CHUONG TRINH DICH

Bai 4: Phan tich tir vang bing DFA
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Bd phan tich tir vung cho ngon
ngu A
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Ngon ngur A

Ngo6n ngtr 1p trinh A chuyén thwc hién cac phép toan s6

1.

2.

3.

Moi 1énh viét trén 1 dong
Lénh bao gi¢ ciing c¢6 dang <bién> = <biéu thirc>

<bién> la mot tén riéng, khong can khai bao trwérec,
giong quy cach tén bién thong dung, bién luén la sod

<biéu thirc> dwoc viét theo quy céch biéu thirc s hoc,
c6 thé gom:

= SO nguyén, so thuwec, bién

" Lo goi ham toan hoc thong dung: sqrt, log, exp, power,...

" Cac phép toan thong dung + - * / %

= Cac cap ngodc tron
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@«r
BO PTTV don gian (ma gia C#)

// chira thong tin vé mét tir t6

class Word {

public int wordType; // chta tir loai cua tU
public string wordContent; // chira noi dung cua tu
}
// bd phan tich tUr wung
class PTTV {
// phan tich chudéi S thanh ddy cic tu t6
public List<Word> process(string S) { .. }
// lay ra tu to6 tiép theo
Word getNextWord() { .. }
}
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BO PTTV cho ngon ngtr A

&

using System;
using System.Collections.Generic;

// dinh nghia cac tu loai cua bd PTTV
enum WordType {

TYPE_EOF, // loai két thic dau vao
TYPE_ERROR, // loai dau vao 16i
TYPE_SPACE, // dau tréng, tab,...
TYPE VAR, // tén bién

TYPE_INTEGER,  // sO nguyén
TYPE_OPERATOR,  // phép toan
TYPE_PARETHESIS // ngoac
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gxg
BO PTTV cho ngon ngr A

// 18p chira thong tin cua 1 tu

class Word {
public WordType wordType; // chta tir loai cua tu
public string wordContent; // chfa nd6i dung cla tu
public Word(WordType t, string c) {

wordType = t; wordContent = c;

}
// 18p automata thuc hién PTTV

class PTTV {
string input;

int pos;
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BO PTTV cho ngon ngr A

public List<Word> process(string a) {

List<Word> list = new List<Word>();

pos = O;
do {

Word x = getNextiord();

list.Add(x);
if (x.wordType
if (x.wordType

== WordType.TYPE_EOF) break;
== WordType.TYPE_ERROR) break;

pos += X.wordContent.Length;

} while (true);

return list;
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BO PTTV cho ngon ngr A

// lay ra tu tiép theo
Word getNextWord() {
Word x = new Word(WordType.TYPE EOF, "");
if (pos >= input.Length) return x;
X = nextIsSpace();
if (x != null) return x;
X = nextIsOperator();

if (x = null) return x;

X = new Word(WordType.TYPE_ERROR, "");

return Xx;
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BO PTTV cho ngon ngr A

// tu tiép theo cé phai ki hiéu tréng, tab,...?
Word nextIsSpace() {
if (input[pos]==" ") return new Word(WordType.TYPE_SPACE, " ");
return null;
}
// tu tiép theo cé phai ki hiéu phép toan?
Word nextIsOperator() {
if ((input[pos]=="+") || (input[pos]=="-") ||
(input[pos]=="*") || (input[pos]=="/") || (input[pos]=='%"))
return new Word(WordType.TYPE OPERATOR, "" + input[pos]);
return null;
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BO PTTV cho ngon ngr A

// ham chinh thi nghiém bd PTTV
class MyApp {
public static void Main() {
PTTV scanner = new PTTV();
List<Word> x = scanner.process("=+1");
foreach (Word w in Xx)

Console.WriteLine("{0}: {1}", w.wordType, w.wordContent);
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Phan 2

Automat hiru han (FA)

&



Automat htru han (FA)

= Nhan xét vé bd PTTV don glan ¢ ph'?m trudc:
= Cau truc chuong trinh don gian, dé hiéu
= Dé md rong néu bo sung cac tir loai méi
. Hoat dong cham, m(*)i, tur loai~ duoc thtr doan nhan mot
lan; tru’(‘)’ng hop t€ nhat (¢6 161) c6 d0 phirc tap cao vi
phai thur tat ca cac tu loal
= Kho xtr Iy nhap nhang
" Trong ph?m tiép theo, ching ta s€ thao luan mot
thiét ké méi khac phuc van dé toc d6 dua trén ¥
tuong xay dung bo doan nhan chi vo1 mot lan thir
duy nhat
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Automat htru han (FA)

= Automat hitu han (finite-state automaton) dung dé doan
nhan 16p ngdn ngtr chinh quy (regular expression)
= Cau tric co hoc ctia FA gom:

] Automat
= Bang chuyén hitu han e
A o )]
= Pau doc >
= Xau vao o

= Qua4 trinh hoat dong:
= Bit dau tir trang thai xuat phat
= Poc tur ki tu tor xau vao

= Quan sat bang chuyén dé biét sé chuyén sang trang thai nao
= Dung khi két thuc xau vao va tra veé trang thai doan nhan
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Automat htru han (FA)

= Hoat dong cua automat htru han rat don g1an:;
= Moi budc doc mot ki tu tir dau vao
= Tu trang thai bat dau, dya trén ki tu dau vao bién doi
trang thai, qua trinh nay két thuc khi dén trang thai ding

* Trang thai du:ng s€ quyet dinh tir loai ma FA doan nhan
dugc (bao gom ca 161)

= Dé thay do phu’c tap tinh toan cua thuat toan doan
nhan la tuyen tinh theo do dai cua dir li¢u dau vao
(vi mdi bude chuyén nhan mot ki tu dau vao)

= Van dé chinh cua automat htru han: lam thé nao xay
dung duoc bang chuyén hiéu qua
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Automat htru han (FA)

= Automat hiru han duoc chia lam 2 loai:

* Automat hiru han don dinh (deterministic finite
automata — DFA)
* V&1 mot ki higu g‘ﬁu vao, chi co thé chuyén sang t6i da mot
trang thai thai tiép theo (hoac dung va bao 161)
« Khong chap nhan ki hidu dau vao la ¢
» Automat hitu han khong don dinh (non-deterministic
finite automata — NFA)
e Chap nhan ki hiéu dau vao 1a ¢
* V61 mot ki hi¢u dau vao, co thé chuyén sang nhiéu trang thai
tiep theo
= Hai loai automat nay twong duong ?Vé kha nang doan
nhan ngdn ngit va cé thé chuyén doi qua lai 1an nhau
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Phan 2.1

Po thi chuyén (TD - transition
diagram)
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X

Po thi chuyén

Do thi chuyén 1a phuong phap thuong su dung dé mo
ta mot cach truc quan so do hoat dong cua cac
automat htru han

Do thi chuyén biéu dién tén /\chitso

start chircai khac *
o @) e ()
Do thi chuyén biéu dién so .
nguyén duong chitso chirca
start :0 chitsd ’6 khac '

D0 thi chuyén biéu dién . X oy
. . £ chitso chitso
mot loai so thuc

start C.hﬁfgé. ] C.hﬁfgé. khac *
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b N AP

Cac ki hiéu cua do thi chuyén

= Trang thai: v€ bo1 vong tron, ki hi¢u ghi bén trong
1a “tén” (sO hi€u) cua trang thai do
= Trang thai két thuc: vong tron kép
= Trang thai két thuc cO danh dau sao (%): kY tu cudi cing
khong thudc vao tir to duoc doan nhan

" Budc chuyen v& boi mili tén noi toi trang thai s&
chuyén dén, ki hi€u ghi bén canh la “nhan” cua
budc chuyén

= Nhan ghi cac ki tir hoac loai ki tir cho phép thye hién
budc chuyén

= Nhan “start”: xac dinh trang thai bat dau cua automat
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X

Po thi chuyén cia mot NFA

Xét ngon ngir chinh quy L=aa* | b|ab

Ta c6 thé xay dung d6 thi chuyén nhan biét L c6 cac
dac trung cua NFA:

= T mot trang thai co thé ¢ nhiéu budc chuyén tuong tu

= Chtra ki hi€u € 6 nhan a a
7 ’
b

start 4@ ¢
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X

Po thi chuyén cia mot DFA

Ciing van véi ngdn ngit L = aa* | b | ab
Ta c6 thé x4y dung d6 thi chuyén nhan biét L c6 cic
dac trung cua DFA:

= Tu mot trang thai khong thé cd cac budce chuyén tuong
tu nhau (nhan giong nhau)

* Nhan khong chuwra ki higu ¢ a a
O

start 4@ b
)
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Aﬁtomat htru han khong don
dinh (NFA)



MO0 hinh toan hoc cua NFA

= Mot automat hitu han khong don dinh (NFA) 1a mo6
hinh toan hoc gom:

1.
2.
3.

Mot tdp trang thai S

Mot tap ky hiéu vao X' (bang ky hiéu vao)

Mot ham chuyén move anh xa cip (trang thai, ky hiéu)
to1 tap cac trang thai

Mot trang théi s, dic biét goi 1a trang thdi bdt dau
(hoac trang thdi khoi tao)

M(f),t tap cac trang thai F dac bict goi 1a cdc trang thdi
chap thuan (hay cac trang thai ket thuc)

= NFA khong c6 rang budc nao vé cac thanh phan
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Ca1 dat NFA trén may tinh

= C6 nhiéu cach mi hoa NFA trén may tinh, phuong
phap duoc si dung nhi€u nhat 1a dung bang chuyén
= Bang chuyén 1a mot ma tran 2 chiéu:
= Cac dong thé hién trang thai ctia NFA

= Céc ¢t the hién ki hidu dau vao ¢, [ twrsiwo

. r ;e R . a b

= Bang ghi cac trang thai chuyén téi = B =

* 2 2 r . ~ 4 B B D

= Hai can tro 16n khi ma hoa NFA: : B ¢
14 B E

= Xu ly ki hiéu € thé nao? E B C

= X1 Iy nhu thé ndo khi ¢6 nhiéu phuong an dich chuyén
rng vo1 mot ki hiéu dau vao?
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Aﬁtomat htru han don dinh
(DFA)



Automat htru han

don dinh

= Lop automat hiru han don

dinh (DFA) la 16p cac

NFA thoa man cac rang budc sau:
= Khéng c6 trang thai nao cd dich chuyén ¢

* V61 mo1 trang thai s va ky hi€u dau vao a, c6 nhi€u nhat

mot canh nhan a ro1 khoi s

* N1 cach khac, ham move(s,a) 1a ham don tri, day chinh la y
nghia cua chir “don dinh” trong DFA

= Nhu vay ta thay DFA 1a NFA nhung d3 loai bo di

nhitng chi tiét kho 1ap trin
= Mot diéu kha dic biét, kha
NFA la twong duong

1 nhat
nang doan nhan cua DFA va
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é?%?f
Mo phong hoat dong cua DFA

// dau vao: chuoi x két thic bdi ki hiéu eof
// dau ra: yes néu chap thuan x, no néu nguoc lai
S = Sy;
Cc := nextchar(x);
while ¢ # eof do
s := move(s, C);
Cc := nextchar(x);
end;
if s € F then return “yes”;
else return “no”;
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Phan 3

Chuyén d6i biéu thtrc chinh
quy sang DFA

TRUONG XUAN NAM
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Chuyén doi BTCQ sang DFA

= Nhu vay néu c6 mot DFA phu hop, ta c6 thé xay
dung bo PTTV chi vo1 do phire tap tuyén tinh mot
cach dé dang

= Hau hét cac dinh nghia tir vung déu viét dudi dang

bi€u thirc chinh quy (RE — regular expression), vay

lam thé nao c6 duoc DFA tu cac RE da c6?

= Trong phan sau ta s& xem xét cac budc chuyén doi

tur cac RE thanh DFA thong qua viéc xay dung NFA
twong duong va to1 uu trang thai
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Phan 3.1

Chuyén d6i tir biéu thirc chinh
quy sang NFA

TRUONG XUAN NAM
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Thuat toan Thompson

= Kenneth "Ken" Thompson (dong tac gia cua hé diéu

hanh Unix, ngdén ngtt 1ap trinh Go), nam 1968, da
phat trién mot thuat toan (Thompson’s construction
algorithm) dé chuyén doi tir biéu thtrc chinh quy
sang NFA, thuat toan gom 3 budc:

1. Phan ra biéu thirc chinh quy thanh cac thanh phan co

ban (loa1 bo cac yéu t6 kho xay dung NFA)
2. Xay dung NFA cho céc thanh phan co ban
3. Gheép cac NFA trong budc 2 thanh mot NFA 16n

= Nguoc lai, thuat toan Kleene (Kleene's algorithm)
chuyén tur NFA (DFA) thanh bi€u thirc chinh quy
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X

Thuat toan Thompson

= Budc 1: don gian hoa biéu thirc chinh quy

= M+ dugc chuyén doi thanh M M*

= M? duoc chuyén doi thanh M | &

* Nhu vay két thuc bude ndy biéu thitc chinh quy chi gom
cac ki hi€u, phép chon (|), phép nd1 (vi€t lién ti€p) va
phep lap (*)

* Budce 2: xay dung NFA cho cac ki hi€u co ban

= NFA cho ki hiéu rong —(s)—* @
= NFA cho ki hi¢u thuong 4'@ . @
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Thuat toan Thompson

X

= Budc 3: ghép cac NFA theo quy tic chuyén doi

phép toan sau day

* PhépndiAB  —(s)—{ A |-~(s)— B

A

= Phép chon A | B —€<

= Pheép lap A*

PN

TRUONG XUAN NAM
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Vi du: dung NFA cho (X | y)*

X

= Tao NFA cho (x| y) YOROX
NDAE)

= D3t NFA trén vao phép lap

TRUONG XUAN NAM
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Phan 3.2

Chuyén doi tir NFA sang DFA

TRUONG XUAN NAM
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X

Chuyén doi tir NFA sang DFA

= Chuyén doi tir NFA sang DFA g6m hai bai toan:

1. Loai bo cac budc chuyén chap nhan ki hiéu dau vao ¢
2. Loai bo cac trang thai da dinh

" [nput: mot NFA (goi1 1a N)
® Output: mot DFA (go1 la D) doan nhan cung ngén
ngtr vo1 N. Xay dung D, gom 2 budc:
= Xay dung tap trang thai cua D
= Xay dung cac ham chuyén move(s,a) don tri
=Y tuong: quan sat hoat dong cua N, mot trang thal

cua D la tap cac trang thai cua N, mot budc chuyen
ciia D 1a mot budc chuyén cia tap trang thai cua N
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Vidu ]

= X¢ét NFA doan nhan a+b* °
* Quan sat hoat dong cua NFA start G .
= Trang thai bat dau chuyén sang {1}
= {1} nhan ki hiéu a chuyén sang {1,2}
= {1,2} nhan ki hiéu a chuyén sang {1,2}
= {1,2} nhan ki hiéu b chuyén sang {2} a b
= {2} nhan b chuyén sang {2} Q Q
= Ta dugc DFA tuong duong:  start—{ 1 )} b @

b
= Poi tén trang thai (cho dé nhin) Q Q

a
a b
s‘rar"r
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Vidu?2

= Xét NFA doan nhan a*b* Q
" Quan sat hoat dong cua NFA Sm
= Trang thai bat dau chuyén sang {1,2,3}
= {1,2,3} nhan ki hiéu a chuyén sang {2,3}
= {1,2,3} nhan ki hiéu b chuyén sang {3}
= {2,3} nhan ki hiéu a chuyén sang {2,3}
= {2,3} nhan ki hiéu b chuyén sang {3}
= {3} nhan ki hiéu b chuyén sang {3} a

b
= Ta dugc DFA tuong duong:  start a b
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Vidu 3

= Trang thai bat dau chuyén
sang {1,2,3,5}, dat tén
trang thai nay 1a A start

" move(A, a) = {3,6}, dat
tén trang thai nay la B

= move(A, b) = {4}
= move(B, a) = {6}
= move(B, b) = {4}
= move({6}, a) = {6}
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Phan 3.3

DFA t6i uu cho phan tich tur
vung
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SO lwong trang thai cia DFA

* DFA don g1an hon NFA trong lap trinh, nhung lai
d6i mit véi van de khac, do la so Iugng trang thai
ctia DFA c6 thé nhiéu hO’Il NFA mot cach dang ké

= Mot NFA c¢6 n trang thai c¢6 thé chuyén do1 thanh mot
DFA c6 tdi 2" trang thai (truong hop té nhat)

= Kich thudce bang chuyén (ham move) co lién quan
chat ché to1 s6 lugng trang thai, vi thé viéc giam so
trang thai cua DFA la quan trong trong thuc té

= Mot cach logic (?) thi néu NFA co it trang thai thi s€
sinh DFA it trang thai hon, vi thé ta c6 thé bat dau
toi uu ngay tu NFA
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T6i vu NFA

= Khéng c6 nhiéu co hdi cho toi a
uu NFA, v tuong dé thay nhat
1a hop cac trang thai cung trén
moOt chu trinh € stari (1}

* Trong NFA trén: trang thai 2 va
3 ¢O thé ghep don

" Trong NFA duoi:

= Trang thai 1 va 4 co thé ghép doi

= Stra d6i ham move(2, ¢)=4  start
thanh move(2,¢c) =1
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T6i vu DFA

=Y tuong: ghép cac trang thai twong duong (ham
move gi0ng nhau)
= Vi du: xét DFA doan nhan b*ab*a
= Ta thay 3 va 4 tuong duong:
= move(3,a) =5
= move(3,b)=4 -
= move(4,a) =5
= move(4, b) =4
* Ghep 3 va 4 thanh trang thai 3
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T6i vu DFA

= Vi DFA méi, ta thay 1 va 2 twong duong:
= move(l, a) =3 b
= move(l, b) =2 e b
= move(2, a) =3 b ()
* move(2,b)=2  Start, a3 )°
= Ghep trang thai 1 va 2 thanh trang thai 1, ta duoc
trang thai to1 uu sau h 5

s‘rari(@v a :(370 @

= Cht ¥: chua co thuat giai toi wu cho bai toan nay
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T6i vu bang chuyén

= T6 chtrc bang chuyén thuong st dung ma trin
= Uu diém: don gian, dé hiéu, toc do cao
» Nhuoc diém: kich thudc 16n, dé nham 1an khi ma hoa
= C6 mdt so chién thuat toi vu bang chuyén, chu yéu
dua trén y tuéng neén cac trang thai gidbng nhau

int edges[][] = { /* ---0 1 2------.e £ gh i j--- */
/* state 0 */ {0,0,---0,0,0---0---0,0,0,0,0,0---},
/* state 1 */ {0,0,---7,7,7---9---4,4,4,4,2,4.--},
/* state 2 */ {0,0,---4,4,4.---0---4,3,4,4,4,4---},
/* state 3 */ {0,0,--4,4,4---0---4,4,4,4,4,4---},
/* state 4 */ {0,0,---4,4,4.--0---4,4,4,4,4,4---},
/* state 5§ */ {0,0,.--6,6,6---0---0,0,0,0,0,0---},
/* state 6 */ {0,0,---6,6,6---0---0,0,0,0,0,0---},
/* state 7 */ {0,0,:-+7,7,7---0---0,0,0,0,0,0---},
/* state 8 */ {0,0,---8,8,8---0---0,0,0,0,0,0---},
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B0 phan tich trr vung dua trén
DFA
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DFA trong thuc té

DFA trong thuc té 1a viéc ghép tir rat nhiéu cac DFA
con, hdy xem DFA dud1 day va chi ra nhiing tu loai
ma no doan nhan

a-e, g-z, 0-9

IDm error REATL
f 0-9, a-z u 9 U 9
@Q—0 "O% ©2-2

\\ u

REAL

blank,
etc. error whlte space
whlte space Brror
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SN
Bo PTTV dua tren DFA &

// dau vao: chuoi x ké&t thic bdi ki hiéu EOF
// dau ra: trang thai chdp nhan hodc 16i (ERROR)
s := START;
while (s != ERROR) {
c := nextInput(x);
it (c == EOF) break;
s := move(s, C);
}
if (isAcceptState(s)) return acceptState(s);
else return ERROR;

TRUONG XUAN NAM 48



Phan 5

Bai tap
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Bai tap

1.

Hinh bén thé hién d6 thi 1 |
chuyén cia mot DFA (bat dau / 1 @

ttr q,). Hay cho biét DFA d6 ol 1o ol |o
sau doan nhan ngon ngr nao? | . "
(viét dang biéu thirc chinh ql\‘ @
quy) 1

DFA dwdi doan nhén biéu thirc

nao?
stdrt ﬁ g/
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Bai tap

X

3. DFA dwéi day doan nhan biéu thirc chinh quy nao?

f‘*@a@%@ﬂ@ﬁ-@
ey e
CERoEFO

4. DFA dwéi day doan nhan biéu thirc chinh quy nao?

- OH0-0 00
‘\_///

a

5. DFA dwéi day doan nhan biéu thirc chinh quy nao?

N\ 1 0
Soaroarcs.
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X

Bai tap

6. Xay dwng NFA doan nhan biéu thirc (\+? | -?) d+

7. Xay dueng NFA doan nhan cac biéu thirc dwéi day:
(@* | b*)*

((e | @) b)*

(a | b)*abb(a | b)*

(if | then | else)

a((blaxc)x)*|x*a

ab* (a|b)+ a

(ale)b*ab

8. Xay dung DFA doan nhan (o|(1(01*(00)*0)*1)*)*

=

N oUW
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Bai tap

X

0.

Chuyén doi NFA sau thanh DFA
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Bai tap

11. Chuyén doi cac NFA sau thanh DFA

— A
(D
N

TOS0n0N0  @emeoan
brot0t00 g
L@i}@i}

i"'@i"'i"@i’*
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Bai tap

12. Xay dwng DFA t6i wu cho:

1.
2.

3.

(a
(a
(a

b)* a(a
b)* a(a
b)* a(a

b)
b) (a | b)
b)(a|b)(a|Db)

13. T6i wu héa DFA duwéi déy (né’u c6 thé)

%’*—@

0

@H@H@HC
U

TRUONG XUAN NAM

55



