A CHUGNQ 3
PHAN TICH TU VUNG

3.1. Vai tro cua b phan tich tir vung
1. Token, mau, tri tit vung
Bang 3.1 Bdng danh biéu ciia token

Token Tri tif vung Y nghia ctia miu
const const const
if if if
then then then
ralation <, <=, <> =,>= cac toan ti quan hé
num 3.14,2.5,7.6 hing sO batky
id abc, ou, bcl... chudi gom ky tu chit va so,
bit dau 1a ky tu chit
literal ‘abcef’ 1a chudi ky tu bat ky ndim
gitta 2 diu




Chudng trinh

token

nguon | By phan tich | BO phin
" > - tich CP
£t VUIQ cau toky
Bang danh bi€u

Hinh 3.1. Su giao tiép giita bo phdn tich tir vung va bo phdn tich
cu phdp

3.2. CAC TINH CHAT CUA TOKEN
3.3. CHUA TAM CHUGNG TRINH NGUON
1. Cap by dem

Cdu tao



A c = B|*| .| -] 2]|eof

Hinh 3.2. Cdp bo dém
Quy trinh hoat dong
Giai thudt:
if p2 § ranh giGi mdt nora bd dém then
begin 14p day N ky hi€éu nhip méi vao nia bén phai
p2:=p2+1;
end
else if p2 G tdn cung bén phai bd dém then
begin 14p day N ky hiéu nhdp vao nita bén trdi bd dém
chuyén
p2 vé ky tu tin cing bén trdi clia bd dém end
else p2 :=p2 + 1;



2. Phuong phdp cdm canh

A c = B|*|X|EOF| - | 2 | EOF EOF

) \ )

Y

N'ky tur
y N ky tu

pl p2

Hinh 3.3. Cdp by dém theo phuong phdp cam canh

Giai thudt:
p2:=p2+ I;
if p2  eof then
if p2 ¢ ranh gi6i mot nora bd dém then
begin
chat day N ky hiéu nhap vao nira bén phdi bd dém:;
p2:=p2+1
end



else if p2 G tAn cung bén phai bd dém then

begin
14p day N ky hiéu vao n bén trdi bd dém; chuyén p2
vé dau bo dém

end

else /* dung su phan tich tu vung */

3.4. Dac ta token
Cdc quy tdc dinh nghid biéu thitc chinh quy
1. € 1a bi€u thic chinh quy, bi€u thi cho tip {e}
2. a 12 ky hiéu thudoc I, bi€u thi cho tip {a}
3.1 va s 12 hai bi€u thic chinh quy, bi€u thi cho L (r) va L (s) thi:
~a) (r)](s)1a bi€u thic chinh quy, bi€u thi cho L(r) U L(s).
b) (r) (s) 1 bi€u thitc chinh quy, bi€u thi cho L(r) L(s).
¢) (r)* 1a bi€u thitc chinh quy, bi€u thi cho (L(1))*.
d) r1a bi€u thic chinh quy, bi€u thi cho L(r).



Thi du 3.1. Cho X = {a, b}
1. alb
2. (a|b) | (b| a)
3. a*
Hai bi€u thic chinh quy tuong duong r va s, ky hiéur =ss.
2. Dinh nghia chinh quy
N€u X 1a tAp ky hi€u cdn bdn, thi dinh nghia chinh quy 14 chudi dinh
nghid co dang: d, —> 1,
d, — r,
Thidu 3.2. letter > A|B|.|Z|a|b]|.|z
digit > 0 |1]..] 9
id — letter ( letter | digit)*

Thidu 3.3. digit— O0|1]..|9
digits — digit digit*
optional_fraction — .digits | €
optional_exponent — (E (+| - |e) digits) | €



3.5. Nhan dang token
Thi du 3.4. Cho vdn pham G:
stmt — if exp then stmt
| if exp then stmt else stmt
| €
exp — term relop term | term
term — id | num

Pinh nghia chinh quy
if — i1f then — then else — else
relop > <|<=|>| >=|<>|=
id — letter (letter | digit)*
num — digit+ (.digit+ | €) (E(+ |- | €) digit+ | € )
delim — blank | tab | newline
ws — delim*

Tw dinh nghia chinh quy ta xay dung bdng mau cho token nhu § bang
3.3 trang 74.



3.6. So do dich
1. Miéu ta

Bit dﬁu——»@ > ; Hinh 3.4. So do dich cho >=

va =

other *

Start @ return (relop, LE)

> ;@ return (relop, NE)

other *

=@ return (relop, LT)
=@ return (relop, EQ)

> (6 (I’GIOP, EQ)
*
other > return (relop, EQ)

Hinh 3.5. So d6 dich nhdn dang token relop




Luu y:
- Phan khai bdo bao gom khai bdo hiing, bi€n bi€u thi va cdc dinh
nghia chinh quy.
- Phan quy tic bién dich 13 cdc phét bi€u c6 dang:
p; = {hanh vi ng¥ nghia 1}
p, = {hanh vi ngf nghia 2}

p, — {hanh vi nglf nghia n}

3.8. Automat htu han

1. Automat hitu han khong tat dinh (NFA)

Thi du: Cho NFA:

Tap trang thdi S = {0, 1,2, 3}; = = {a, b}; Trang thdi bit dau so = 0;
Tap trang thdi k€t thic F = {3}.






Bang 3.4. Bdng truyén cho NFA & hinh 3.10

..| Ky hi¢unhap
Trang thai
a b
0 {0, 1} 10}
1 - 12}
2 - 13}

NFA chip nhin mdt chudi nhdp x né€u va chi néu ton tai mdt dudng
nao do trong so do tir trang thdi bit dau dén trang th4i k&t thic sao
cho tit cd tén cliia cdc canh con dudng cho chudi x. NFA chidp nhin
chudi aabb.

2. Automat hitu han tdt dinh (DFA)

DFA 1a trudng hop didc biét cia NFA, né khong c6:

i) Sy truyén rong.

ii) V&i mdi trang thdi s va ky hi€u nhip a chi ton tai nhi€u nhat mot
canh c6 tén a xudt phat tu s.



Gidi thudt 3.1. M6 phong hoat ddng cua DFA trén chudi nhap x.
Thi du 3.5

start =@ a =@a—_»@ b =@ b =@

Hinh 3.12. DFA nhdn dang ngoén ngit (a /b)*abb

3. Chuyén NFA sang DFA
Gidi thudt 3.2. Xay dung tap con (Tao DFA tu NFA).
Nhdp: Cho NFA goila N.
Xudt: DFA goila D, nhin dang cung ngdn ngit nhu NFA.
Phuong phdp: Xay dung bang truyén cho D. Mdi trang thdi cia D 1a
tap trang thdi cda N. D mo6 phdng ddng thdi moi chuyén dong cta N
trén chudi nhap cho trudc bing cdc tdc vu:
e-closure (s); e-closure (T); move (T, a)



Mo phong 3.2. X4y dung tip con

Giai thudt: Tinh e-closure

DAy tit cd cdc trang thdi trong T 1én stack; Khditao e-closure (T)
cho T.

Mo phong 3.3. Tinh e-closure

Thi du 3.6. (H.3.13 ) 1a NFA nhian dang ngébn ng¥ (a | b )* abb. Ching
ta dung gidi thuat 3.2 d€ xay dung DFA tuong duong.

/%H@HH@{)
N0 S

Hinh 3.13. NFA nhdn dang (a /b)* abb

star

—>






3.9. T biéu thitc chinh quy dé€n NFA

Xdy dung NFA tir biéu thiic chinh quy

Gidi thudt 3.3. Xay dung NFA tir bi€u thic chinh quy (Cau tric
Thompson’)

Nhdp: Bi€u thitc chinh quy r trén X.

Xudt: NFA nhan dang ngdn ngit L (r).

Phuong phdp:

Quy tdc:

1. V61 € , x4y dung NFA

start . €
OEN0

2. V61 a thudc X, xay dung NFA

start . a
O @




3. Gid st N('s ) vaN( t) 1a NFA cho biéu thitc chinh quy s va t
- Véis | t xay dung NFA hon hop N (s t)




- V6i bi€u thitc s* , xay dung NFA N (s%)

- Biéu thic s thi N (s) 124 NFA nhin dang L (s)

Cdc tinh chdt cud NFA xdy dung theo cdu triic Thompson’

Thi du 3.7.

Gidi thudt 3.4. M6 phong NFA

Nhdp: NFA goila N dudc xay dung theo gidi thuat 3.3, chudi nhap x.
X dudc k&t thic bing eof, N c6 trang thai bit dau sO va tip trang thdi
két thic F.

Xudt: Giai thudt trd 131 ddng néu N chap nhin x, ngudc lai trd 151 sai
Phuong phdp:

Gidi thudt: M6 phong 3.4.



Thi du 3.8. Gia st ta c6 NFA & (H.3.13), x 1a chudi nhidp chia a.
Dung gidi thuit 3.4 xét xem NFA c6 chap nhan x ?. K&t qiia gidi thuat
tra 151 sai ( nghia 1a a khong thudc ngdn ngir do NFA nhin dang

Thoi gian va khéng gian can thiét cho viéc nhdn dang mét chudi nhdp:
- D61 v6i DFA: khong gian O (2 ()) va thdi gian O (x| ).

- D061 v6i NFA: khong gian O (Jr | ) va thdi gian O (|| * | x| ).

3.10. Xay dung DFA truc ti€p tir bi€u thitc chinh quy va van dé toi
uu héa viéc so trung mau

1. Trang thdi quan trong cua NFA

Trang thdi quan trong 12 tif né ¢6 su truyén khdc rdng. Nhu vay néu
hai tAp trang thdi c6 cling so trang thdi quan trong thi ching dugc
dong nhat. NFA dudc x4y dung theo ciu tric Thompson’ ¢é trang thdi
k&t thic khong c6 sy truyén ra, nhu vy né khong phai Ia trang thai
quan trong ( nhung thuc su né lai rit quan trong ). P€ tranh tinh trang
nay ngudi ta thém ky hiéu # vao sau bi€u thitc chinh quy, va trang
thdi k€t thic ¢ su truyén trén ky hiéu #. Khi xay dung tap con hoan
t4t thi trang thdi ndo c6 su truyén trén # 12 trang thdi chAp nhan.



- Bi€u thifc r# dudc goi 1a bi€u thitc chinh quy gia td.
Vin pham ciia biéu thiic chinh quy:

exp —»> exp |term  exp — term term — term e factor
term — factor factor — factor* factor - (exp)
factor »> a factor > b
[
[ /
[ /
° / #
_— b 6
; N\ b s
a 4
3

N / \ Y
I 2
Hinh 3.16. Cdy phan ra ciia biéu thiic gia t0 (a/b )* abb#



OLOROROLG)

Hinh 3.17. NFA duoc xdy dung tw ( a/b )* abb#

Luu y:
- Céc trang thai dudc ky hiéu bing s6 12 trang thai quan trong; Cac
trang thdi dugc ky hi€u bang chir 1a trang thdi khong quan trong.
- O thi du 3.6 trang thai A va C c¢6 cling s0 trang thdi quan trong 1a
2,47 ,trong (H3.17)1a 1,2,3:

A={0,1247} C={12457)






Bang 3.6. Cdc quy tdc dé tinh ba ham nullable, firstpos, lastpos

Nut n nullable (n) firstpos (n) lastpos (n)
n la ndt co tén true
la €
n la ndt co tén False (i) (i)

la vitrii

O}

nullable(c,) or

firstpos(c,) U

lastpos(c,) U

@ @ nullable(c,) firstpos(c,) lastpos(c,)
0 if nullable(c,) if nullable(c,)
1 nullable(c,) and | then firstpos(c,) U | then lastpos(c)
Q @ nullable(c,) firstpos(c,) U lastpos(c,)
else firstpos(c,) else lastpos(c,)
o
n
true Jirstpos(c,) lastpos(c,)




Cic quy tac tinh ham followpos (n):

1. N€u niit n 13 nit car v6i con bén trdi 1a ¢, con bén phdila ¢, vaila
vi tri trong lastpos(c,), thi tit cd vi tri trong first(c,) s& cho vao
followpos(1).

2. N€u n 12 nut star va i 12 vi tri trong lastpos(n) thi tt cd cdc vi tri
trong firstpos(n) s€ cho vao followpos(i).

Thi du 3.10. Ta x4c dinh DFA cho bi€u thiic (a | b)* abb

Daid;

14iaid;

2 (33a(3)

1 11,2}
/I\

ia{ly 25a{2;

Hinh 3.19. Tinh cdc ham nullable, firstpos, lastpos cho cdc niit trén cdy
phan tich cua biéu thiic ( a/b )* abb



Sau d6 ta tinh ham followpos.
Bang 3.7. cdc tri followpos ciia cdc niit trén cdy ¢ (H.3.19)

Nut followpos
1 {1,2,3}
2 {1,2,3}
3 {4}

4 {5}
5 16}
6

Gidi thudt 3.5. Xay dung DFA tir bi€u thic chinh quy

Nhdp: Bié€u thitc chinh quy r.

Xudt: DFA goila D, nhin dang ngén ngit L( 1)

Phuong phdp :1. Xay dung ciy phén tich cho BTCQ gia t0 r#.

2. Tinh cac ham nullable, firstpos, lastpos va followpos cho cac nut
trén cay phan tich

3. X4y dung céc trang th4i, hAm truyén va bang truyén cho D bing
thi tuc 6 (m6 phong 3.5).



Thu tuc tao tap con la cac trang thai cua DFA:
Lic dau D chi c6 mdt trang thdi bdt dau 12 firstpos(root) , chua dudc
danh dau.
Mo phong 3.5. Thii tuc tao tdp con
while c6 trang thai T chua dudc ddnh du, trong tap trang thai
cia D do begin dinh dau T;
for v6i moi ky hiéu nhap a do;
begin v61 U 1a tdp cac vi tri trong followpos (p), p 1a vi tri trong
T, sao cho ky hi€u tai vitri p 1a a;
if U khong rong va chua c6 trong tip trang thdi cia D
then begin thém U vao tap trang thdi cia D va la trang thai
chua dugc ddnh diu;
DIT, a] :=U;
end;
end;
end;

Luu y: trang thdi két thic ctia D ¢6 chita vi tri ctia y.



Thi du 3.10. X4y dung DFA tit btcq ( a|b )* abb. (trang 103 -104)

3. Toi thiéu s6 trang thdi ciia DFA

- Khdi niém DFA day du, trang tdi chét d.

- Chuoi w phan biét trang th4i s v4i trang thdi t.

Thi du: DFA & (H.3.14, tr. 90), néu xuat phat tir C d€ nhin dang w=bb
thi khong di dudc dén trang thdi chdp nhan, ngudc lai tir B thi di dén E
1a trang thdi chap nhan.

Gidi thudt 3.6. To1 thi€u sd trang thdi cia DFA.

Nhdp: DFA, goila M ¢6 S, Z, s, F. M 1a DFA day du.

Xudt: DFA, goi la M’ chdp nhdn ngdn ngit nhu M, véi sO trang thai
nhd nhAt.

Phuong phap:

1.Tao IT khdi dau ¢6 2 nhém: céc trang thdi két thic F, va cdc trang
thai khong két thuc S - F.

2. Ap dung thi tuc (md phdng 3.6) d€ tao I1
3.Néull . =TIIthi I1

new final

2,vé1l1l =11,

new °

=TI, ti€p tuc budc 4, ngudc lai lip lai budc



4. Ching ta chon moi nhém 1 trang thdi dai dién va dé 12 trang théi
cua M .

5. N€u M’ ¢6 trang thai chét d thi loai n6 ra khdi M’. T4t ca cdc su
truyén dé€n trang thdi d déu khong x4c dinh.

Mo phong 3.6. Gidi thudt tao I,

for v6i moi nhém G cua IT do begin

- chia G thanh cac nhém nho hon sao cho hai trang thai s va t
cia G sé & cing mot nhém nhd hon n€u va chi néu cdc sy truyén trén
tdt cd cdc ky hiéu nhip a tir s va t déu di dén cdc trang thdi k€ tiép &
trong cuing mdt nhom cua IT,;

- ta thay G biang cdc nhém nhd hon vira dugce tao nén, cho
chiang vao Il ., ;

end;

Thi du 3.11. Cho DFA nhu & (H. 3.14, tr. 90).
Cach giai 6 tr. 106 — 107.



4. Cdc phuong phdp nén bdng truyen FA
1. Thu giam hang va cot du thita

0 - 010000 2222222220-030-0

N J N J  \ J N J
Y Y Y Y Y

y next
yrmap 010 13 ] 11]-1]0
1 |1 -1 21151
2 | 2 -1 -1 2|52
313 -1 |-1]2 -1 3
4 | 4 -1 p-1]-21-1] 4
5 | 4 -1 |-1]4]-1]| 4
o 1 2 3

Hinh 3.21. Bdng truyén duoc nén bang phuong phdp thu gidm hang va
cot du thua



2. Nén cdp

ynext

0

‘07,3

407,1

‘17,1

27,1

‘37,1

64,’2

‘57,2

-1-1.12-1.....1111111111-1...-1 5-1...

‘0,2

‘17,2

42’,3

‘3’,4

44’,1

‘57,1

0,1

61,,1

42,,2

37,2

647,2

‘5,2

‘6,2

407,4

‘1’,4

627,4

‘37,2

447,2

‘5°,2

‘6°,2

‘07,2

‘17,2

27,2

‘37,2

647,1

‘5,1

Hinh 3.22. Bdng truyén nén theo phuong phdp nén cdp

ynext 0

ynext 1

ynext 2

ynext 3

ynext 4

ynext 5



M6 phong 3.7. Gidi thudt tim trang thdi ké tiép trén bdng truyén da
duoc nén
row .= ynext [t];
[ := row”[0], /* row” 12 ma trin 1 chi€u ynext t */
if I =0 then
begin c :=ord (a)
s :=row”[c]; /* s 1a trang thdi k& tiép */
end
else begin
while (a <> row” [1]. chart) and (1 <) do

1:=1+ 1;
if a = row”\[1]. chart then s := row”[1]. State
else writen (‘sai — 101 tf vung’);

end;



3.11. Thi€t ké& bd sinh bo phan tich tif viung

Chuong trinh m6 phong FA va
Pic ta lex Trinh bién dich bang truyén

>

Lex

a)

| l B6 dém nhap

Chuong trinh
mo phong FA

|

Bing truyén

b)

Hinh 3.23. Trinh bién dich Lex va By phdn tich tir vung



1. Mdu so trung trén co sé NFA

Hinh 3.24. NFA duoc tao ra tiw suw ddc ta LEX








