2.1

javatext.Breaklterator Breaklterator.getSentencel nstance
Breaklterator
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Il

Br eakl t er at or boundary = Breakl t er at or. get Sent encel nst ance( Local e. CHI NESE) ;
/1

boundary. set Text (st ri ngToExam ne) ;

int start = boundary.first(); //

for (int end = boundary.next(); end != Breaklterator. DONE
start = end, end = boundary.next()) {
/1l

System out . println(stringToExan ne. substring(start, end));

2.2

JSGF(Java Speech Grammar Format)
JSGF
#JSGF version char-encoding locale
#JSGF V1.0 1S08859-5 en

grammar gr ammar Nane;

publ i ¢ <rul eNane> = rul eExpansi on;
greet
public <greet> = Hell o;

public <greet> = Hell o;
public <conpl eteGeet> = <greet> Wrl d;

““Hello World~~
#JSGF V1. 0;

gramrar si npl eExanpl e;
public <greet> = Hell o;

public <conpleteGeet> = <greet> Wrl d;

/1

s &/
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| **

*

* @ut hor | uogang

*/

JSGFKit(https://github.com/ExpandingDev/JSGFKit) JSGF
JSGFKit Grammar JSGFKit

G ammar g = new G amar () ;

11 Rul e

Rul e greetRule = new Rul e("greet”,

new Requi r edG oupi ng( new Rul eRef erence("greetWrd")),

new Requi r edG oupi ng( new Rul eRef erence("nanme")));
Il
g. addRul e(greet Rul e);
g. addRul e(new Rul e("greet Wrd",

new Al ternati veSet (new Token("hello0"), new Token("hi"))));

g. addRul e( new Rul e( " nane",

new Al ternati veSet (new Token("peter"), new Token("john"),

new Token("mary"), new Token("anna"))));

String text = g.conpil eG anmar();
System out. println(text);

#JSGF V1.0 UTF-8 zh;

grammar defaul t;

public <greet> = (<greetWrd>) (<nanme>);
public <greetWrd> = hello | hi;

public <name> = peter | john | mary | anna;

2.3
\w \w+
Nodepad++
java.util.regex Pattern
Matcher Peattern
matcher Matcher
String exanple = "This is ny small exanpl e string which |I’'mgoing to use for

pattern matching.";
Pattern pattern
Mat cher mat cher
Il
while (matcher.find()) {
System out. print (" " + matcher.start());

Pattern. conpil e("\\w+");
pattern. mat cher (exanpl e) ;

-25.
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System out. print (" : " + matcher.end() + " ");
System out . pri ntl n(nmat cher. group());
}
E-mail

VW@ \ W L\ ] +

luogang@lietu.com

cerr €e7? zhangshna.Mr@163.com @
E-mail
String mail To = "abc@i na. comcn";
System out. println(nail To. matches( "[\\W.-]]+@\\W . -]+ \.[\\w+" )); //
true
dk.brics.automaton(http://www.brics.dk/
automaton/) BasicAutomata.makeChar

Aut omat on a = Basi cAut onat a. makeChar (' W) ; /1 w
repeat A Z
Aut omat on a = Basi cAut onat a. makeChar Range(' A', 'Z');
Aut omat on ¢ = Basi cOperations.repeat(a,1); I

System out . printl n(Basi cOperations.run(c, "WN)); // true
System out . printl n(Basi cQperations.run(c, "WW)); // true
BasicOperations.concatenate

Aut omat on a = Basi cAut omat a. makeChar Range(' A", 'Z');
Aut omat on b = Basi cAut omat a. makeChar (' @) ;

Aut omat on ¢ = Basi cOperati ons. concatenate(a, b);

System out . printl n(Basi cOperations.run(c, "A@)); // true
Syst em out . printl n(Basi cOperations.run(c, "AW)); // fal se

Automaton

Aut omat on num = Aut omat on. mi ni m ze((new RegExp("[0-9] +")).toAutomaton());
System out . printl n(Basi cOperations.run(num "12356756700")); // true

(?<=X) X, X

"http://" <=http://
Il "http://"
Pattern pat = Pattern.conpile( "(?<=http://)\\S+" );

-26-



Stringstr ="The Java2s website can be found at http://ww.java2s.com There,

you can find sone Java exanples.";

Mat cher mat cher = pat. mat cher (str);
while (matcher.find())
Systemout.println(":" + matcher.group() + ":");

String pageContents = "<a href=\"http://ww.lietu.com"> </ a>";

Pattern p = Pattern. conpil e("<a\\s+href\\s*=\\sx\"2(. . *?)[\"|>]",

Pat t ern. CASE_| NSENSI TI VE) ; //
Mat cher m = p. mat cher (pageCont ent s) ;
while (mfind()) {//
String link = mgroup(1).trin();
System out. println(link);

}

<a href="http://ww.lietu.com > </ a>

"<a\\ s+href\\s*=\\s*[\"| '] 2(. *2) [\ "]\ >] "

“<2009-12-6>~

Pattern p = Pattern.conpile("\\d{2,4}-\\d{1,2}-\\d{1,2}");
Mat cher m = p. mat cher (i nput Str) ;
if(mfind()){
String strDate = m group();
}

<\d{ 2,4} \{ 1,2} \d{ 1,2} **
Wd{1,2} Wd{1,2} ** <<\ 2,41\ 1,2\ N\ 2,4} >~

2.4

“<\d{2,4}

.27 -
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24.1

String text =" "

Segnment er seg = new Segnenter (text); Il

String word; Il

while ((word = seg.nextWord()) != null){ /1

System out . pri ntl n(word); /1
b
a n v 2-1
2-1
a /d la  lu
ad /d N /ad v w
ag v lag /n
an /n lu /a n Ic /n /u /an w
b /b /n /nr /nr
c /n Ic /n /a /n /n
d If /n If /d v u
dg v /d /dg la lu Inz v /n w
e le Iw
f Ip /m la q /n If v /u
9 dg &g
h It Ir /h /n /u /n
i I /n /i u /n Iw
i /ad v /i lu /vn
k /n la  lu /d N K
| N v n /n /n lu /a
N w

m /n v /m n
n v /n Ip /n /vn
ng /d v /ng v
nr Int /n /nr Inr
ns /ns /n Ivn /n /a
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nt [ /n /n Ins Nl /n]nt
nx ATM/nx /n
nz Inz /n
o /o /u v v
p Ip /n v w
q v /m /q lu v w
r Ir /n
S v Is w
t It /n /n /n
tg Itg Itg /d /a
u Ivn /u /n
ud I\ /n N /ud /n
ug Ir v /ug v
uj v v /n uj /a /n
ul v /ul
uv Nl Juv v la  lu /n
uz v Juz
% v /a /n vn /n
vd Ivd v
vg v g /j v /n /vn
vn /n Ir /n /vn /n Iw
w v /u 5G/Inx /w 8G/nx /K /n /n
X v /u 5G/Inx /w 8G/nx /K /n /n
y /d  30/m /m q ly w
/n Iz la Iw
“ d N /n

N N N Im g7

String text =" "

Wor dToken[] tokens = Sent Processor.tag(text);

System out. println("
for (WordToken w :

Dk

t okens) {
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Systemout.println(w tern()+"|"+w. type());

}

24.2

2-1

I/

NULL

-30-
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Segmenter nextWord
text offset

public class Segnenter {
String text = null; //
int offset; //

public Segmenter(String text) {
this.text = text; //

offset = 0; //
}

public String nextWord() { // nul
Il

Apache Commons Configuration
build.gradle

dependenci es {

conpil e group: 'org.apache.conmmons', nane: 'conmons-configuration2'
version: '2. 4

conpi |l e group: 'commons-beanutils', name: 'commons-beanutils', version
'1.9.3

}

Configurations configs = new Configurations();

Configuration config = configs.properties(new File("config.properties"));
String dicDir = config.getString("dicDir"); [/

System out . println(dicDir)

2.4.3

““Twitter Twitter#Music” ““Twitter”~
Twitter [ATM ]

= ‘007,,
“<0078999~"
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Aut omat on num = Basi cAut omat a. nekeChar Range(' 0", '9').repeat(1);
num det erm ni ze(); //

num ni ni m ze(); //

Aut omat on | ower Case = Basi cAut onat a. mekeChar Range('a', 'z');
Aut omat on upper Case = Basi cAut omat a. makeChar Range(' A", 'Z');
Aut omat on ¢ = Basi cOperati ons. uni on(| ower Case, upper Case);
Aut omat on english = c.repeat(1);

engl i sh. det er m ni ze();

engl i sh. mnimze();

Aut omat on a
Aut omat on b

Basi cAut omat a. makeChar Range(' 0', '9');
a.repeat (2,4);

Aut omat on year Unit = Basi cAut omat a. makeChar (' ');
Aut omat on year Num = Basi cOperati ons. concat enate(b, yearUnit);
Aut omat on nonUnit = Basi cAut omat a. makeChar (' ');

Aut omat on t woNum = a. repeat (1, 2);
Aut omat on nonNum = Basi cOper ati ons. concat enat e(t wNum nonUnit);
Aut omat on year Wt hMon = Basi cOper ati ons. concat enat e( year Num nonNunj ;

Aut omat on dayUnit = Basi cAut omat a. makeChar (' ');

Aut omat on dayNum = Basi cOper ati ons. concat enat e(t woNum dayUnit);
Aut omat on year MonDay = Basi cOper ati ons. concat enat e(year Wt hivbn,
dayNum optional ());

Aut omat on fi nal Dat e = Basi cOper ati ons. uni on(year Num year MonDay) ;
final Dat e. det ermi ni ze() ;

Automaton

public static FST createDate() throws Exception {
Aut omat on dat eAut omat on = Aut omat onFact ory. get CnDat e() ;
FST fstDate = new FST(dat eAutomaton, "t"); //
return fstDate;

public static FST createAll ()throws Exception {
FST dateFST = createDate(); //
FST sinpl eFST = createSinple(); //

FSTUni on uni on = new FSTUni on(dat eFST, si npl eFST) ;
return union. union();
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SplitPoints
public class SplitPoints {
public BitSet endPoints; [/
public BitSet startPoints; /1

publ i ¢ HashSet <POSType>[] at onPCS;

public SplitPoints(int senLen) {

endPoi nts = new Bit Set (senLen); /1
startPoints = new BitSet(senLen); [/
at omPOS = new HashSet [ senLen] ; /1
}
@verride

public String toString() {
return "SplitPoints [endPoints=" + endPoints + "\r\n startPoi nts="
+ startPoints + "]";

public AdjList getLattice(String sentence) {
i nt atonmCount = sentence.length();

Il
SplitPoints splitPoints = fstSeg.splitPoints(sentence);

Adj Li st g = new Adj Li st (atomCount + 1); // Di ctionary
sucNode = new CnToken[g.verticesNuni;
prob = new doubl e[ g. verti cesNuni; /1

int start = 0;
int currentEnd = splitPoints. endPoints. next SetBit(0);

while (start >= 0) {
Ter narySear chTri e. Prefi xRet prefix = new TernarySearchTrie. PrefixRet();
bool ean mat chRet = dic. matchAl |l (sentence, start, prefix, splitPoints.
endPoi nts) ;

if (matchRet) {//
for (WrdEntry word : prefix.values) {
int end = start + word.word. | ength();//
doubl e | ogProb = Math. |l og(word.freq) - Mth.log(dic.n);
CnToken tokenl nf =
new CnToken(start, end, |ogProb, word.word, word.types);
g. addEdge(t okenl nf);

}

start = splitPoints.startPoints.nextSetBit(start + 1);
current End = splitPoints. endPoi nts. nextSetBit(currentEnd + 1);
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} else {
doubl e | ogProb = Math.log(1) - Math.log(dic.n);

HashSet <POCSType> types = nul | ;

i f(splitPoints.atonPOS[start]==null ) {
types = new HashSet <POSType>();
types. add( new POSType("n", 1)); //

}

el se {
types = splitPoints.atonPOS[start];

g. addEdge(

new CnToken(start, current End, | ogProb, sentence. substring(start, currentEnd),
types));

start = splitPoints.startPoints.nextSetBit(start + 1);
current End = splitPoints. endPoi nts. nextSetBit(currentEnd + 1);

}
}

return g;

}

244 N

cc / % <cc 3

X3 / »3 cc / / EE]

P(&IC)  P(SIO) P(&IC)  P(SIC) S

P(C,9)= P(SC)P(C)= P(CI9P(S
p(s|c) = PCISXPS)
P(C)
P(C)

P(C)

" PO=P( ")



P(CI9 S C 1 P(CIS)=P(CIS)=1
P(&IC) P(SIC) P(&) P(S)
P(S1C) _ P(S)
P(SIC) P(S)
P(S)=P( , . )> P(&)=P( coe ) S
S
C=C.,Cy, ,Cy
S=Wi,Wo,  \Win m=n C S
S S P(§C) P(5C)
C S
P(C|S)P(S)
BestSeg(C) = argmax P(S|C) = argmax ——~——~
SeG SeG P(C)
—agmaxP(S)=arg max P(w,w,,---,W,)
SeG W, W2, W eG
G C w
i i C
G
S
P(S P(S
P(S) = P(w, W, W)  P(W) P(W,) - -- P(w,)
P(w) w
PE)=P( , , )=P()PC )PC )
S m m P(S
m

P(S

0.000000000000000000000000000001 double
y=log x X y

P(S) = P(Ww)P(w,)---P(w,) logP(w) +logP(w,) +---+log P(w,)
1 log P(w)
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W, n
P(w) = N
log P(w) = logfreq,, - logN
log P(S
P
“ 7o 7 [ I I[1
N n
W1 W2
P(w, W)
P(w, [w) =—5 W)
P(w1,W2)= P(wy)P(Wa|w;)
P(W21,W2,W3)= P(Wy,Wy) P(Walw1, W)
P(w1,W2,Wg)= P(Wy) P(Wa|wi) P(Ws|wq,Ws)
P(S=P(wi,Wy, Wy)= P(wWyp)P(Wo|wq)P(Wawi,Wo)  P(WnlWiwe — Wi.1)
P(walw1) Wi W, Wi W
P(wsolwy) P(w,)
n-1 w
PO
(V)=20000 bigram 400000000
trigram 8000000000000 4-gram
1.6><10"
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P(S = P(wi,W2, \Whn)= P(Wy) P(Wawi) P(Wsjwi,Wa)  P(Wn|WiWsz. .. Wh-1)

=P(w1) P(Wolw1)P(Wajwo)  P(WhnlWi-1)

P&)=P( )PC | IPC | )
Unigram
S n P(w1)P(Waw1)P(Wslw2) - P(Wnlwh-1)
n n
PCPC I IPC | ) PC PC |
weC o)

P(wilwi-1)= freq(wi-,wi)/freq(wi-1)

1
2
Java
3 n
n
4
5 Lucene Elasticsearch AP
n n
ce »> {0,1} {02} {12} {13} {23}
{34} {35} 2-2
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%‘( [Start)

P(

Sqlite

CREATE TABLE "Bl GRAM' ("PREV' string NOT NULL DEFAULT (null)

0,1

PC 1)

|Start)

»
»

2-2

"NEXT" string DEFAULT (null)
,"FRQ' i

)

nt

public class DBBi granProb {
Connecti on con;

-38-

static doubl e | anbdal
static doubl e | anbda2

publ i c DBBi granProb() throws Exception {

3;
7

0.
0.

con = get SqliteConnection();

I

publ i ¢ doubl e wordCondi ti onal Probability(String prev, String next) {

Il

Quer yRunner

Str

ing sql

runner = new QueryRunner ();

I nteger total Freq = runner

i nt

i nt
i nt

.query(con, sql,
dic_total Freq = total Freq;

bi granfFreq = get Bi granfreq(prev,

tl freq
t2_freq

get Freq( next);
get Freq(prev);

Il

= "sel ect sun(frqg) from UNI GRAM WORD';

next);//

new Scal ar Handl er <l nt eger >());



doubl e wordProb = lanbdal * t1 freq / dic_total Freq + | anbda2
* (bigranfFreq / t2_freq);
return wor dProb;

}
private int getFreq(String tl1) throws SQLException {
QueryRunner runner = new QueryRunner();
String sql = "select frq from UNI GRAM WORD where WORD =?";
I nteger freq = runner. query(con, sqgl, new Scal ar Handl er<I nteger>(), t1);
if (freq == null)
return O;
return freq;
}
private int getBigranfFreq(String t2, String t1)

throws SQLException { [/
QueryRunner runner = new QueryRunner();

String sql = "select frg from Bl GRAM where PREV =? and NEXT = ?";

I nteger freq =runner. query(con, sql, newScal ar Handl er <I nt eger>(), t2,
t1);

if (freq == null)
return O;

return freq;

}
public static Connection getSqliteConnection() throws Exception {
/1
try {
Cl ass. forNane("org.sqlite.JDBC");
String absolute path to sqlite_db = "./dic/bigramsqglite";
/1

return Driver Manager . get Connection("j dbc:sqglite:"
+ absol ute _path _to _sqglite_db);
} catch (Exception e) {
e. print StackTrace();
return null;

}

String prev =" ";
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String next = ;

DBBi gr anPr ob bi granProb = new DBBi gr anPr ob() ;
doubl e wor dCondProb = bi granPr ob. wor dCondi ti onal Probabi lity(prev, next);

doubl e | ogProb = Mat h. | og(wor dCondPr ob) ;
System out . printl n(l ogProb);

public class Node {

public int start; /1
public int end; /1
publ i ¢ doubl e | ogProb; /1
public int frag; /1
publ i c doubl e nodePr ob; /1
publ i c Node best Prev; I
public Node(int s, int e, int fg, double p) { /1

start = s;

end = e;

frq = fq;

| ogProb = p;
}
@verride

public int hashCode() {
return start ~ end,
}

@verride
publ i c bool ean equal s(bj ect 0) {
if (!(o instanceof Node)) //
return fal se;
Node that = (Node) o;

return (this.start == that.start & this.end == that.end);
}
public String toString() {
return start + ":" + end+" frqg "+frq+" | ogProb "+l ogProb;
}
}
L atticeFactory
public class LatticeFactory {
public static TernarySearchTrie dic = null; /1
static FSTSG aph f st Seg; /1



freq,

static {

}

try {
fstSeg = new FSTSG aph();

} catch (Exception e) {
e.printStackTrace();

}

dic = (new DicFil eFactory()).create(); /1
Il
/1 (new D cDBFactory()).create();

public static AdjList getLattice(String text) throws Exception {

int sLen = text.length(); /1
Adj Li st g = new Adj Li st(sLen + 2); /1
I

SegSchene schema = fst Seg. seg(text);

11
ArraylLi st <WordEntry> prevWrds = new ArrayLi st <WordEntry>();

I

int fronPoint = O;

while (fronmPoint >= 0) {
int start = schenm. startPoi nts. next SetBit (fronPoint); /1
int end = schena. endPoi nts. next SetBit(fronPoint + 1); I

fronPoi nt = schema. start Poi nts. nextSetBit(start + 1);

I

bool ean match = dic. matchAl |l (text, start, prevWrds,
schena. endPoi nt s) ;

if (!match) {

Il ,

String word = text.substring(start, end);

prevWor ds. add(new Wor dEntry(word, 1));

Node newkEdge = new Node(start, start + word.length(), 1,

Mat h. | og((double) 1 / dic.n));

g. addEdge( newEdge) ; /1
} else {

for (WordEntry w: prevWords) { //

Node newkdge = new Node(start, start + w word.|ength(), w

Mat h. | og((double) w.freq / dic.n));
g. addEdge( newkdge) ; //
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}
return g;
}
}
Segmenter.bestPrev()

public static AdjList bestPrev(AdjList wordG aph) throws Exception {
for (Node currentNode : wordG aph) { //

/1l
NodeLi nkedLi st prevNodes = wor dG aph. prevNodes( curr ent Node) ;

doubl e nodeProb = m nVal ue; I
Node mi nNode = nul | ;
if (prevNodes == null) {

curr ent Node. nodeProb = 0;

conti nue;

}
for (Node prevNode : prevNodes) ({
doubl e current Prob = transProb(prevNode, currentNode) //

+ prevNode. nodePr ob; I

if (currentProb > nodeProb) {
nodeProb = current Prob;
m nNode = prevNode;

}
}
current Node. best Prev = m nNode; /1
current Node. nodePr ob = nodePr ob; I

}

return wor dG aph;

public static List<String> split(String text) throws Exception {
Adj Li st wordG aph = LatticeFactory.getlLattice(text); /1

best Prev(wor dG aph) ; I
ArrayDeque<Node> seq = new ArrayDeque<Node>(); /1
/1

for (Node t = wordG aph. endNode. best Prev; t.start > -1; t = t.bestPrev) {
seq. addFirst (t);

}
/1

return bestPath(text, seq);

String sentence =" "
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List<String> ret = Segnenter.split(sentence);

System out. println(" ")

for (String word : ret) ({
System out. print(word+" / ");

}
2.5
hidden markov model HMM
25.1
n.txt
V.IXt atxt
V.txt
ip
‘g

CREATE TABLE "Al _BASEWORDS" ("WORD' string NOT NULL , --
" PARTSPEECH' string, --

"FRQ' int, --
"PINYIN' string) --
MySQL
TernarySearchTrie dic = new TernarySearchTrie();
Connecti on conn = get Connect () ; /1
String sgql = "SELECT WORD, PARTSPEECH, FRQ from Al _BASEWORD" ;

Statenment stnt = conn.createStatenent();
ResultSet rs = stnt.executeQery(sql);

while (rs.next()) {
String word = rs.getString(1);
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String pos = rs.getString(2);
int frq =rs.getlnt(3);

if(frq<=0) {
System out . println(" "+word +" frq "+frq);
frq = 1;

}

di c. addword(word, pos,frq); //

dic.n +=frq; /1

}

conn. cl ose();

2.5.2
cc / 27 cc E R cc 7
VV=W1,W2, "Wh T=t1,t2, Jtn

P(tl,tz, ,tn|W1,W2, ,Wn)

[ 10 10 1 r
v n f [ ] [ ]
[ ] 4 P(rvyv|

, ) Py, , ) Pvf , , ) P@Enfl o, , ) P(rvyv| , , )

4 [rvV]



P(t11t21 ,tn) P(W11W21 1Wn|t11t21 ,tn)/P(leWZ ,Wn)
P(Wl 1W21 1Wn)

P(tytz, )= P(ty)P(toft) P(talty,t2)  P(taftatz  th1)
n P(tlltZI 1tn)

Pt t,,--t) = H P(t [t,)
i=1
P(W11W25 1Wn|tl;t21 ,tn)

P 16 ) = [ PO 1)

P(tlltz! ’ "vtn)P(W_LvW -"’anltlth' ’ "!tn) ~ H P(ti |ti—l) P(W| |ti)

w
P(tilti-1) P(wlt;)
P(wilt)
P(tilw)
P(wilti)
P(tilti-1)

byte POS
public class PGS {

public final static byte start = 0; /11
public final static byte end = 1; /1
public final static byte a = 2; /1
public final static byte ad = 3; I
public final static byte ag = 4; /1
public final static byte an = 5; /1
public final static byte b = 6; /1
public final static byte c = 7; I
public final static byte d = 8; /1
public final static byte dg = 9; /1
public final static byte e = 10; /1
public final static byte f = 11; Il

public final static byte g = 12; I
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public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
public fi
}
start:uj:1
start:v: 5230
start:vd: 4
start:vg: 54
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na
na
na
na
na
na
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal
nal

stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati
stati

O O O O O O 0O O O O O O O O O O O O 0O 0O 0O 0O 0O 0O o0 0O o0 0O o0 o0 0o o0 o o o0

byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e
byt e

h = 13

i = 14;
i = 15;
k = 16

I = 17;
m= 18
n =19
ng = 20;
nr = 21,
ns = 22;
nt = 23;
nx = 24;
nz = 25;
0o = 26
p = 27;
q = 28;
r =29
s = 30;
t = 31;
tg = 32;
u = 33
ud = 34;
ug = 35
uj = 36
ul = 37
uv = 38
uz = 39
Vv = 40;
vd = 41;
vg = 42;
vh = 43
w = 44
X = 45;
y = 46;
z = 47;
unknow = 48;

POSTransFreq.txt

I
/Il
Il
Il
Il
/Il
Il
I
Il
/Il
Il
I
Il
/Il
Il
Il
Il
/Il
Il
I
Il
/Il
Il
I
Il
/Il
Il
Il
Il
/Il
I
Il
/Il
Il
Il
Il



start:vn: 440
start:w 5047
start:y:2
start:z:58
:end: 173
:a: 833

ad: 8

ag: 6

an: 127

b: 62

c: 451

d: 296

dg: 2

:f: 84

1i:13

1j:80

1 k: 4

:1:125

:m 896

Tagger
Il

DEEEEDRERREREREER

private int[][] transFreq = new int[PCS. nanes. | engt h] [ PCS. nanes. | engt h] ;

/1
private int[] typeFreq = new int[PCS. nanes. | ength];
private int total Freq; /1

POSTransFreq.txt

String transFrg = "./di c/ POSTransFreq. txt";
InputStreamfile = new Fil el nput Strean(new File(transFrq));

Buf f er edReader read = new BufferedReader (new | nput St r eanReader (
file, "GBK"));

String line = null;

while ((line = read.readLine()) != null) {

StringTokeni zer st = new StringTokeni zer(line, ":");
int pre = PCS. val ues. get (st. next Token()); /1

int next = PCS. val ues. get (st. next Token()); /1

int frg = I nteger. parselnt(st.nextToken()); I
transFreqg[pre][next] = frq; /1
typeFreqg[ next] += fraq; /1
total Freq += frq;

/1

if (pre == 0) {
typeFreq[ 0] += fraq;

read. cl ose();
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Freq(t;.t) N Freq(t;)

P(t 1t;) =4 Freq(t;) Freqg(total)

4=09 A4,=01
getTransProb()

| **
*

* @aram cur St at e
*

* @aramtoTranState
* @eturn
*/
public doubl e get TransProb(byte curState, byte toTranState) {
return Math.log((0.9 * transFreqg[curState] [toTranStat e]
| typeFreq[curState] + 0.1 * typeFreq[curState] / total Freq));

}
2.6
2.6.1
“?,, “!”
“ez ““Mr. Vinken is chairman of
Elsevier N.V.,the Dutch publishing group.”” €z

““Mr. Vinken”~

String text="M. Vinken is chairman of Elsevier N V., the Dutch publishing
group.";
EnText enText = new EnText (text);
for(Sentence sent:enText){
Systemout.println(sent); // ,

}
Java Breaklterator



private final static class SentBreaklterator inplenents Iterator<Sentence> {

String text;

int start;

int end;

Il

static final Breaklterator boundary = Breaklterator
. get Sent encel nst ance( Local e. ENGLI SH) ;

public SentBreaklterator(String t) {
text =t;
Il
boundary. set Text (text);
start = boundary.first(); //
end = boundary. next();
Y/

@verride
publ i ¢ bool ean hasNext () {

return (end != Breaklterator. DONE);
}

@verride
public Sentence next() {
String sent = text.substring(start, end);

Sent ence sentence = new Sentence(sent, start, end);
start = end,;

end = boundary. next ();

return sentence;

}
Breaklterator

public static int nextPoint(String text, int |astEQCS) {
int i = |astECS;
while (i < text.length()) {
I

i = ski pPhrase(text, i);

I
String toFind = eosDi c. matchLong(text, i); //
if (toFind !'= null) {
I
bool ean i sEndPoi nt = isSplitPoint(text, |astEGCS,
if (isEndPoint) {
return i + toFind.length();

}
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i =i + toFind.length();
} else { //

i ++;
}

}
return text.length(); //

}
Sentlterator

private final static class Sentlterator inplenents |terator<Sentence> {
String text;
int |lastECS = 0;

public Sentlterator(String t) {
text = t;

}

@verride
public bool ean hasNext () {
return (lastECS < text.length());

}

@verride

public Sentence next() {
i nt next ECS = EnSent enceSpliter. nextPoint(text, |astEQCS);
String sent = text.substring(lastECS, nextEOCS);
Sent ence sentence = new Sentence(sent, |astEGCS, nextECS);
| ast ECS = next ECS;
return sentence;

2.6.2

Cats never fail to fascinate human beings. They can be friendly and
affectionate towards humans,but they lead mysterious lives of their own as well.

Cats(n.) never fail(v.) to(prep) fascinate(v.) hunan(n.) beings(n.).
They(pron.) can(aux.) be(v.) friendly(adj.) and(conj.) affectionate(ad].)
towar ds(prep) humans(n.) but(conj.) they(n.) | ead(v.) nysterious(adj.) lives(n.)
of (prep.) their(n.) own(n.) as well (adv.).

a an the
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2-2

adj

art

pos

pron

conj

num

prep

punct
int

2-3
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| likeit [rvr]

key = new Arrayli st <Part Of Speech>() ;
key. add( Part O Speech. pron); //1

key. add( Part Of Speech. v) ; I11ike
key. add( Part Of Speech. pron); //it
posTri e. addPr oduct (key) ;

public static ArrayLi st <WordToken> get Wr ds(Sent ence sent) {
ArraylLi st <Wor dTokenl nf > words = Segnent er.seg(sent); //

Wor dType[] tags = g.tag(words); //

11
int i=0;
ArraylLi st <WordToken> tokens = new ArrayLi st <Wr dToken>();

for (WrdTokenl nf w words) {
Wr dToken t = new Wr dToken(w. baseFor m w. t er nText, w. start, w. end, tags[i]);

++i ;
t okens. add(t);
}
return tokens;
}
2.7
2.7.1
1 2 Y {
} s £ Y (X3 Y
first name middlename last name middle
name
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2.7.2

<nr> <nr>

2-3
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TR KABERRSIERERF AR

2-3
1 Inr Inr
2 nr Inr
3 Inr Inr
4 Inr Inr
11 /n Inr Inr
12 /nr Inr /d
13 Inr Inr /d Inr Inr
nr.txt nr.txt
AdjList
(X3 Y 2_4
art N ) O @
N4 N4 N
2-4
[ L] 1 L]
[ 1 L] 1 ]
—
v ] [1,4,12]
(X3 1 2
77 (1 [ 1 (1 [ 1
2-5
A A R R B B B Y B Y B B A |
0 /0 ML /A /2 /3 A3 /A 12 12 /o 0 /0 /0 10

2-5



nr.txt

{ 1
2_6 X3 7

2-6 [1,2,3,12]
cc 7 [ , , , ] [

L 1 ]

[ + 1]
trietree AdjList DFA
DFA DFA
publi c enum PersonType {

pr eCont ext , I i

post Cont ext , I ok

sur Nane, /1l

si ngl eNan®e, /1

doubl eNane1l, /1

doubl eNanme2 /1

}
[ 10101010 1 [ 1 opreContext [ ]
postContext
[1,4,12] [11,1,2,3]

[11,1,4,12] 2-7
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%

©,

w

“ /or /or /dInr /nr=?
[1,4,13,1,2,3]
public class Tri eNode{
private PersonType nodeKey; Il
private Arrayli st <NameSpan> nodeVal ue; Il
private bool ean term nal; [/

private Map<PersonType, TrieNode> children =
new HashMap<PersonType, TrieNode>(); //

NameSpan
NameSpan PersonType

public class Trie {
public Tri eNode root Node = new Tri eNode(); //

-56-



Il /
publ i c voi d addPr oduct (ArrayLi st <Per sonType> key, ArrayLi st <NaneSpan> | hs)

Tri eNode currNode = root Node; /1
for (int i =0; i < key.size(); ++i) { //
PersonType ¢ = key.get(i);
Map<Per sonType, TrieNode> map = curr Node. get Chil dren();
currNode = nmap.get(c); /1
if (currNode==null) {
currNode = new Tri eNode();

map. put (¢, currNode); /1
}
}
cur r Node. set Term nal (true); /1
cur r Node. set NodeVal ue(| hs); /1
}
/1 Per sonType
public ArrayLi st <NameSpan> fi nd(ArrayLi st <PersonType> key) ({
Tri eNode currNode = root Node; /1
for (int i =0; i < key.size(); ++i) { //
PersonType ¢ = key.get(i);
currNode = currNode. getChildren().get(c);//
if (currNode==null) {
return null;
}
}
if (currNode.isTermnal ()) { /1
return currNode. get NodeVal ue() ;
}
return null; I
}
}
Il +
rhs = new ArraylLi st <PersonType>();
rhs. add( Per sonType. pr eCont ext) ; /1
rhs. add( Per sonType. sur Nane) ; /1
rhs. add( Per sonType. si ngl eNan®e) ; /1
Il

I hs = new ArraylLi st <NaneSpan>();
| hs. add(new NaneSpan(1, 2, PersonType.nane)); //
rul es. addProduct (rhs, |hs); /1
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SL, S
StatePair

public static class StatePair {

int s1; //
Tri eNode s2; //

public static class Nextlnput {

int end;
Per sonType type;
String term

}

UnknowGrammar

/

*%*

*

* @ar am edges
* @aram s

* @eturn

*/

intersection()

/1
Il
Il
Il

11

2,11

PersonType

public ArrayList<Nextl|lnput> intersection(EntityLi nkedLi st edges,
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Set <Per sonType> s) {
ArrayLi st <Next I nput> tnp = new ArrayLi st <Next | nput>();
for (EntityTokenlnf x : edges) {
if (x.data == null)
conti nue;
for (EntityTypes. EntityTypelnf typelnf : x.data) {
if (s.contains(typelnf.pos)) { //
t np. add( new Next | nput (x. end, typelnf.pos, x.ternText));

}
}
}
return tnp;

public static class MtchVal ue {
ArraylLi st <NanmeSpan> | eft; Il
ArraylLi st <PersonType> right; [/
Arraylist<String> term I

UnknowGrammar.
intersect()

| **

*

* @aram g

* @ar am of f set

* @eturn

*/

public ArraylLi st<MatchVal ue> i ntersect(AdjList g, int offset) {
ArraylLi st <ivat chVal ue> mat ch = new ArraylLi st <Mat chVal ue>(); //

St ack<St at ePai r> stack = new Stack<StatePair>(); //
Arrayli st <PersonType> path = new ArrayLi st <PersonType>(); //
ArrayList<String> term= new ArrayList<String>(); //

st ack. add(new St at ePai r(path, offset, rules.rootNode, term);
while (!stack.isEmpty()) { //
StatePai r stackVal ue = stack. pop(); //

I
EntityLi nkedLi st edges = g. edges(stackVal ue.sl);

Il

Set <Per sonType> types = stackVal ue. s2. get Chil dren().keySet();
ArraylLi st<NextInput> ret = intersection(edges, types);

if (ret == null)
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conti nue;
for (Nextlnput edge : ret) { //
/1
Tri eNode state2 = stackVal ue.s2. get Children().get(edge.type);
11

int end = edge. end;
if (state2 !'= null) {
Arrayli st <PersonType> p = new Arrayli st <Per sonType>(
st ackVal ue. pat h) ;
p. add( edge. type) ;

Arraylist<String>t = new ArraylLi st<String>(stackVal ue.ternj;
t.add(edge.tern);

st ack. add(new StatePair(p, end, state2, t)); //
if (state2.isTermnal ()) { //

mat ch. add( new Mat chVal ue( st at e2. get NodeVal ue(), p, t));
}

}

return match;

UnknowG anmar unknowGr ammar = UnknowGr anmar . get | nst ance() ;

for (int i =0; i < atonmCount; ++i) {
/1l
ArraylLi st <Mat chVal ue> mat ch = unknowG ammar . i ntersect(g, i);
I

}

UnknowGr anmar g = new UnknowGr anmar () ;

String right =
" <Begi n><sur Nanme>{ sur Nane} <doubl eNane1>{ doubl eNane1} <doubl eNane2>{ doubl eN
ane2} " /1l
String handl er Nane = "Per sonNanesdld2"; //
g. add( handl er Nane, right); /1
PersonToken

public class PersonToken {

public String person; /1

public int start; /1

publ i c PersonToken(String person, int start) {
t hi s. person = person;
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this.start = start;

PairListPersonToken
public class PairListPersonToken {

Li st <Map. Entry<Stri ng, PersonToken>> args; // Per sonToken

public PairlListPersonToken() {
args = new Arrayli st <Map. Entry<Stri ng, Per sonToken>>();
}

public void add(String k, PersonToken v){ [/
Map. Entry<Stri ng, Per sonToken> entry =
new Abstract Map. Si npl eEntry<String, PersonToken>(k, V);
args. add(entry);

public PersonToken getFirst(String key){ [/
for(Map. Entry<Stri ng, PersonToken> e: args) {
i f(e.getKey().equal s(key)) {
return e.getVal ue();

}
}
return null;
}

}
String text =" " /1
G ammar Ext ract or unknowFi nd = new G ammar Extractor () ;
Li st <Per sonToken> result = unknowFi nd. extract (text); /1

System out. println(result);

2.8

King George VI of England died on Feb 6, 1952.

King George VI of England died on February 6, 1952.
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e 18Feb 1997 - 1997/02/18
e 20thof July - XXXX/07/20
e 1992 . 1992

2.9

p q P qQ
r P qQ
<« -> 2-9
s
obj
subj qc a
2_9 Lx3 7
2-9
(¥ 3 Y (¥ 3 Y s £ Y (X3 Y “S,.‘wbj,.‘obj,,
(¥ 3 a4 (X3 Y (X3 Y (X3 Y “qc,,
“ar,’
2-10
2-10
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subj

S0

qc

2-10 “* -

2-11

P(s| T)=P( the| boy) P( boy | find) P(will| find) P (find | <NONE> )
P (it | find )P (interesting |find)

" \
boy will it interesting
the
211 ““the boy will find it interesting”~

2.10
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sentiment analysis  opinion mining
polarity classification

1-5 multi-way scale
: 125 < >
7 < >
: 123 < >
6 < >
: 82 <
: 10 <
o direct opinion
o comparative opinion

iPhone-x

iPhone-x



Booking.com

2-4

o |<|>S|o

“ 50 17 Sl
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polarity

ML.NET (https.//github.com/dotnet/machinel earning)

ML.NET ML.NET  NuGet
I nstal | - Package M crosoft. M

var dataPath = "sentinent.csv";
var m Context = new M.Context();
var | oader = ml Cont ext. Dat a. Cr eat eText Loader (new ]

{
new Text Loader . Col urm( " Senti nent Text", DataKind.String, 1),
new Text Loader. Col uim( " Label ", Dat aKi nd. Bool ean, 0),

I

hasHeader: true,

separatorChar: ',");

var data = | oader. Load(dat aPat h) ;
var | earni ngPi pel i ne = nl Cont ext. Tr ansf or ms. Text . Feat uri zeText (" Feat ur es",
"Sentiment Text")
. Append( m Cont ext . Bi naryCl assi fication. Trai ners. Fast Tree());
var nmodel = | earningPipeline.Fit(data);

var predictionEngi ne =
nodel . Cr eat ePredi cti onEngi ne<Sent i nent Dat a,
Sent i ment Pr edi cti on>(nm Cont ext);
var prediction = predictionEngine. Predi ct (new Senti nment Dat a

{

Senti ment Text = "Today is a great day!"
1)
Consol e. WiteLine("prediction: " + prediction.Prediction);
Java Stanford Core NLP(https://github.com/stanfordnl p/CoreNLP)
2.11

HMM
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