEAESZ: MENIENIREMELT (B0 seminar) | SRR IRER
HIEC (5140 credit) AR AMEEBC (U240 christmas)

o WTFRLNMIEL, AR AERIEREEM XA EHRS, I christmas FELIRER
IR, B RFFABELIRE N HR A R RIS

AEME T U ENFMRIRZE, BAE TRETINERRNER: T 2Rl EiRaEE R A E
IR RMENC P INERR, BTN 2 BIXEIECRFE, ¥R Laplace Smooth &,

IEHNENGFE LETIINER, ARNGERBTEILERT, Bflah T AN EIREME R L
HMpEIE, HARBELIURBHTEFRR, UTEMHER:

com 346

please 171

http 130
service 114
www 112

free 109
information 109
get 109

time 101

register 99

FEEXRMIEA, FABEET LSRR 100 78, HNZEREERFETER: T SHNTEE a8
i\, MREBTHMNGHNECIIR, WIEESIFRMER Laplace Smooth #TE. XM IEAER
AR ERERA TR . ZENTRF, HNEZHXNEMFIRENHRERTHE, URER
MERFIHAFIR P ERFIRERENIEFEFAENELC (BI20 seminar B¢ credit) , &£, BfIER
BX 751d), H#TIEPMEICERIFE TIRE T BRIl SRR L RS ERZR: 99 %,



AL RS

REBENAMERIES, EXMREDIAIIANTR=REAUF B AEIES, ERERmAT
HEE, XTREEBAE test SLRIAY, ERERLNNE LERERNKRI.

. BRETR

X RIRERHE#IT D RO R, AERETESBERBEBINE RRIRERME, (BxF & RRERH AL
NENZBAFIUNREZ ., AAEEAMNEEBERX/LTER, —T2EMBE (precision) , —1E&ME
R (recall) , BEMNATUEZZMMENFANERTAZIRM, ANEE -8R, SE 7T /HERR
MBEE, BZEHWANFL,

TR

TR ERTE D KO PIE N R TN A ERAE AT, SEFRAIERAR GEER, TERRERE 55 2E)
B, AIBUARZ IR BIREREAIEARF, STERARIRERMEAILERI. RS AERERERE X RIRER
AR D

o 57 9% 66 4 2% B
Percision =

WM R R BE
BEE

recallfE D K RIAPIENZEMMBREFSE, FUNNIENFEASERFT S, ERREBHESKE-H,
BATRI LU BRI R AR TN IEFRROEE B . 3RS R O 2R 17 BRI R 4 H I AE IE BB R AR AR

)Y
D,

M 9 B3R 6 A &9 BB

recall =
bl g R C N

F1#E#R

P (B? + 1) * precision  recall

32 x precision + recall

2 x precision * recall

ML =1 F =

precision + recall

e Model 1

o train _E lemmatize Z5il|ZH9tEEL

Summary:

ham mispredicted as spam: 29

spam mispredicted as ham: 23

ham precision: 0.9885 ham recall: 0.9855

spam precision: 0.9855 spam recall: 0.9885
ham_f: 0.987

spam_f: 0.987

Running time: 0.5226 seconds.




e Model 2

o train £ lemmatize #3#1T feature selection

Summary:

ham mispredicted as spam: 24

spam mispredicted as ham: 21

ham precision: 0.9895 ham recall: 0.988

spam precision: 0.988 spam recall: 0.9895
ham_f: 0.9887

spam_f: 0.9888

Running time: 0.4902 seconds.

e Model 3
o MMAHIBEBENEE

Summary:

ham mispredicted as spam: 20

spam mispredicted as ham: 136

ham precision: 0.9357 ham recall: 0.99
spam precision: 0.9894 spam recall: 0.932
ham_f: 0.9621

spam_f: 0.9598

Running time: 0.5034 seconds.

e Model 4

o train @17 stemming

Summary:

ham mispredicted as spam: 30

spam mispredicted as ham: 25

ham precision: 0.9875 ham recall: 0.985

spam precision: 0.985 spam recall: 0.9875
ham_f: 0.9862

spam_f: 0.9863

Running time: 0.4673 seconds.

I master e
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