CHUONGIV
PHAN TiCH CU PHAP

Noi dung chinh:

MJi ngén ngit 1ap trinh déu c6 cac quy tic dién ta cdu tric ca phap cia cac chuong
trinh c¢6 dinh dang ding. Cac cau trac cu phap nay dugc mo ta boi van pham phi ngir
canh. Phan dau cua chuong nhéc lai khai niém van pham phi ngir canh, cach tim mat
van pham twong duwong khong con dé quy trdi va mo hd. Phan 16n ndi dung cua
chuong trinh bay cac phuong phap phan tich ¢ phap thuong duge sir dung trong cac
trinh bién dich: Phan tich cu phap tir trén xuong (Top down) va Phdn tich cii phap tur
duoi lén (Bottom up). Cac chuong trinh ngudn co thé chira cac 16i ¢t phap. Trong qua
trinh phén tich ca phap chuong trinh ngudn, s& rat bt tién néu chuong trinh ding va
thong bao 15i khi gip 16i dau tién. Vi thé can phai c6 k¥ thuat & vuot qua cac 16i ct
phap dé tiép tuc qua trinh dich - Cac k¥ thuat phuc héi I6i. Tt van pham dic ta ngdn
ngir lap trinh va Iya chon phuong phap phén tich ci phap phu hop, sinh vién co thé tu
minh x4y dung mot bg phdn tich cii phdp. Phan con lai ciia chuong gidi thiéu cong cu
Yace. Sinh vién c6 thé sir dung cong cu nay dé tao bo phan tich ct phéap thay vi phai tu
cai dat. Mo ta chi tiét vé Yacc duoc tim thay & phan phu luc B.

Muc tiéu cin dat:
Sau khi hoc xong chuong nay, sinh vién phai nim duoc:
e Céic phuong phap phan tich ct phap va cac chién lugc phuc hoi 16i.
e (Céach ty cai dat mot b phan tich cu phap tr mot van pham phi ngt canh xac
dinh.
e Cach st dung cong cu Yacc dé sinh ra bo phan tich ca phap.

Kién thirc co ban:
Sinh vién phai co cac kién thirc vé:
e Vin pham phi ngit canh (Context Free Grammar — CFG), Automat diy xubng
(Pushdown Automata — PDA).
e Cach bién d6i tir mot CFG vé mot PDA.

Tai liéu tham khdio:

[1] Automata and Formal Language. An Introduction — Dean Kelley — Prentice
Hall, Englewood Cliffs, New Jersey 07632.

[2] Compilers : Principles, Technique and Tools - Alfred V.Aho, Jeffrey
D.Ullman - Addison - Wesley Publishing Company, 1986.

[3] Compiler Design — Reinhard Wilhelm, Dieter Maurer - Addison - Wesley
Publishing Company, 1996.

[4] Design of Compilers : Techniques of Programming Language Translation
- Karen A. Lemone - CRC Press, Inc, 1992.

[5] Modern Compiler Implementation in C - Andrew W. Appel - Cambridge
University Press, 1997.
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I. VAI TRO CUA BQ PHAN TiCH CU PHAP

1. Vai tro caa bo phéan tich ca phap

B§ phén tich cu phap nhén chudi cic token tir bo phan tich tr vung va xac nhén
rang chudi nay co6 thé duoc sinh ra tir vin pham cia ngdn ngir nguon bang cach tao ra
cdy phan tich ct phap cho chudi. B phan tich ¢t phép ciing ¢ co ché ghi nhan céc 15i
cli phap theo mot phuong thire linh hoat va c6 kha niang phuc hoi dugc cac 16i thuong
gip dé co thé tiép tuc xir Iy phan con lai ctiia chudi nhap.

Chuon Bo token | Bo phan | Cay Phin |Bifu di.én
= ha | tichcd | phan thh onlai  [frung gian
trinh phan e Ichcu | .. con la1 >
ngudn tichtr | LAy tokenf —ppgp  |'cd phap cua front
¢ vung tiép end
Bang ky hi¢u

Hinh 4.1 - Vi tri cua bg phdn tich cu phdp trong mé hinh trinh bién dich
2. Xir ly 16i ¢t phap
Chuong trinh ngudn c6 thé chira cac 16i & nhiéu mirc d khac nhau:
- Ldi tir vieng nhu danh biéu, tir khéa, toan tir viét khong dung.

- Loi ci phap nhu ghi mdt bi€u thirc todn hoc voi cac dau ngodc dong va md
khong cén bang.

- L&i ngir nghia nhu mot toan tir ap dung vao mot toan hang khong tuong thich.
- Ldi logic nhu thuc hién mot 16i goi dé qui khong thé két thuc.

Phan 16n viée phat hién va phuc hdi 16i trong mot trinh bién dich tip trung vao giai
doan phan tich cu phap. Vi the, b xur Iy 161 (error handler) trong qua trinh phan tich ca
phap phai dat muc dich sau:

= Ghi nhan va thong bdo 16i mot cach rd rang va chinh xac.
= Phyc hoi 16i mot cach nhanh chong dé c6 thé xac dinh cac 16i tiép theo.

= Khong lam cham tién trinh cia mot chuong trinh dung.
3. Cac chién hrge phuc héi 16i

Phuc hdi 15i 1a k¥ thuat vuot qua cac 16i dé tiép tuc qué trinh dich. Nhiéu chién
lugc phuc hoi 16i ¢ thé dung trong bd phan tich ci phap. Mac du khong co chién lugc
nao duoc chip nhan hoan toan, nhung mot sd trong chiing da duoc ap dung rong rai. O
day, chung ta giéi thiéu mot sb chién luge :

a. Phuwong thirc "hoang s¢" (panic mode recovery): Day la phuong phap don
gian nhat cho cai dat va c6 thé dung cho hau hét cac phuong phap phan tich. Khi mot
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lSi, dugc phat hién thi bo phan tich ¢ phap bo qua timg ky hiéu mét cho dén khi tim
thay mot tap hop dugc chi dinh cua cac token dong bd (synchronizing tokens), cac
token dong bo thudng la dau cham phay (;) hodc end.

b. Chién lwgc mic ngir doan (phrase_level recovery): Khi phat hién mot 16, bo
phan tich ¢ phap c6 thé thyc hién sy hiéu chinh cuc bd trén phan con lai cia dong
nhap. Cu thé 14 thay thé phan dau con lai bang mot chudi ky turco thé tiép tuc. Chang
han, ddu phay (,) bai dau chim phay (;), x6a mot dau phay la hoic thém vao mot dau
cham phay.

¢. Chién lwgc dung cac luat sinh sira 16i (error production): Thém vao van pham
ctia ngdn ngit nhitng luat sinh 15i va str dung van pham nay dé x@y dyng bd phén tich
cu phap, ching ta co thé sinh ra bd doan 13i thich hop dé chi ra cu tric 16i dugce nhan
biét trong dong nhap.

d. Chién lwgc hiéu chinh toan cuc (global correction): Mot cach 1y tuong 1 trinh
bién dich tao ra mot sd thay d6i trong khi xtr Iy mot 16i. Co nhitng giai thuat dé lua
chon mot sb tdi thiéu cac thay ddi dé dat duge mot hiéu chinh c6 chi phi toan cuc nhé
nhét. Cho mot chudi nhap co 16i x va mot van pham G, cac giai thuat nay sé tim duoc
mot cdy phan tich ct phap cho chudi y ma sb lugng céc thao tac chén, x6a va thay doi
token can thiét dé chuyén x thanh y 1a nhé nhat. Noi chung, hién nay ky thuat nay van
con & dang nghién ctru 1y thuyét.

I1. BIEN POI VAN PHAM PHI NGU CANH
Nhiéu ngon ngit 1ap trinh c6 cau trac dé quy ma né cé thé dugc dinh nghia bang

cac vin pham phi ngir canh (context-free grammar) G véi 4 thanh phan G (V, T, P, S),
trong do:

V : 14 tap hitu han cac ky hiéu chua két thiic hay cic bién (variables)

T : 1a tap hiru han céc ky hiéu két thiic (terminals).

P : 1a tap luat sinh ctia van pham (productions).
e S e V:1aky hiéu bit diu cia vin pham (start symbol).

Vi du 4.1: Vin pham véi cac luat sinh sau cho phép dinh nghia cac biéu thiic s6
hoc don gian (véi E 1a mdt bi€u thirc expression) :

E—>EAE|@®)|-E]id
Ao +|-]=[/]1

1. Cy phén tich cii phap va din xuit

Cay phan tich ct phap c6 thé duoc xem nhu mot dang biéu dién hinh anh cta mot
dan xuat. Ta ndi ring aAB dan xuat ra ayP (ky hiéu: a AP = oyp) néu A — y 1a mot
luat sinh, o va B 1a cac chudi tuy ¥ cac ky hiéu van pham.

Néuo; = o = .... = a, tandi o; dan xuit ra (suy ra) a,
Ky hi¢u = : dan xuat ra qua 1 budc

* X A - A 7
= :dan xuat ra qua 0 hodc nhiéu budc.
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— . din xuét ra qua 1 hoic nhiéu budc.
Ta c6 tinh chét:
1. a=" avéiVa
2. a= Pvap="ythi a=" vy
Cho mét vin pham G véi ky hiéu bat dau S. Ta ding quan hé =" dé dinh nghia

L(G) mot ngdn ngtr duoc sinh ra bdi G. Chuoi trong L(G) c6 thé chi chira mot ky
hiéu két thiic cia G. Chudi cac ky hiéu két thic w thudc L(G) néu va chi néu S =" w,
chuoi w dugc goi 1a mot cau cua G. Mot ngon ngtt dugc sinh ra bdi mot van pham goi
la ngon ngr phi ngr canh. Néu hai van pham cung sinh ra cung mot ngoén ngir thi
ching dugc goi 1a hai van pham tuong duong.

Néu S =" a, trong d6 o c¢6 thé chira mot ky hiéu chwa két thuc thi ta noi ring o 13
mot dang cau (sentential form) cia G. Mot cau la mdt dang cau céd chura toan céc ky
hiéu keét thuc.

Mot cay phén tich ct phap c6 thé xem nhu mot biéu dién dd thi cho mot din xuat.

Pé hiéu duoc bd phén tich ¢ phap 1am viéc ta can xét dan xuat trong d6 chi co ky
hiéu chua két thuc trai nhat trong bat ky dang cau nao duogc thay thé tai mdi bude, dan
xuat nhu vay duoc goi 1a trai nhat. Néu a = B trong d6 ky hiéu chwa két thic trai nhat
trong o dugc thay thé, ta viét o =" 1, B

A * /- \ A re -
Néu S = |, o tandéi a la dang cau trai cua van pham.

Tuong tu, ta c6 dan xuat phai nhat - con goi la dan xuat chinh tac (canonical
derivations)

Vi du 4.2: Cay phan tich ci phap cho chudi nhap : - (id + id) sinh tir vin pham
trong vi du 4.1 E

Hinh 4.2 - Minh hoa mot cay phdan tich cu phap
Pé thay mdi quan hé giita cdy phan tich ct phap va dan xudt, ta xét mot dan xuit :
o] = 0= .... = a, trong d6 a;1a mot ky hiéu chua két thic A.
Véi mbi o, ta xay dung mot cay phan tich ct phap. Vi du véi din xuét:
E=-E=-(E)=-(E+E)=-(1d+E)=-(id +1id)
Ta c6 qué trinh xay dung cay phan tich cu phap nhu sau :
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Hinh 4.3 - Xdy dung cdy phdn tich cii phdp tir dan xudt
2. Loai b6 sw mo ho

Mot vian pham tao ra nhiéu hon mot cdy phan tich ca phap cho cing mot chudi
nhap dugc goi 1a vin pham mo hd. Néu mot van pham 1a mo ho, ta khong thé xac dinh
duoc cay phan tich ¢t phap ndo s& dugc chon. Vi thé, ta phai viét lai mot vin pham
nham tranh sy mo ho ctia nd. Mot vi du, chung ta s& loai bo su mo hd trong van pham
sau :

Stmt — if expr then stmt

‘ if expr then stmt else stmt

‘ other
Day 1a mot van pham mo ho vi cau nhép if E1 then if E2 then S1 else S2 s& co hai
cay phan tich cu phap :
Stmt
if expr then Stmt
Jl if expr then Stmt elsem tmt

! | J
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Stmt

if expr then Stmt elsem Stmt

E, if %tmt iz
éz .J]

Hinh 4.4 - Hai cdy phan tich cu phap cho mot cau nhap

De tranh sy mo ho nay ta dua ra nguyén tac "Khop mdi else v6i mot then chua
khép gan nhét trude d6". Véi qui tic nay, ta viét lai van pham trén nhu sau :

Stmt — matched stmt | unmatched stmt
matched stmt  — if expr then matched stmt else matched stmt
| other
unmatched stmt — if expr then Stmt
| if expr then matched stmt else unmatched stmt

Vén pham twong duong nay sinh ra tap chudi gibng nhu vin pham mo ho trén,
nhung no chi c6 mot cach din xuét ra cdy phan tich ca phap cho ting chudi nhép.

3. Loai b6 dé qui trai

Mot van pham la dé qui tréi (left recursive) néu n6 c6 mot ky hiéu chua két thuc A
sao cho co mot dan xuat A =" Ao, v6i a 1a mot chudi ndo d6. Cac phuong phap phan
tich tir trén xuong khong thé nao xir Iy van pham dé qui trdi, do d6 can phai ding mot
co ché bién do6i tuong duong dé loai bo cac dé qui trai.

D¢ qui trai c6 hai loai :
Loai true tiép: Dang A — Ao
Loai gian tiép: A =' Ao véii>?2
Xét van pham nhu sau:
S—> Aa|b
A— Ac|Sd|e

Bién S cung la bién dé qui trai vi S = Aa = Sda, nhung day khong phai 1a dé qui
trai truc ti€p.

. Vi dé qui trai true tiép: Luat sinh c6 dang:
A= Aoy Aaz ... | Ao [ Br | B2 ... [ Pn
S& thay thé boi : A= BA | BA | ... |B.A
{A' = WA A | ... |am A €
. V6i dé qui trai gian tiép (va noi chung 13 dé qui trai, ta str dung giai thuét sau)
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o Gidi thuat 4.1: Loai bé dé qui trai
Input: Vin pham khong tuan hoan va khong ¢ cac luat sinh € (nghia 13 van pham
khong chira cac dang A = "A va A— g)
Output: Van pham tuong duong khong d€ qui trai
Phwong phap:
1. Sap xép céc ky hiéu khong két thiic theo thir tir Aj, Ao, ..., A,
2. For i:=1 ton do

Begin
for j;=1toi-1do
begin
Thay luét sinh dang A; — A;y bo1 luat sinh Ai— 67| dyy | ... | Oky
trong d6 A;—> 8, | 8, | ... | 8 1a tat ca cac A, luat sinh hién tai;
end;

Loai bé dé€ qui trai truc tiép trong s6 cac A, luat sinh;
End;

Vi du 4.3: Ap dung thuat toan trén cho van pham vi du trén. Vé 1y thuyét, thuat
todn 4.1 khong bdo dam s€ hoat dong duoc trong truong hop van pham c6 chira cac
luat sinh g, nhung trong truong hop nay luat sinh A — ¢ 1o rang 1a "vo hai".

1. Sép xép cac ky hi¢u chua két thuc theo thir tu S, A.
2.Véii=1, khong co dé qui trai truc tiép nén khong c6 diéu gi xay ra.
Véi1=2, thay cac S - luat sinh vao A — Sd dugc: A> Ac|Aad|bd|¢
Loai bo d¢ qui trai truc tiép cho cac A luat sinh, ta dugc :
S— Aa|b
A— bdA'
A'—>cA'|adA | ¢

4. Tao ra yéu to trai

Tao ra yéu td trai (left factoring) 13 mot phép bién ddi vin pham rat c6 ich dé co
duoc mot van pham thuén ti¢n cho viéc phan tich du doan. Y tudng co ban 1a khi
khong rd luat sinh nao trong hai luat sinh kha trién c6 thé dung dé khai trién mot ky
hiéu chua két thuc A, chung ta c6 thé viét lai cac A - luat sinh nham "hoan" lai viéc
quyét dinh cho dén khi thdy du nguyén liéu cho mét lya chon dung.

Xét van pham cho cau Iénh if:
stmt — if expr then stmt else stmt

| if expr then stmt
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Khi gap token if, chung ta khong thé quyet dinh ngay can chon luat sinh nao dé
trién khai cho stmt. Dé glal quyet van dé nay, mot cach tong quat, khi co luat sinh
dang A — o, | af,, ta bién d6i luat sinh thanh dang :

A — aA'
{ A'—> By | B2
o Giai thuit 4.2 : Tao yéu td trai cho vin pham
Input: Van pham G
Output: Vin pham twong duong véi yéu td trai.
Phwong phap:

V61 moi ky hi¢u chua két thiic A, c6 cac ky hi€u dan dau céac vé phai giong nhau, ta
tim mdt chudi a 1a chudi c6 dd dai 16n nhat chung cho tat ca cac vé phai (a 1a yéu to

trai). Gia st A —> afi|op, | ... [ o]y, trong do y khong co chudi dan dau chung véi
cac vé phai khac. Ta bién doi luat sinh thanh :
{A SaA'ly
A= Bl Bal e | Ba

~ V6i A'la ky higu chua két thac méi. Ap dung 13p di 13p lai phép bién doi nay cho
dén khi khong con hai kha trién nao cho moét ky hi€u chua két thuc c6 mdt tién to
chung.

Vi du 4.4: Ap dung thuat toan 4.2 cho van pham sau:
S— iEtS|iEtSeS|a
E—b
Ta c6 vian pham twong dwong c6 chta yéu t trai nhu sau :
S—> iEtSS'|a
S'—> eS¢
E—> b

III. PHAN TiCH CU PHAP TU TREN XUONG

Trong myc nay, chung ta gii thiéu cac ¥ niém co ban vé phuong phap phén tich
cii phap tir trén xudng (Top Down Parsing) va trinh bay mot dang khong quay lui
hiéu qua ctia phuong phap phan tich tir trén xubng, goi 1a phuong phap phan tich dw
doan (predictive parser). Chung ta dinh nghia mot 16p van pham LL(1) (viét tit cua
Left-to-right parse, Leftmost-derivation, 1-symbol lockahead ), trong d6 phén tich du
doan co thé xay dung mdt cach tu dong.

1. Phan tich ct phap dé qui lui (Recursive Descent Parsing)

Phan tich cu phép tir trén Xuéng c6 thé duoc xem nhu mot nd luc tim kiém mot dan
Xudt trai nhat cho chudi nhap. N6 ciing c6 thé xem nhu mot nd lyc xay dung ciy phan
tich ca phap bat dau tir nat gdc va phat sinh dan xubng 14. Mot dang tong quat cta k§
thuat phan tich tir trén xubng, goi 1 phan tich ci phap dé quy lii, c6 thé quay lui dé
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quét lai chudi nhap. Tuy nhién, dang nay thuong rat it gap. Ly do 1a vé6i cac két cau
ngdn ngir 1ap trinh, chiing ta hiém khi ding dén no.

2. Bo phan tich ca phap du doan (Predictive Parser)

Trong nhiéu truong hop, bang cach Vlet vin pham mét cach can than, loai bo dé
qui trai ra khoi van pham rdi tao ra yéu t6 trai, chiing ta c6 thé thu dugc mot van pham
ma mot bo phan tich ¢t phap dé quy lui phan tich dugc, nhung khong can quay lui, goi
1a phan tich cti phap du doan.

X4y dung so dd dich cho b phan tich dy doan:

Dé xay dung so d6 dich cho phuong phap phén tich xudng, trudc hét loai bo d¢
qui trai, tao yéu t6 trai cho van pham. Sau d6 thuc hién cac budc sau cho mdi ky hiéu
chua két thic A :

1. Tao mot trang thai khéi dau va mot trang thai két thuc.

2. V6i mdi luat sinh A — X1X2 ... Xn , tao mdt duong di tir trang thai khéi dau
dén trang thai két thiic bang cac canh ¢6 nhan X1X2 ... Xn

Mot cach cu thé, so d0 dich duwgc vé theo cac nguyén tic sau:

1. Moi ky hiéu chua két thic twong ting véi mot so do dich trong d6 nhan
cho céac canh la token hodc ky hiéu chua két thuc.

2. Mbi token tuong g véi viéc doan nhan token d6 va doc token ké tiép
O0——O

3. Mbi ky hiéu chua két thuc twong Gng véi 101 goi thu tuc cho ky hiéu dé.
02O

4. Mbi luat sinh c6 dang A — oy | oo | ... | o, twong tmg véi so d6 dich

o

5. Mbi luat sinh dang A — o os.. .. o, tuong g vai so d6 dich

Vi du 4.5: Xét van pham sinh biéu thirc toan hoc
E—->E+T|T
T—>T*F|F
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F - (E) | id

Loai bo d¢€ quy trai trong van pham, ta dugc van pham tuong duong sau :

E->TE®
E>—>+TE’ |¢
T—>FT’

T > *FT’ |¢
F > (E)|id

Mot chuong trinh phén tich ci phap du doan duoc thiét ké dua trén so do dich
cho cac ky hiéu chua két thuc trong van pham. N6 sé& ¢ gang so sanh cac ky hiéu két
thuc véi chudi nguyén liéu va dua ra 10i goi dé qui moi khi né phai di theo mot canh
c6 nhan 13 ky hiéu chua két thuc.

Céc so d6 dich tuong tng :

E @_T.

Hinh 4.5 - Cdc so do dich cho cdc ky hiéu van pham

Céac so do dich co thé dugc don gian hoa béng cach thay so d6 ndy vao so dd
khéc, nhiing thay thé nay tuong ty nhu nhitng phép bién d6i tren van pham.

JoSiool0) @

Tuong ty ta co:
%k

O  @ee

Hinh 4.6 - Riit gon so do dich
Phéan tich du doan khong dé qui
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Chung ta c6 thé xdy dung b phan tich du doan khong dé qui bing cach duy tri
tuong minh mot Stack chir khong phai ngdm dinh qua cac 11 goi dé quy. Van dé chinh
trong qua trinh phan tich du doén 1a vi¢c x4c dinh luat sinh s€ duoc &p dung cho mot
bién & bude tiép theo. Mot bo phan tich du doan s€ lam viéc theo mo hinh sau:

a + b $ INPUT
STACK
Chuong trinh
X e phén tich ————— OUTPUT
Y
/ l
$ 9 A 14
Béang phan tich M

Hinh 4.7 - M6 hinh bo phan tich cu phap dv dodan khong dé quy
- INPUT la bd dém chira chudi can phan tich, két thac boi ky hiéu $.
- STACK chtra mot chudi cac ky hiéu van pham véi ky hiéu $ nim ¢ ddy Stack.

- Béing phan tich M lé} mot mang hai chiéu dang M[A,a], trong d6 A la ky hi€u chua
ket thic, a l1a ky hiéu két thac hoac $.

B6 phan tich ct phap dugc diéu khién bai chuong trinh hoat dong nhu sau: Chuong
trinh xét ky hi¢u X trén dinh Stack va ky hi¢u nhap hién hanh a. Hai ky hi€u nay xac
dinh hoat dong cta bd phan tich cu phap nhu sau:

1. Néu X = a = $ thi chuong trinh phan tich ct phap két thiic thanh cong.
2.Néu X =a #$, Pop X ra khoi Stack va doc ky hi¢u nhép tiép theo.

3. Néu X 14 ky hiéu chua két thuc thi chuwong trinh truy xuat dén phan tir M[X,a] trong
bang phéan tich M:

- Néu M[X,a] [a mot luat sinh ¢c6 dang X - UVW thi Ppp X ra khoi di’nh Stack
va Push W, V, U vao Stack (v6i U trén dinh Stack), dong thoi bo xuat sinh ra
luat sinh X - UVW.

- Néu M[X,a] = error, goi chuong trinh phuc hdi 13i.
o Gidi thuat 4.3 : Phan tich ci phap du doan khong dé quy.
Input: Chudi nhap w va bang phan tich ct phap M cho vin pham G.
Output: Néuw e L (G), cho ra mot dan Xuét trai cua w. Nguoc lai, thong bao 16i.
Phwong phap:

Khéi dau Stack chtra ky hiéu chua két thuc bat dau (S) trén dinh va bo dém chua
cau nhap dang w$.

Pit con trd ip tro toi ky hiéu dau tién cua w$ ;
Repeat
Goi X 1a ky hiéu trén dinh Stack va a 1a ky hi¢u dugc tro boi ip ;
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If X la ky hiéu két thuc hodc $ then
If X =a then lay X ra khoi Stack va dich chuyén ip
else error ()
Else // X 1a ky hiéu chua két thuc
If M[X,a]=X—>Y;Y;.... Y then
begin
Lay X ra khoi Stack;
Déy Yi,Yir, ....Y;  vao Stack;
Xuét ra luatsinh X > Y; Y,.... Yy
end
else error ()  /* Stack rong */
Until X=8$

Vi du 4.6: Xét vian pham da duoc khtr dé qui trai sinh biéu thirc toan hoc trong vi
dud.s:

E—->TFE
E>—>+TE’ |¢
T->FT
T —>*FI’ | ¢
F > (E)|id
Bang phén tich M ctia vin pham dugc cho nhu sau : (6 trong twong tng véi 16i)
Ky hi¢u chua Ky hiéu nhip
ket thuc id + % ( ) $
E E—>TE E—>TFE’
E E - +TE’ E— ¢ E'>¢
T T FT¢ T—>FT
T T'>e¢ T'> *FT’ T'>e | T'>e¢
F F—id F - (E)

Hinh 4.8 - Bang phdan tich cu phdap M cho van pham

Qua trinh phan tich ct phap cho chudi nhap: id + id * id dugc trinh bay trong bang
sau :

STACK INPUT ouTPUT
$E id+id*id $
$ET id+id*id$ |E—>TE'
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SETF id+id*id$ | T>FT

$ETid id+id*idS$ |F > id

SET +id*id §

$E +id*id§ |7

$ET+ +id*id$ |p 54+ TR

$ET id*id $

$E'TF d*idS$S | v S5 F

$E Tid d*id$ | g,y

SET *id §

SE'TF* *id § T 5 +FT

$E'TF id$ Foid

$ETid id §

SET $ T —>¢

$E $| .,

; 5 E'—>¢
Cay phan tich cti phap dugc hinh thanh tir output :

E
T/\E'

— >~ |
ld */E[\ T
|

id o

Nhan xét:
- Mi vin pham c6 mdt bang phan tich M tuong tng.
- Chuong trinh khong can thay d6i cho cac vian pham khéc nhau.
3. Ham FIRST va FOLLOW
_ FIRST va FOLLOW la cac tap hop cho phép xay dung bang phan tich M va phuc
ho1 161 theo chién lugc panic. mode.
o Dinh nghia FIRST(o): Gia sir o 1a mot chudi cac ky hiéu van pham, FIRST(av) 1a
tap hop cac ky hiéu két thuc ma né bat dau mot chudi din xuét tir a.
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Néu oo =" ¢ thi ¢ € FIRST(w).

Cach tinh FIRST(X): Thyc hién cac quy luat sau cho dén khi khong con cé ky
hi¢u két thuc nao hoac € c6 thé thém vao tap FIRST(X) :

1. Néu X 1a ki hiéu két thic thi FIRST(X) 1a {X}
2. Néu X — ¢ 1a mot luat sinh thi thém € vao FIRST(X).

3. Néu X - Y Y,Y;...Y, 12 mot luét sinh thi thém tit ca cac ky hiéu két thuc khac
e cta FIRST(Y,) vao FIRST(X). Néu ¢ € FIRST(Y)) thi tip tuc thém vao
FIRST(X) tit ca cac ky hiéu két thuc khic & cua FIRST(Y,). Néu ¢ €
FIRST(Y;) n FIRST(Y,) thi thém tit ca cac ky hiéu két thuc khic & e
FIRST(Y3) ... Cubi cing thém & vao FIRST(X) néu & € N*; FIRST(Y))

Vi du 4.7: V6i van pham sau:
E—>TE
E'>+TE'|¢
T>FT
T—>*FT'|¢
F—>(E)|id
Theo dinh nghia tap FIRST, ta co :
Vi F=(E)|id = FIRST(F)={(,id }
Te T—>FT va ¢ ¢ FIRST(F) = FIRST(T) = FIRST(F)
Te E—> TE' vae ¢ FIRST(T) = FIRST(E) = FIRST(T)
Vi E'— &¢= ¢ e FIRST(E)
Mat khac do E' - + TE' ma FIRST(+) = {+} = FIRST(E') = {+, ¢ }
Tuong tu FIRST(T") = {*, ¢}
Vaytaco:
FIRST(E) = FIRST(T) = FIRST(F) = { (, id }
FIRST(E') = {+, ¢ }
FIRST(T") = {*, ¢ }

0 Dinh nghia FOLLOW(A): (v6i A 1a mot ky hiéu chua két thuc) 1a tap hop cac ky
hiéu két thuc a ma n6 xuat hién ngay sau A (bén phia phai cia A) trong mot dang
cau nao do. Tuc 1a tap hop cac ky hi¢u két thuc a, sao cho tOn tai mot dan xuét
dang S =" aAaB. Chi ¥ rang néu A 1a ky hiéu phai nhit trong mot dang ciu nao
d6 thi $ € FOLLOW(A) (8 1a ky hiéu két thiic chudi nhap ).

Cach tinh FOLLOW(A): Ap dung cac quy tic sau cho dén khi khong thé thém gi
vao moi tap FOLLOW dugc nira.

1. Dit$ vao follow(S), trong d6 S 1a ky hiéu bét dlu cia van pham va $ 1a ky hi¢u
ket thiic chuoi nhap.
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2. Néu c6 mot luat sinh A—> oBp thi thém moi phan tir khac € ciia FIRST(B)vao
trong FOLLOW(B).

3. Néu co lut sinh A— aB hofic A—> aBf ma ¢ e FIRST(P) thi thém tt ca cac
phan tr trong FOLLOW(A) vao FOLLOW(B).

Vi du 4.8: Vi van pham trong vi du 4.6 noi trén:
Ap dung luét 2 cho luat sinh F— (E) =) € FOLLOW(E) = FOLLOW(E) ={8$, ) }
Ap dung luat 3 cho E —» TE' =), $ € FOLLOW(E) = FOLLOW(E') ={$, ) }
Ap dung luat 2 cho E — TE' = + € FOLLOW(T).
Ap dung luat 3 cho E — +TE',E' > ¢
= FOLLOW(E') c FOLLOW(T) = FOLLOW(T)={+,), $ }.
Ap dung luat 3 cho T— FT' thi FOLLOW(T") = FOLLOW(T) ={+, ), $ }
Ap dung luat 2 cho T— FT' = * € FOLLOW(F)
Apdungluat3choT' > *F T, T'—> ¢
= FOLLOW(T") c FOLLOW(F) = FOLLOW(F) = {*,+,), $ }.
Vaytaco: FOLLOW(E)=FOLLOW(E)={§$,)}
FOLLOW(T) =FOLLOW(T")={+,),$}
FOLLOW(F)= {*+,),$ }
4. Xay dung bang phan tich M
o Gidi thuat 4.4 : Xay dung bang phan tich ca phap du doan
Input: Van pham G.
Output: Bang phan tich cti phap M.
Phwong phap:
1. Véi mdi luat sinh A— o ciia van pham, thuc hién hai budc 2 va 3.
2. V&i mdi ky hiéu két thiic a € FIRST(at), thém A— o vao M[A a].

3. Néu ¢ € FIRST(a) thi dua luat sinh A— o vao M[A,b] v6i mdi ky hiéu két
thic b € FOLLOW(A). Néu ¢ € FIRST(a) va $ € FOLLOW(A) thi dua luat
sinh A— o vao M[A,$].

4. O con tréng trong bang twong tng véi 18i (error).

Vi du 4.9: Ap dung thuat toan trén cho vin pham trong vi du 4.6. Ta thay:
Luéat sinh E — TE': Tinh FIRST(TE'") = FIRST(T) = {(,id}
= MJE,id] va M[E,( ] chtra luat sinh E — TE'
Luét sinh E'— + TE': Tinh FIRST(+TE') = FIRST(+) = {+}
= M[E',+] chua E' —» +TE'
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Luat sinh E'— ¢ : Vie € FIRST(E') va FOLLOW(E") = {), $ }
= E — & nam trong M[E',)] va M[E',$]

Luéat sinh T'— * FT': FIRST(* FT") = {* }
— T'— * FT' nim trong M[T",*]

Luat sinh T' > &: Vig € FIRST(T') va FOLLOW(T") = {+,), $}
= T' — ¢ nam trong M[T', +], M[T", )] va M[T",$]

Luat sinh F— (E) ; FIRST((E))={ ('}
= F — ( E) nam trong M[F, (]

Luat sinh F — id ; FIRST(id) = {id}
= F — id nam trong M[F, id]

Béng phéan tich ct phap M cua van pham dugc xay dung nhu trong hinh 4.8.

5. Van pham LL(1)

Giai thuat 4.4 ¢ thé ap dung cho bét ky vian pham G nao dé sinh ra bang phan tich
M. Tuy nhién, c6 nhiing van pham (d¢ quy trai hoac mo ho) thi trong bang phan tich
M sé& c6 thé c6 nhiing 6 da tri (c6 chud nhiéu hon 1 luat sinh).

Vi du 4.10: X¢ét van pham sau:

S—>iEtSS'|a
S'—>eS|¢
E—>b

Béang phan tich ct phédp M cua van pham nhu sau :

Ky hi¢u chwa | Ky hi¢u két thic
két thic
a b e i T $
S S—a S— iEtSS'
. S—>¢ ,
S , S—e¢
S > eS
E E—b

Hinh 4.9 - Bang phan tich cu phap M cho van pham vi duy 4.10

bay 1a mot van pham mo hd va sy mo hd nay duoc thé hién qua viéc chon luat
sinh khi gap ky hiéu e (else). O tai vi tri M [S', e] dugc goi 1a 6 da tri.

Mot van pham ma bang phan tich M khong c6 cac’ 6 da tr1 dugc goi 1a van pham
LL(1) vo1 y nghia nhu sau :

L: Left-to-right parse (m6 ta hanh dong quét chudi nhap tir trai sang phai)
L: Leftmost-derivation (biéu thi viéc sinh ra mot dan xuat trai cho chudi nhap)
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q 1: 1-symbol loqkahead (tai mdi mot budc, dau doc chi doc trude duge mot token
dé thuc hién céc quyét dinh phan tich ct phap)

Van pham LL(1) c6 mot s6 tinh chét dic biét. Khéng c6 van pham mo hé hay dé
quy trai nao co the la LL(1). Nguoi ta da chirng minh rang mot van pham G la LL(1)
néu va chi néu mdi khi A — o | B 14 2 luét sinh phan biét cia G, cac diéu kién sau day
s€ dung:

1. Khong c6 mot ky hi¢u két thic a nao ma ca o va B déu dan xuat ra cac chuoi bat
dau bang a.

2. Toi da chi c6 o hodc chi ¢6 B c6 thé dan xuat ra chuoi rong.

3. Néu B =* ¢ thi o khong dan xuat duoc chudi ndo bt dau bang mot ky hiéu két
thuc thudc tap FOLLOW(A).

RS rang van pham trong vi du 4.5 cho cac biéu thirc s6 hoc 1a LL(1), nhung vin
pham trong vi du 4.10 1a van pham mo hinh héa cau 1énh if - then - else khong phai 1a
LL(1).

Van dé dat ra bay gid 1a 1am thé nao dé g1a1 quyét cac 6 da tri? Mot phuong an kha
thi 1 bién d6i vin pham bang cach loai bo moi dé quy tréi, roi tao yéu t6 trai khi c6 thé
dugc vo1 mong mudn s€ sinh ra mgt van pham véi bang phan tich ca phap khong chira
0 da tri nao. Nhung ciing c6 mdt s6 vin pham ma khong c6 cach gi bién d6i thanh vin
pham LL(1). N6i chung, khong c6 quy tic tong quat nao dé bién mét 6 da trj thanh 6
don tri ma khong 1am anh hudéng dén ngon ngir dang dwoc nhan dang bai bo phan tich
cu phap.

Kho6 khan chinh khi dung mot bd phén tich ct phap du doéan la viéc viét mot vin
pham cho ngon ngit ngudn. Viéc loai bo dé quy trai va tao yéu td trai tuy dé thuc hién
nhung chung bién d6i van pham trd thanh kho doc va kho dung cho cac muc dich bién
dich.

6. Phuc hoi 13i trong phan tich dw doan

Mot 16 s& duoc tim thiy trong qué trinh phan tich du doan khi:

1. Ky hiéu két thic trén dinh Stack khong phu hop véi token ké tiép trong dong
nhap. Hodc :

2. Trén dinh Stack 1a ky hiéu chua két thic A, token trong dong nhap 1a a nhung
M[A,a] rong.

Phuc hdi 15i theo phuong phap panic_mode la bo qua cac ky hi¢u trong dong nhép
cho dén khi gap mot phan tir trong tip hop cic token dong bd (synchronizing token).

Tinh hiéu qua cua phuong phap nay tuy thudc vao cach chon tép hop cac token
ddng bo. Mot sb heuristics ¢6 thé 1a:

1. Taco thé dua tat ca cac ky hiéu trong FOLLOW(A) vao trong tap hop token
dong bo cho ky hi¢u chua két thuc A.

2. FOLLOW(A) ciing chua phai la mét tap hop cac token ddng bod cho A. Vidu,
cac 1énh cua C két thﬁc b(’yi ; (dau cham phay ). Néu mdt 1énh thiéu dﬁ}l ; thi
tor khoa cua 1€nh ké ti€p s€ bi bd qua. Thong thuong ngdn ngilr cd cau truc
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phan cap, vi du biéu thirc ndm trong mot 1énh, 1énh nam trong mot khéi 1énh,
v.v. Ching ta c¢6 thé thém vao tap hop dong bo cuia mot ciu tric nhitng ky
hiéu ma nd bat ddu cho mot cau tric cao hon. Vi du, ta c¢6 thé thém cac tir
khoa bét dau cho céc 1énh vao tap dong bod cho ky hi€u chua két thuc sinh ra
biéu thic.

3. Néu ching ta thém cac phan tr ciia FIRST(A) vao tap dong bod cho ky hiéu
chua két thiic A thi qué trinh phan tich c6 thé hoa hop véi A néu mot ky hiéu
trong FIRST(A) xuét hién trong dong nhap.

Vi du 4.11: St dung cac ky hiéu két thic trong tap FOLLOW lam token déng bd
héa hoat dong kha hiru hi¢u khi phan tich cu phap cho céc bicu thuc trong van pham vi
du 4.6.

FOLLOW(E) = FOLLOW(E") = { $, )}
FOLLOW(T) =FOLLOW(T") = { +,$, )}
FOLLOW(F) = {*+8,)}

~ Bang phan tich M cho van pham nay dugc thém vao cac ky hi¢u déng bo "synch",
lay tr taip FOLLOW cua cac ky hiéu chua két thuc - xac dinh céac token dong b :

Ky hi¢u chwa | Ky hi¢u két thic
ket thic
id + * ( ) $

E E—TE' E—TE' |synch synch
E' E'> +TE' E'—> ¢ E'—> ¢
T T— FT' | synch T— FT' | synch synch
T T—> ¢ T'— *FT' T—> ¢ T—> ¢

F F—id synch synch F— (E) |synch synch

Hinh 4.10 - Bdng phan tich cii phdp M phuc hoi i
Béang nay dugc su dung nhu sau:
v’ Néu M[A,a] 1a rdng thi bo qua token a.

v Néu M[A,a] 1a "synch" thi 1y A ra khoi Stack nham tai hoat dong qua trinh
phan tich.

v Néu mot token trén dinh Stack khong phu hop véi token trong dong nhap thi
lay token ra khoi Stack.

Chang han, v6i chudi nhap : + id * + id, bd phan tich ¢t phap va co ché phuc hoi
16i thuc hién nhu sau :

STACK INPUT OUTPUT
$E +id * +id § | error, nhay qua +
$E id*+id $ [ ES>TE
$ET id*+id $§ | TS>FT
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$E'TF id*+id $|F—>id
$ETid id*+id $

$SE'T *+id S| T S5*FT
$E'TF* *+id $

SE'TF +id $ | error, M[F.,+] = synch pop F
$E'Tv +ld$ T—o> ¢
SE tidS | pS+TE
$E'T+ +id $

SE'T id$ |, p
$E'T'F ld$ F—)ld
$ETid id $ T e
SE'T $ E'—>¢
$E' $

$ $

IV. PHAN TiCH CU PHAP TU DUOI LEN

Phan nay s& gidi thiéu mot kiéu phan tich ct phap tir dudi 1én tong quat goi 1a
phan tich ci phap Shift -Reduce. Mot dang dé cai dit ciia no goi 1a phén tich ca
phap thir bac toan tir (Operator - Precedence parsing) cling s& duogc trinh bay va cudi
cing, mot phuong phép tong quat hon ciia ki thuat Shift - Reduce 13 phén tich cu
phap LR (LR parsing) s€¢ dugc thao luan.

1. B¢ phéan tich ca phap Shift - Reduce

Phan tich cu phap Shift - Reduce cd gang x@y dung mot cay phan tich ci phap cho
chudi nhap bat dau tir niit 14 va di 1én hudng vé nat goc Dy c6 thé xem la qua trinh
thu gon (reduce) mot chudi w thanh mot ky hiéu bat dau cta van pham. Tai moi budc
thu gon, mot chudi con cu thé ddi sanh duoc véi vé phai cia mdt luat sinh nao do thi
chudi con nay s& dugc thay thé boi ky hiéu vé trai ca luat sinh d6. Va néu chudi con
dugc chon ding tai mdi budc, mot dan xuat phai dao nguoc sé duoc xay dung.

Vi du 4.12: Cho van pham:
S—>aABe
A—>Abc|b
B—>d
Cau abbcede c6 thé thu gon thanh S theo cac budc sau:
abbcde
aAbcde
aAde
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aABe
S
Thuc chat day 1a mot dan xuat phai nhat ddo nguoc nhu sau :
S = ., aABe =, aAde =, aAbcde =, abbcde

(Ddn xudt phdi nhat la chudi cdc thay thé ky hiéu chwa két thiic phai nhdt)
2. Handle

Handle ctia mot chudi 1a mot chudi con hop voi vé phai cua ludt sinh va néu ching
ta thu gon né thanh vé tréi cua luat sinh do thi c6 thé dan dén ky hi€u chua két thuc bat
dau.

Vi du 4.13: Xét van pham sau:
E—->E+E
E—>E*E
E — (E)
E—id
Chudi dan xuat phai :
E=>nwE+E (cac handle dugc gach dudi)
—.E +E*E
=>mE +E¥* ids
—>mE +id,* id;
—>m id; +id, * id;
3. Cit tia handle (Handle Pruning)
Handle pruning la ky thuét dung dé tao ra dan xuit phai nhat dao nguoc tir chudi ky
hiéu két thuc w ma ching ta muon phan tich.

Néu w 13 mot cau cua van pham thi w = y,. Trong d9, v, 13 dang cau phai thir n cia
dan xuat phai nhat ma chung ta chua biét.

S=v%=>mY1=>mY2 - - =m¥n1 =m Yn =W

Dé xay dung dan xuat nay theo thtr tw nguoc lai, chung ta tim handle B, trong v, va
thay thé B, bdi An (A, 1a vé trai cta ludt sinh A, — B,) dé duoc dang cau phai tha n -1
12 v,.1. Quy luat trén cur tiép tuc. Néu ta c6 mot dang cau phai y, = S thi sy phan tich
thanh cong.

Vi du 4.14: V61 van pham:

E— E+E|E*E|(E)|id
. Va cau nhap: id1 +id2 * id3 , ta c6 cac budc thu gon cau nhap thanh ky hiéu bét

dau E nhu sau :
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Dang cau phai Handle Luit thu gon
id; +id, * ids id, E— id
E +id, * id; id, E— id
E+E *1d; 1d; E - id
E+E*E E*E E- E*E
E+E E+E E— E+E
£ Thanh cong

4. Cai dat bo phan tich ca phap Shift - Reduce

C6 hai van dé can phai giai quyet néu ching ta dung k¥ thuat phan tich ca phap
nay. Thir nhat 1 dinh vi chudi con can thu gon trong dang cau dan phai, va thir hai la
xéac dinh luat sinh nao s& dugc ding néu c6 nhiéu luat sinh chira chudi con d6 & vé
phai.

Ciu tao:

Dung 1 Stack dé luu cac ky hiéu vian pham.
Dung 1 bo dém nhap INPUT dé gitr chudi nhap can phan tich w.
Ta dung ky hiéu $ dé danh d4u day Stack va xac dinh cubi chudi nhap.

Hoat dong:

1. Khéi dau thi Stack rdng va w nam trong bo dém input.

2. B0 phén tich day cac ky hiéu nhap vao trong Stack cho dén khi mot handle B
nam trén dinh Stack.

3. Thu gon P thanh vé trai ciia mot luat sinh nao do.

4. Lap lai buée 2 va 3 cho dén khi gip mot 16i hodc Stack chira ky hiéu bat dau
va by dém input rong (thong bao két thuc thanh cong).

Vidu 4.15: V6i vain pham E > E+E |E * E | (E) | id va cau nhép id1 + id2 * id3

Qua trinh phan tich cu phép sé thuc hién nhu sau:

STACK INPUT ACTION

$ id, +id, * id; $ | Pay

$ id, +1id, *id3 § | Thu gon bsi E — id
$E +id, *id; $ | Pay

$E+ id, *id; $ | Pay

$ E +id, *1d3 $ | Thu gon bsi E — id
SE+E *id; § | Pay

$SE+E* id; $ | bay

$E+E* ids $
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$SE+E*E $ | Thu gon boi E — id

SE+E $| Thugonbsi E - E *E

$E $ | Thu gonb6iE > E+E
Chép nhan

V. PHAN TiCH CU PHAP THU BAC TOAN TU

L6p van pham c6 tinh chat khong ¢6 ludt sinh nao ¢6 vé phai 1a & hodc c6 hai ky
hi¢u chua ket thiic nao nam ke nhau c6 thé dé dang xay dung bd phan tich cu phap
Shift- Reduce hi€u qua theo 161 thi cong. Mgt trong nhiing ky thuat phan tich de cai
dat nhat goi la phan tich cti phap thtr bac toan tu.

1. Quan h¢ thir ty wu tién

Béng dinh nghia 3 quan h¢ thir bac dugc cho nhu sau :

Quan hé Y nghia

a <eb |acododuutién thip honb

a=b |acodduutiénbangb

a e>b a c0 do uvu tién cao hon b

Hinh 4.11 - Cac quan hé thir bdac toan twr
2. Str dung quan h¢ thir ty wu tién cia toan tir

Céc quan h¢ uu tién nay gitp viéc xac dinh handle.

Trude hét, ta dwa vao cac quy tic sau dé xdy dung bang quan hé wu tién gitta cac ky
hiéu ket thuc.

1. Néu toan tir 0, co do uu tién cao hon 0, thi 6, >0, va 6, <e 0;
(E+E * E+E thi handle 1a E * E).
2. Néu toan tir 0, co do uu tién béng 0, thi :
.0, ¢> 0, va 0, &> 0, néu cac toan ttr 1a két hop trai.
. 0; <® 0, va 0, <e 0, néu cac toan tir 1a két hop phai.
Vi du 4.16: Toén tir + va - c6 d6 uu tién bang nhau va két hop trai nén:
+ o> +; + o> -; - e> -; - &> +
Phép toan T két hop phai nén T <e T
E-E+E=handlelaE-E
ETETE = handle 1a E T E (phan cubi)

Vi du 4.17: Véi chudi nhap id + id * id
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Ta c6 bang quan h¢ thir bac cac toan tir nhu sau :

id + * $
id > o> o>
+ <e o> <e o>
® <
° [ 4 o> [ g
$ <e <e <e

St dung $ dé danh dau cudi chudi va $ <e 0, V0.
Ta c6 chudi véi cac quan hé thtr bac duoc chén vao 1a :
$ <o id o> + <o id > * <e id o> §
Chéng han, <e dugc chén vao giira $ bén trai va id bdi vi <e 1a muc ¢ hang $ va
cot id. Handle c6 thé tim thay thong qua qua trinh sau :
1. Duyét chudi tir trai sang phai cho dén khi gap e> dau tién (trong vi du ciia chiing
ta la > sau 1d dau tién).

2. Sau d6, duyét nguoc lai (huéng sang trai), vuot qua cac = (néu cd) cho dén khi
gip a <e (trong vi du, chiing ta quét ngugc vé dén $).

3. Handle 1a chudi chtra moi ky hiéu & bén trai > dau tién va bén phai <e duoc gip
trong budc (2), chira luon ca cac ky hi€éu chua két thuc xen gitra hoac bao quanh (trong
vi du, handle 1a id dau tién).

Véi vi du trén, sau khi thu gon id thanh E ta dugc $ E+E * E §$.
= BO cac ky hiéu chua két thuc E ta duge $ + * §.

= Thém cic quan hé vu tién ta dugc $ <e + <e * > $ . Piéu niy chimg to
handle 1a E * E dugc thu gon thanh E.

Vi cac ky hiéu chua két thuc khong anh huéng gi dén viée phén tich ¢t phap, nén
chung ta khong can phai phan biét chung.

o Giai thuat 4.5: Phan tich ca phap thi bac toan tir
Input: Chudi nhip w va bang cac quan hé thtr bac.

Output: Néu w 1a cthi chun dang dung thi cho ra mot ciy phén tich ci phép.
Nguoc lai, thong bao 10i.

Phwong phap:
Khéi dau, Stack chtra ky hiéu $ va bd dém chitra cAu nhip dang w$.
Dit con tro ip tro téi ky hiéu dau tién cia w$ ;
Repeat forever
If $nim 6 dinh Stack vaip chidén$ then

return
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Else begin
If a<ebhodc a=b then begin
Pay b vao Stack;
Dich ip chi dén ky hiéu tiép theo trong bd dém:;
end
Else if a > b then /* thu gon */
Repeat
Lay ky hiéu trén dinh Stack ra;
Until Ky hiéu két thuc trén dinh Stack c6 quan hé <e vai
ky hiéu két thuc vira lay ra;
else error ()
End

VI. BQ PHAN TiCH CU PHAP LR

Phan nay gi¢i thiéu mot k¥ thuat phén tich ct phap tir dudi 1én kha hiéu qua, c6 thé
st dung dé phan tich mot 16p rong cac van pham phi ngir canh. K thudt nay dugc goi
la phan tich ca phap LR(Kk).

L (left - to - right): Duyét chudi nhap tir trai sang phai.

R (rightmost derivation): X4y dung chudi din xut phai nhat dao nguoc.

k: S lugng ky hjéu nh@p duoc xét tai rqéi th(“)’i diém dung dé dua ra quyét dinh
phan tich. Khi khong dé cap dén k, chung ta hiéu ngam lak = 1.

Cic wu diém ciia bd phan tich ci phiap LR

- Bo phan tich ca phap LR c6 thé duoc xdy dung dé nhan biét hau nhu tit ca cac
ngon ngir 1ap trinh dugc tao ra bdi van pham phi ngilr canh.

- Phuong phap phan tich ct phap LR la phuong phap téng quat cua phuong phap
chuyén thu gon khong quay lui. N6 c6 thé dugc cai dat c6 hi€u qua nhu cac phuong
phép chuyén thu gon khéc.

- Lop van pham c6 thé dung phuong phap LR 13 mét 16p rong 16n hon 16p vin
pham c6 thé st dung phuong phap du doan.

- BO phan tich ct phap LR ciing c6 thé xac dinh 156i ¢t phap nhanh ngay trong khi
duyét dong nhép tir trai sang phai.

Nhuoc diém chu yéu cta phuong phap nay 1a can phai thyc hién qua nhiéu cong
viéc d€ xdy dung dugc bo phan tich ¢t phap LR theo ki€u thu cong cho mdt van pham
ngon ngir 1ap trinh dién hinh.
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1. Thuét toan phan tich ca phap LR

INPUT 4 a an $
STACK S T
moe Chuong trinh phén
y, OUTPUT

X tich ca phap LR

- v v

Xin-1 action | goto

So

Hinh 4.12 - Mo hinh bo phan tich cu phap LR
e Stack luu mdt chudi soX;81 X585 ... XmSm trong do sm nam trén dinh Stack. Xi 1a
mot ky hi€u van pham, si 1a mdt trang thai tom tat thong tin chura trong Stack
bén dudi nd.
e Bang phan tich bao gdm 2 phan: ham action va ham goto.
v action[sy, a;] cO thé c6 mot trong 4 gia tri :
1. shift s: ddy s, trong d6 s 1a mot trang thai.
2. reduce A— PB: thu gon bang luat sinh A— p.
3. accept: Chap nhan
4. error: Bao 15i

v Goto léy 2 tham s6 1a mot trang thai va mét ky hiéu van pham, né sinh ra
mot trang thai.

‘ Céu hinh (configuration) cua mot b phan tich ci phap LR la mot cap thanh
phan, trong do, thanh phan dau la ndi dung cua Stack, phan sau l1a chuoi nhdp chua
phél’l tich: (SQX1S1X252 XmSm, ad; dj+1 ... Ay $)

Véi sm 1a ky hiéu trén dinh Stack, ai 1a ky hiéu nhap hién tai, ciu hinh c¢6 duoc sau
moi dang budc day s€ nhu sau :

1. Néu action[s,,, a;] = Shift s : Thuc hién phép déy dé duoc cAu hinh méi:
(50X181X583 ... XinSm @;S, @j 41 ... Ay $)

Phép day 1am cho s nam trén dinh Stack, ai+1 trd thanh ky hiéu hién hanh.

2. Néu action [sp, a;] = Reduce(A — ) thi thyc hi¢n phép thu gon dé duogc cau

hinh: (50X181X587 ... Xin-iSm-i AS, 8;@j+1 ....a, $)
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Trong d6, s = goto[sm - i, A] va r 1a chiéu dai sé lugng cac ky hiéu cua B. O day,
trudc hét 2r phan tir ciia Stack s€ bi lay ra, sau d6 day vao A vas.

3. Néu action[sn, a;] = accept: qué trinh phan tich két thic.
4. Néu action[s, a;] = error: go1i thu tuc phuc hdi 1.
o Gidi thuat 4.6 : Phan tich ci phap LR

Input: Mot chudi nhap w, mot bang phan tich LR véi ham action va goto cho vin
pham G.

Output: Néu w e L(G), dua ra mot sy phan tich dudi 1én cho w . Nguoc lai, théng
bao 10i.
Phwong phap:
Khoi tao s0 1a trang thai khoi tao nam trong Stack va w$ nam trong bd dém nhap.
Dit ip vao ky hiéu dau tién cua w$;
Repeat forever begin
Goi s 1a trang thai trén dinh Stack va a 1a ky hiéu duoc trd boi ip;
If action[s, a] = Shifts' then begin
Pay a va sau d6 13 s' vao Stack;
Chuyén ip t6i ky hiéu ké tiép;
end
else if action[s, a] = Reduce (A — 3) then begin
Lay 2 * | B| ky hiéu ra khoi Stack;
Goi s' 1a trang thai trén dinh Stack;
Diy A, sau d6 day goto[s', A] vao Stack;
Xuét ra luat sinh A — B;
end
else if action[s, a] = accept then
return
else error ()
end

Vi du 4.18: Hinh sau trinh bay cac ham action va goto ctia bang phan tich ct phap
LR cho van pham cuia cac bi€u thic s6 hoc dudi day voi cac toan tir 2 ngdi + va *

(1) E>E+T Trang Action Goto
2) E->T thai id| + | * | (1]) $ [ E|T|F
B3)T->T*F 0 Ss S4 1] 2|3
(4) T>F 1 S6 acc
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(5) F—(E) 2 | 8 n | n
(6) F—>id 3 Ty | 14 Iy Iy

4 S5 S4 81 2 |3
Y nghia: 5 Ie | T¢ Ts Ts
si: chuyén trang thai 1 6 Ss S4 9 |3
ri : thu gon bdi luat sinh 1
; 7 S5 S4 0
acc: accept (chip nhén) 8 Se S11
error : khoang tréng 9 rn | 7 9] 9]

10 I3 I3 I3 I3

11 Is | Is I's I's

Hinh 4.13 - Bdng phan tich cu phap SLR cho van pham vi du

Véi chudi nhap id * id + id, cac budc chuyén trang thai trén Stack va ndi dung bo dém
nhap dugc trinh bay nhu sau :

STACK INPUT ACTION
() O id * id +id $ | Shift
2) 0id5 *id+1id § | Reduce by F— id
3) OFS3 *id+1id $ | Reduce by T > F
4 O0T?2 *id +1d $ | Shift
5 0T2=*7 id+1id § | Shift
6) 0T2*71id5 +1id $ | Reduce by F — id
(7 0T2*7F 10 +id $ Reduce by T —> T * F
8 0T2 +id$ | Reduce by E-> T
9 O0EI1 +id $ | qhife
(10) OE1+6 id $ | shift
(I O E1+6idS5 5| Reduce by F — id
(12) 0E1+6F3 $ Reduce by T - F
(13) 0ET+6T5H $ Reduce by E-> E+T
(14) 0 E1 $ Thanh cong

2. Van pham LR

Lam thé nao dé xay dung dugc mot bang phén tich ca phap LR cho mét van pham
da cho? Mot van pham c6 thé xay dung dugc mot bang phan tich ci phap cho n6 dugc
goi 1a van pham LR. C6 nhiing van pham phi ngtr canh khong thudc loai LR, nhung
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n6i chung 13 ta c6 thé tranh duoc nhitng vin pham nay trong hau hét cac két cu ngon
ngtr 1ap trinh dién hinh.

Co6 mdt su khac biét rat 16n gitra cac van pham LL va LR. Pé cho mdt vin pham la
LR(k), ching ta phai c6 kha ning nhan dién dugc sy xuit hién cta vé phai ciia mot
luat sinh tmg voi k ky hiéu doc trude. Doi hoi nay it khat khe hon so véi cac van pham
LL(k). Vi vay, cac van pham LR c6 thé mo ta dugc nhiéu ngon ngir hon so voi cac van
pham LL.

3. Xay dung bang phéan tich cu phap SLR

Phan nay trinh bay cach xay dung mot bang phan tich ci phap LR tir van pham.
Chung ta s¢ dwa ra 3 phuong phap khac nhau vé tinh hiéu qua cting nhu tinh dé cai dit.
Phuong phép thir nhat duoc goi 1a "LR don gian" (Simple LR - SLR), 1a phuong phap
"yéu" nhit néu tinh theo sb luong vin pham c6 thé xay dyng thanh cong bang phuong
phap nay, nhung day lai 1a phuong phap dé cai dat nhat. Ta goi bang phan tich cli phap
tao ra boi phuong phép nay 1a bang SLR va bd phan tich cu phap twong ung 1a bd phan
tich ct phap SLR, v&i van pham tuong duong 1a van pham SLR.

a. Muc (Item): Cho mét van pham G, myc LR(0) van pham la mét luat sinh cua G
v6i mot dau chAm muyc tai vi tri nao d6 trong vé phai.

Vi du 4.19: Luat sinh A > XYZ c6 4 muc nhu sau :
A — oXYZ
A—>XeYZ
A—>XYeZ
A —> XYZe
Luat sinh A — g chitaoramot muc A — e
b. Van pham ting cwong (Augmented Grammar)

Gia st G la mot van pham vaéi ky hiéu bét dau S, ta thém mot ky hiéu bt dau
moi S' va luat sinh S' — S d€ dugc van pham méi G' goi 1a van pham tang cuong.

c. Phép toan bao dong (Closure)

Gia su I 1a mot tdp cac muc cia van pham G thi bao dong closure(I) 1a tap céac
muc dugc xay dung tir I theo qui tac sau:

1. TAat ca cac muc cta I dugc thém cho closure(I).

2. NéuA > a ¢ BB € closure(l) va B — y la mot luét sinh thi thém B — e y vao
closure(I) néu né chua cé trong d6. Lap lai budc nay cho dén khi khong thé
thém vao closure(I) dugc nira.

Vi du 4.20: Xét van pham ting cudng cua biéu thirc:
E'—> E
E—> E+T|T
T > T*F|F
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F - (E)|id
Néu I 14 tap hop chi gom vin pham { E'— « E } thi closure(I) bao gom:

E'>eE (Luat 1)
E—>eE+T (Luat2)
E—>eT (Luat 2)
T—>eT*F (Luat2)
T—>eF (Luat 2)
F— e (E) (Luat 2)
F—eid (Luat 2)

Chu y rang: Néu mot B - luat sinh dugc dua vao closure(I) véi dau cham muc nam
o dau ve phai thi tat ca cac B - luat sinh déu dugc dua vao.

d. Phép toan Goto

Goto(I, X), trong d6 I 1a mot tap cac muc va X 1a mot ky hiéu van pham la bao
dong cua tap hop cdc muc A — aXef3 sao cho A —> aeXp € I.

Céch tinh goto(I, X):
1. Taomot tap I' = &.

2.,Néu A — 0eXp e I thi dua A— aXeP vao I', tiép tuc qua trinh nay cho dén khi
xét hét tap L.

3. Goto(I, X) = closure(I")
Vidu4.21: Gidsul={E' > Ee, E>Ee+T}.
Tinh goto (I, +) ?
TacO'={E>E+eT}

( goto (I, +) = closure(I') bao gém cac muyc :

E>E+eT (Luat 1)
T—>eT*F (Luét 2)
T—>eF (Luét 2)
F = o (E) (Luét2)
F—eid (Luét 2)

e. Gidi thuat xady dung ho tap hop cac muc LR(0) cia van pham G'

Goi C 1a ho tap hop cac muc LR(0) ctia van pham tang cuong G'. Ta c6 thu tuc
xay dung C nhu sau :

Procedure Item (G')
begin
C :=closure({ S' —> oS});

93



Repeat

For V&i mdi tap cac muc I trong C va mdi ky hiéu van pham X

end;

sao cho goto (I, X) # & va goto(I, X) ¢ C do

Thém goto(l, X) vao C;

Until Khong con tap hop muc nao co thé thém vao C;

Vi du 4.22: Véi van pham ting cudng G' cua biéu thirc trong vi du 4.20 :

Ta xay dung ho tap hgp muc C ctia van pham nhu sau:

Closure({E'> E}):

IO .
Goto (Ip, E) I;:
Goto (Ip, T) I,:
Goto (Ip, F) I5:
Goto (Ip, () | P

E'— e E
E—>eE+T
E—>eT
T—>eT*F
T—>eF
F —> e (E)

F—>eid

E'>Ee
E—>Ee+T

E—>Te
T—>Te*F

T—>Fe

F—> (e E)
E—>eE+T
E—>eT
T—>eT*F
T—>eF
F —> e (E)

F—>eid

Goto (I, 1d)

Goto (Il ) +)

Goto (I, *)

Goto (I4, E)

Goto (Is,T)

Goto (I,,F)

Goto (Ig,) )

f. Thuat toan xay dung bang phan tich SLR

15:

F—>ide

E—>E+eT
T—>eT*F
T—>eF
F—> e (E)

F—eid
T—>T*eF
F— e (E)

F—>eid

T—> (Eoe)
E—>Ee+T

E—>E+Te
T—>Te*F

T—>T*Fe

F—>(E)e
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o Gidi thuat 4.7: Xay dung bang phan tich SLR
Input: Mt van pham tang cuong G'
Output: Bang phan tich SLR véi ham action va goto
Phwong phap:
1. Xay dung C= {1, I, ..., I, }, ho tdp hop cac muc LR(0) cua G'.

2. Trang thai i dugc xay dung tir Ii .Cac action twong ung trang thai i dugc xéc
dinh nhu sau:

2.1. Néu A — aeaf € [ va goto (I;, a) = Ij thi action[i, a] = "shift j". O day a
1a ky hiéu két thuc.
2.2, Néu A — ae € I; thi action[i, a] = "reduce (A = )", Va € FOLLOW(A).
O day A khong phai la S'
2.3. Néu'S' — Se € [, thi action[i, $] = "accept".

Néu mot action dung do dugc sinh ra bdi cac ludt trén, ta no6i van pham khong
phai la SLR(1). Giai thuat sinh ra b0 phan tich ct phép s€ that bai trong truong hop
nay.

3. Vi moi ky hiéu chua két thuc A, néu goto (I,A) = I; thi goto [i, A] =]

4. TAt ca cac 6 khong xéac dinh dugc boi 2 va 3 déu 1a “error”

5. Trang thai khoi dau cta bo phan tich ct phap duoc xdy dung tir tp cic muc
chtaS’—> e S

Vi du 4.23: Ta xay dung bang phan tich c phdp SLR cho van pham tdng cuong G'
trong vi du 4.20 trén.

E'—>E (0) E—>E 4 T->F
E—>E+T|T () E>E+T 5) F—>(E)
T>T*F|F 2) E->T (6) F—id
F > (E)|id 3) T->T*F

1L.C={I, I, ..L; }
2. FOLLOW(E) = {+,), $}
FOLLOW(T) = {*, +,), $}
FOLLOW(F) = {*, +,), $}
Dua vao ho tap hop muc C d3 dugc xay dung trong vi du 4.22, ta thiy:

Trudc tién xét tap muc Iy : Muc F — o (E) cho ra action[0, (] = "shift 4", va muc
F — e id cho action[0, id] = "shift 5". Cac muyc khac trong Iy khong sinh dugc hanh
dong nao.

Bay gio xét I : Muc E'— E e cho action[1, $] = "accept", muc E — E ¢ + T cho
action[ 1, +] = "shift 6".

Kédénxétl,: E—>Te
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T—>Te*F

Vi FOLLOW(E) = {+, ), $}, muc dau tién lam cho action[2, $] = action[2,+] =
"reduce (E ( T)". Muc thtr hai lam cho action[2,*] = "shift 7".

Tiép tuc theo cach ndy, ta thu dugc bang phén tich c phap SLR di trinh bay

trong hinh 4.13.

Bang phan tich x4c dinh boi giai thuat 4.7 goi 1a bang SLR(1) cta van pham G, bd
phan tich LR str dung bang SLR(1) goi la b phéan tich SLR(1) va van pham c6 mot

bang SLR(1) goi 1a vdn pham SLR(1).

Moi van pham SLR(1) déu khong mo hd. Tuy nhién cé nhitng van pham khong mo

h6 nhung khong phai 1a SLR(1).

Vi du 4.24: X¢ét van pham G voi tap luat sinh nhu sau:

S—>L=R

S—R

L—>*R

L—id
R—->L

Day 1a mot vin pham khong mo hd nhung khong phai 13 vin pham SLR(1).

Ho tap hop cac muc C bao gém:

Iy: S'—>eS
S >eL=R
S >eR
L >e*R
L >eid
R—>eL
I;: S"—>Se
IL: S >Le=R
R—> Le
I;;: S—> Re

L—>*eR
R—>eL
L—>e*R
L—>eid
L—ide
S—>L=eR
R—>eL
Lo>e*R
L—eid
L —» *Re
R —Le
S—>L=Re

96



Khi x4y dung bang phan tich SLR cho vin pham, khi xét tip muc I, ta thiy muc dau
tién trong tap nay lam cho action[2, =] = "shift 6". Bdi vi = € FOLLOW(R), nén muc
thir hai s€ dat action[2, =] = "reduce (R — L)" = Co6 sy dung do tai action[2, =]. Vay
van pham trén khong 1a van pham SLR(1).

4. Xay dung bang phan tich ct phap LR chinh tic (Canonical LR Parsing Table)
a. Muc LR(1) cua van pham G 1a mét cép dang [A — oep, a], trong do6 A — of
la luat sinh, ala mot ky hi¢u két thic hoac $.
b. Thuat toan xay dung ho tap hop muc LR(1)
o Giai thuat 4.8: Xay dung ho tap hop cac muc LR(1)
Input : Van pham tang cuong G’
Output: Ho tap hop cac muc LR(1).
Phwong phap: Cac thu tuc closure, goto va thu tuc chinh Items nhu sau:
Function Closure (I);
begin
Repeat

For Mdi muc [A — aeBp,a] trong I, mdi luat sinh B — vy trong G' va mdi
ky hiéu két thiic b € FIRST (Ba) sao cho [B—> ey, b] ¢ I do

Thém [B — ey, b] vao [;
Until Khong con muc nao c6 thé thém cho I duoc nita;
return [;

end;

Function goto (I, X);

begin
Goi J 12 tap hop cac muc [A — aXep, a] sao cho [A = aeXp, a]e [;
return Closure(J);

end;

Procedure Items (G');

begin
C = Closure ({[S' — oS, $]})
Repeat

For MJi tap cac muc I trong C va mdi ky hiéu vin pham X

sao cho goto(I, X) = & va goto(I, X) ¢ C do
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Thém goto(I, X) vao C;
Until Khong con tap cac muc nao co thé thém cho C;
end;

Vi du 4.25: Xay dung bang LR chinh tic cho van pham ting cudng G' ¢6 chtra
cac luat sinh nhu sau :

S'>S
(1) S>L=R
(2) SOR
(3) L> *R
4) L>id
(5) R>L
Trong d6: tap ky hiéu chua két thuc ={S, L, R} va tap ky hiéu két thuc {=, *, id, $}

I(): S'—).S,$
Closure (S'> ¢S,$) S >eL=R,$
S >eR,$ Goto (I;,R) I;:L —>*Re =|§$

L >e*R,=|$
L >eid=|$ Goto (I, L) Ig:R—>Le,=|$

R—>eL,$
Goto (I,R) Iy:S—>L=Re,$

[o—

Goto (Ip,S) I;: S'—>Se,$
Goto (16,L) 110 ‘R— L., $

Goto (Ip,L) I,: S >Le=R,$

R—> Le,$ Goto (Ig,*) Iji:L—>*eR,§
R—eL,$
Goto(IoR) I;: S—> Re, $ L ->e*R,§
R—>eid$
Goto (I,*) Iy L—> *eR,=|$
R 9.L3=|$ GOtO(Ié,id) IlzﬁL—)id.,$
L >e*R =|$
R—>eid,=|$ Goto (I;1,R) Iiz3:R— *Re,§
Goto (Ip,id) Is:L—>ide,=|$ Goto (I;,L) = Iy



Goto(I,,=) Is:S—>L=eR,$ Goto (I11,*) =1y
R—>eL $
L>e*R $ Goto (I;1,id) = I,
L—>eid,$
c. Thuét toan xAy dung bang phén tich ct phap LR chinh tic
o Giai thuit 4.9: Xy dung bang phan tich LR chinh tic
Input: Van pham tang cuong G'
Output: Bang LR véi cac ham action va goto
Phwong phap:
1. Xay dung C = { I, I}, .... I, } 12 ho tap hop muc LR(1)

2. Trang théi thtr 1 dugc xdy dung tur I;. Cac action tuong Ung trang thai 1 duoc
xac dinh nhu sau:

2.1. Néu [A — o« aP.b] € I va goto(l;;a) = Ij thi action[i, a]= "shift j". O day
a phai 13 ky hiéu két thic.

2.2.Néu[A —> a e, ale I;, A e S' thi action[i, a] =" reduce (A > )"
2.3.Néu [S' — Se.$] € I, thi action[i, $] = "accept".

Néu c6 mét su dung do gitra cac luat noi trén thi ta n61 van pham khong
phai 1a LR(1) va giai thuat s€ that bai.

3. Néu goto(I;, A) = I thi goto[i,A] =j
4. Tét ca cac 6 khong xéac dinh dugc boi 2 va 3 déu 1a "error"

5. Trang thai khoi dau cta bo phan tich ct phap dugce xdy dyung tir tip cac muc

chira [S' — «S,$]

Bang phan tich xac dinh boi giai thuit 4.9 goi 1a bang phan tich LR(1) chinh tic
cua van pham G, bd phan tich LR st dung bang LR(1) goi 1a bd phan tich LR(1) chinh
tdc va van pham c6 mét bang LR(1) khong c6 cac action da tri thi dugc goi 1a van
pham LR(1).

Vi du 4.26: Xay dung bang phan tich LR chinh tic cho van pham & vi du trén

Trang Action Goto
thaii | _ |+ ja|s|s|L|R
0 S4 | Ss 1 2 |3
1 acc

2 Se Is

3 Iy

4 S4 | Ss 8 |7
5 I4
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6 S11 | S12 10 | 9
7 I3

8 I's

9 I

10 I's

11 S11 | S12 10 | 13
12 Iy

13 I3

Hinh 4.14 - Bang phan tich cii phdp LR chinh tic

Moi van pham SLR(1) la mot vin pham LR(1), nhung v6i mét van pham SLR(1),
bd phan tich ca phap LR chinh tic c6 thé c6 nhiéu trang thai hon so véi bd phan tich
cu phap SLR cho van pham do.

5. Xay dung bang phan tich ci phap LALR

Phan nay gi6i thiéu phuong phap cudi ciing dé xay dung bd phan tich cti phap LR -
k¥ thuat LALR (Lookahead-LR), phuwong phép nay thudng duogc sir dung trong thuc té
boi vi nhitng bang LALR thu duoc néi chung 14 nhé hon nhiéu so véi cac bang LR
chinh tic va phan 16n cac két cdu ca phap cua ngdn ngit 1ap trinh déu c6 thé duoc dién
ta thuan loi béng van pham LALR.

a. Hat nhan (core) cia mot tap hop muc LR(1)

1. Mét tap hop muc LR(1) c6 dang {[ A — aep, a]}, trong d6 A — aff 1a mdt luat
sinh va a la ky hi€u két thiac c6 hat nhan (core) 1a tap hop {A — o op}.

2. Trong ho tap hop cac muc LR(1) C = { I, I, ..., I, } c6 thé c6 cac tap hop cac
muc c6 chung mot hat nhan.

Vi du 4.27: Trong vi du 4.25, ta théy trong ho tap hop muc c6 mot sb6 cac muc ¢c6
chung hat nhan 1a :

I, valy
Isval;,
I, va Iz
Is valig

b. Thuét toan xay dung bang phan tich ca phap LALR

o Giai thuat 4.10: Xay dung bang phan tich LALR

Input: Van pham tang cuong G'

Output: Bang phan tich LALR

Phwong phap:

1. Xay dung ho tap hop cac myc LR(1) C= {1, I}, ..., I, }
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2. Vi mbi hat nhan ton tai trong tdp cac myc LR(1) tim trén tat ca cac tap hop
c6 cung hat nhan nay va thay thé cac tdp hop nay bdi hop cua chung.
3.Pat C' = { Iy, I, ..., I, } 13 két qua thu duoc tir C bang cach hop cac tap hop
co cung hat nhan. Action tuong Ung véi trang thai 1 dugc xay dung tir Ji theo
cach thirc nhu giai thuat 4.9.

Néu c6 mét su dung do gilra cac action thi giai thuat xem nhu that bai va ta
ndi van pham khong phai la van pham LALR(1).
4. Bang goto dugc xay dung nhu sau

GiasauJ=lL,ubLu..Ul.Vil, I, ... Iy c6 chung mot hat nhan nén goto (I1;,X),
goto (I,,X), ..., goto (I, X) cling c6 chung hat nhan. Bat K bang hop tat ca cac tap

hop c6 chung hat nhan véi goto (I1,X) = goto(J, X) =K.

Vi du 4.28: Vo1 vi du trén, ta c6 ho tap hop muc C' nhu sau
C'= {Iy, L, I, I, L1, Lsi2, L6, L713, Isio, 1o }

I: S'—>eS,$
closure (S' > oS,$) :S > eL=R,$
S >eR $
L >e*R, =
L >eid, =
R—o>eL, $

I, = Goto (I,S) : S'—>Se $

I,=Goto (I, L): S > Le=R,$
R—> Le$

L=Goto(IoR): S— Re

I411 = Goto (109*)’ Goto (169*) :
L >*eR,=|$

R >elL, =%
L >e*R =|$
R »>eid,=|$

Is1; = Goto (Ip,id), Goto (I4,1d) :

L—ide,=|$

Is = Goto(I,,=) :
S—>L=eR$
R—o>eL §$
L>e*R,$
L—>eid,$

I713 = Goto(I411, R) :
L—>*Re,=|$

Ig10 = Goto(I4;1, L), Goto(Ig, L):

R—>Le,=|$§

Iy = Goto(I4, R) :
S—>L=Re,$

Ta c6 thé xay dung bang phan tich ct phap LALR cho vin pham nhu sau:
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State Action Goto
= * id $ S L R
0 S411 S512 1 2 3
1 acc
2 S
3 I
411 810 713
512 I4 Iy
6 Sa11 Ss512 810 9
713 I3 I3
810 Is Is
9 1§

Hinh 4.15 - Bdng phan tich cu phap LALR

Bang phan tich dugc tao ra boi giai thuat 4.10 goi la bang phén tich LALR cho vén
pham G. Néu trong bang khong cé cac action dung do thi van pham da cho goi la van
pham LALR(1). Ho tap hop muc C' dugc goi 1a ho tap hop muc LALR(1).

VIL SU DUNG CAC VAN PHAM MO HO

Nhu ching ta dé ndi truoe day rang moi van pham mo hd déu khong phai 1a LR.
Tuy nhién c6 mot sd vin pham mo hd lai rat cd ich cho viéc dac ta va cai dat ngon
ngir. Chang han van pham mo hd cho két cdu biéu thuc dic ta duoc mot cach ngan gon
va ty nhién hon bat ky mot van pham khong mo ho nio khac. Van pham mo ho con
duoc dung trong viée tach biét cac két cdu cu phap thuong gip cho qué trinh t6i wu
hoa. V61 mét van pham mo hd, ching ta co thé dua thém céac luat sinh méi vao vin
pham.

Mac du cac van pham la da nghia, trong moi truong hop, ching ta s¢ dua thém cac
quy tic khu mo hé (disambiguating rule), dé chi cho phép chon mot cay phan tich c
phap cho méi mot cau nhap. Theo cach niy, dic ta ngdn ngit vé tong thé van 1a don
nghia.

1. Sir dung @9 wu tién va tinh két hop ciia cic toan tir dé giai quyét dung do.

Xét van pham cua biéu thurc s6 hoc voi hai toan tir + va *
E>E+E|E*E|(E)|id (1)

Pay 1a mot van pham mo ho vi n6 khong xac dinh d wu tién va tinh két hop cua
cac tdéan tir + va *. Trong khi d6 ta c6 van pham tuong duong khong mo ho cho biéu
thirc c6 dang nhu sau:
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E>E+T|T
T>T*F|F ()
F - (E) |id

Vién pham nay xac dinh réng + ¢4 @6 uu tién thap hon * va ca hai toan tir déu két
hop trai. Tuy nhién c6 2 1y do dé chung ta st dung van pham (1) chtr khong phai 1a
2):

1. Dé dang thay d6i tinh két hop va d6 vu tién cta + va * ma khong pha hiy cac
luat sinh va sb cac trang thai ctia bo phan tich (nhu ta s& thay sau nay).

2. Bo phan tich cho van pham (2) s& mét thoi gian thu gon béi cac luat sinh E >
T va T = F. Hai luat sinh nay khong néi 1én dugc tinh két hop va do uu tién.

Nhung véi van pham (1) thi 1am thé nao dé tranh sy dung d6? Trude hét chung ta
hay thanh 1ap bo suu tdp C cac tap muc LR(0) cua van pham tdng cudong cua no.

I E—>eE Goto(I,,E) Iz E'—>(Eoe)
E—>eE+E E—>Ee+E
E—>eE*E E—>Ee*E
E— e (E) Goto(I,,() =1,

E—>eid Goto(Ip,1d) =15
Goto(Ip,E) I;: E'-> E e Goto(I,E) I;; E—>E+Ee
E—>Ee+E E—>Ee+E
E—>Ee*E E—>Ee*E
Goto(I4,()=1
Goto(Ip,() I: E— (e E) Goto(I4,1d)= 15
E—>eE+E
E—>eE*E Goto(Is,E) Iss E—>E*Ee
E—> e (E) E—>Ee+E
E—eid E—>Ee*E
Goto(Is,() =1,
Goto(Ip,id) I3: E — ide Goto(Is,id)= 15
Goto(I;,+) Iy E— E+eE Goto(Is,)) Io: E— (E)e
E—>eE+E
E—>eE* E Goto(Is, ) =14
E—>e(E) Goto(Ig,*) =15
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E—eid Goto(I7,+) =14
Goto(I,*) =15
Goto(I,*) Is: E—> E*eE Goto(Ig,+) =14
E—>eE+E Goto(Ig,*) =15
E—>eE* E
E—>e(E)
E—eid

Béang phan tich SLR dung d6 dugc xay dung nhu sau :

Trang Action Goto

thai | 44 | 4 < (| )y | s | E
0 83 S» 1
1 S4 Ss acce
2 S3 6
3 I4 T4 I4 T4
4 S3 Sy 7
5 S3 Sy 8
6 S4 Ss Sg
7 S4/ 11 | S5/ 14 I I
8 S4/ 1) | 85/ 1, I )
9 I3 I3 I3 I3

Hinh 4.16 - Bang phan tich cu phap SLR dung do
Nhin vao bang SLR trong hinh trén, ta théiy c6 su dung do tai action [7, +] va
action [7,*]; action [8, +] va action [8,*].
Chung ta s€ giai quyét su dung d6 nay bang quy tic két hop va do vu tién cia cac
toadn tir. Xét chudi nhap id + id * id

Stack Input Output
0 id+id *id $
0id 3 +1id *id $ | Shift s;
OE1 +1id *id $ | Reduce by E = id
OE1+4 id *id $ | Shift s4
0OE1+4id3 *id $ | Shift s3
OEI+4E7 *id $ | Reduce by E 2> id
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Bay gio dén 6 dung do action[7, *] nén 13y rl hay s5? Luc nay ching ta d3 phan
tich qua phan chudi id * id. Néu ta chon rl tirc 1a thu gon béi luat sinh E > E + E, ¢6
nghia 13 ching ta di thyc hién phép cong trude. Do vay néu ta mudn toéan tir * c6 do
uu tién cao hon + thi phai chon ss.

Néu chudi nhap 1a id + id + id thi qué trinh phan tich vin pham din dén hinh
trang hién tai Ia :

Stack Output
OE1+4E7 +id $

S¢€ phai xét action [7, +] nén chon r1 hay s4? Néu ta chon rl tic 1a thu gon boi luat
sinh E 2 E + E tuc 1a + thyc hién trudc hay toan tir + c6 két hop trai => action [7, +]
=rl

Mot cach twong tu néu ta quy dinh phép * c¢6 d6 wu tién cao hon + va phép * két
hop trai thi action [8, *] =12 vi * két hop trai (xét chudi id * id * id). Action [8,+] =
r2 vi toan tir * ¢6 do uu tién cao hon + (truong hop xét chuoi id * id + id)

Sau khi di giai quyét dugc sy dung d6 d6 ta co duoc bang phan tich SLR don gian
hon bang phan tich cta van pham tuong duong (2) (chi str dung 10 trang thai thay vi
12 trang thai). Tuong tu, ta cé thé xay dung bang phan tich LR chinh tic va LALR cho
van pham (1).

2. Giai quyét trwomg hop viin pham mo ho IF THEN ELSE

Xét van pham cho Iénh diéu kién:
Stmt = if expr then stmt else stmt
|if expr then stmt
| other

Dé don gian ta viét i thay cho if expr then, S thay cho stmt, e thay cho else va a
thay cho other, ta c6 van pham viét lai nhu sau :

S>>S

S—>iSeS (1)
S>iS ()
S—>a 3)

Ho tap hop muc C cac tap muc LR(0) la:
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Iy: S'—> eSS, Goto (I, S) I S —>i1SeeS

S — eiSeS S —iSe
S > eiS
S —>ea Goto (I,e) Is: S —iSee S
S — eiSeS
Goto (Ip,S) I;: S'—>Se S > ei1S
S >ea
Goto (Ip,i)) I,: S —>1eSeS
S >1e S Goto (Is,S) Ig: S —1SeSe
S — e1SeS Goto(I,1) =1,
S —> eiS Goto(I,a) =13
S »>ea Goto(Is,1) =1,

Goto(I5,a) = 13
Goto (Ip,a) Is: S— ae

Ta xay dung bang phan tich SLR dung d¢ nhu sau:

Trang | Action Goto
thai
i e a $ S
0 S, S3 1
1 acc
2 S, S3 4
3 I3 I3
4 Ss| 15 I,
5 Sy S3 6
6 o]

Hinh 4.17 - Bang phdn tich cu phdp LR cho van pham if - else

Dé giai quyét dung do tai action[4, e]. Trudng hop ndy xay ra trong tinh trang chudi
ky hiéu if expr then stmt ndm trong Stack va else 1a ky hiéu nhap hién hanh. Str dung
nguyén tic két hop mdi else v6i mot then chua két hop gan nhat truée d6 nén ta phai
Shift else vao Stack dé két hop voi then nén action [4, e] = ss.

Vi du 4.29: Véichudinhdpiiaea

(if exprl then if expr2 them a; else a,)
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Stack Input Output

0 iiaea$

0i2 iaea$ | Shifts,

0i2i2 aea$ | Shifts,
0i2i2a3 ea$ | Shift s3
0i2i2S4 a$ |Reduce by S—>a
0i2i2S4e5 $ | Shift ss

0i2i2S4e5a3 $ | Shift s
0i2i2S4e5S6 $ | Reduce by S—> a
0i2S4 $ | Reduce by S 2 iSeS
0s1 $ | Reduce by S -2 iS

VIIL. BQ SINH BQ PHAN TiCH CU PHAP

Phin ndy trinh bay cich ding mot bd sinh bd phan tich cG phap (parser
generator) hd tro cho viée xay dung ky dau ctua mot trinh bién dich. Mot trong nhing
bo sinh b phan tich ct phap 1a YACC (Yet Another Compiler - Compiler). Phién ban
dau tién ctia Yacc duoc S.C.Johnson tao ra va hién Yacc duoc cai dit nhu mét 1énh
cua h¢ UNIX va da dugc dung dé cai dat cho hang tram trinh bién dich.

1. B§ sinh thé phan tich cii phap Yacc

bac ta Yacc 5 YacF > Y.tab.c
Translate.y Compiler

Y .tab.c —| ¢ Compiler ——> a.out
Input _— a.out ——> Output

Hinh 4.18 - Tao mot chuwong trinh dich input / output véi Yacc

Mot chuong trinh dich c6 thé duge xay dung nho Yace bang phuong thirc dugc
minh hoa trong hinh 4.18 trén. Trudc tién, cin chuin bi mot tdp tin, chang han 1a
translate.y, chira mot ddc ta Yacc cuia chuong trinh dich. Lénh yace translate.y ctua hé
UNIX sé& bién ddi tap tin translate.y thanh mot chwong trinh C ¢6 tén 14 y.tab.C bing
phuong phap LALR da trinh bay ¢ trén. Chuong trinh y.tab.C 1a mét biéu dién cua bo
phan tich ct phap LALR dugc viét bang ngdn nglr C cung véi cac thu tuc C khac co
thé do ngudi st dung chuin bi. Bing cach dich y.tab.C cing véi thu vién ly chira
chuong trinh phén tich ct phap LR nho 1€nh cc y.tab.C - ly ching ta thu dugc mdot
chuong trinh doi tuong a.out thyc hién qua trinh dich dugc dac ta boi chuong trinh
Yacc ban dau. Néu can thém céc thu tuc khac, ching c6 thé duge bién dich hodc duoc
tai vao y.tab.C giéng nhu moi chuong trinh C khac.
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2. Diic td YACC

Mot chuong trinh ngudn Yacc bao gdm 3 phan:

Phin khai bio
% %

Cac luat dich
%%

Cac thu tuc

Vi du 4.30: Dé minh hoa viéc chuan bi mét chuong trinh nguén Yacc, chung ta
hdy xay dung mot chwong trinh may tinh b6 tii don gian, doc mot biéu thuc s6 hoc,
wdc luong rdi in ra gi tri s6 cua nd. Chung ta xdy dung bat dau tir vin pham sau :

ESE+TI|T
T>T*F|F
F — (E) | digit

Token digit 1a mot ky hiéu sb tir 0 dén 9. Mot chuwong trinh Yace danh cho van
pham nay nhu sau :

Yo{

# include < ctype.h>
o}

% token DIGIT

%%

line : expr "n' { print ("%d\n", $1); }
expr : expr '+ term {$$=51+83;}

| term

term : term * ' factor {$$=81%* $3;}

| factor

factor:  '(" expr ")’ {8$=82;}

| DIGIT
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% %

yylex ()
{ intc
c = getchar ();
if (isdigit(c))
{ yyval=c¢-'0}
return DIGIT;
b

return c;
b
Phin khai bao co thé bao gdm 2 phan nho:

- Khai bao C dit nam trong cap dau %{ va }%. Nhitng khai bao nay s& duoc str
dung trong phan 2 va phan 3.

- Khai bao cac token (DIGIT la mot token). Cac token khai bao ¢ day s€ dugc
dung trong phan 2 va phan 3.

Phin luét dich: M4i luat dich 13 mot luét sinh két hop voi hanh vi ngit nghia.
Moi luat sinh c6 dang
<vé trai> — <altl> | <alt2> | ... <altn>

dugc mo ta trong Yacc :

<vé trai> :<altl> { hanh vi ngir nghia 1 }

| <alt2>  { hanh vi nglt nghia 2 }

| <altn>  { hanh vi nglt nghian }
Trong luat sinh, cac ky tw nam trong cip ddu nhdy don. 'c' 1a mot ky hiéu két

thic ¢, mot chudi chit cai va chir s6 khong nam trong cip ddu nhdy don va khong duoc
khai bao la token s€ 1a ky hi€u chua két thtc.

Hanh vi ngit nghia ciia Yacc 1a mot chudi cac 1énh C c6 dang:
= $$ Gia tri thudc tinh két hop véi ky hiéu chua két thiic bén vé trai.

= $I Gia tri thudc tinh két hop véi ky hiéu van pham thir i (két thic hodc chua)
cua vé phai.
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Phin thi tuc: La cac thu tuc viét bang ngdn ngit C

O day mot bo phan tich tir vung yylex( ) sinh ra mot cip gdm token va gia tri
thudc tinh két hgp véi nd. Cac token dugce tra vé phai dugc khai bao trong phan khai
bao. Gia tri thudc két hop véi token giao tiép voi bo phan tich ct phap thong qua bién
yylval (mot bién dugc dinh nghia boi yacc)

Chii y: Ching ta c6 thé két hop Lex va Yacc bang cach dung #include
"lex.yy.c" thay cho thu tuc yylex( ) trong phan thir 3.
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BAI TAP CHUONG IV

4.1. Cho van pham G chura cac ludt sinh sau:
S (L)l a
L—>L,S|S
a) Hiy chi ra cac thanh phan cta vin pham phi ngit canh cho G.
b) Viét van pham tuong duong sau khi loai bo dé quy trai .
c¢) Xay dung bd phan tich ci phap dy doan cho van pham.

d) Hay dung bd phén tich ct phap da dugc xdy dung dé v& cdy phan tich ca phap
cho cac cau nhép sau:

i) (a,2)
ii) (a, (a, a))
iii) (a, (a, a), (a, a)))
e) Xay dung dan xuat trai, din xuat phai cho ting cau ¢ phan d

f) Hay cho biét ngon ngit do van pham G sinh ra ?

4.2. Cho van pham G chura cac luat sinh sau:
S — aSbS| bSaS | ¢

a) Chimg minh vin pham nay 13 mo hd biang cach xay dung 2 chudi din xuat trai
khéac nhau cho cung cau nhap abab.

b) Xay dung cac chudi din xuat phai twong (mg cho ciu nhap abab.
¢) V& cac cay phan tich ct phap tuong ing.
d) Van pham nay sinh ra ngén ngir gi ?

e) Xay dung bd phan tich ct phap dé quy 1ui cho van pham trén. C6 thé xay dung
bd phan tich ct phap du doan cho van pham nay khong ?

4.3. Cho van pham G chura cac ludt sinh sau:
bexpr — bexpr or bterm | bterm
bterm — bterm and bfactor | bfactor
bfactor — not bfactor | (bexpr) | true | false
a) Hay x4y dung b phan tich ct phap du doan cho van pham G.
b) Xay dung cay phan tich cu phéap cho cau : not ( true and false )

¢) Chimg minh rang vin pham nay sinh ra toan bo cac biéu thirc boole.
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d) Van pham G ¢6 13 vin pham mo ho khong ? Tai sao ?

e) Xay dung bd phan tich cu phap SLR cho van pham.

4.4. Cho van pham G chura c4c luat sinh sau:
R—-> R+R | RR | R*|(R)|a|b

a) Ching minh rang vin pham ndy sinh ra moi biéu thirc chinh quy trén cac ky hi¢u
avab.

b) Chumg to ddy 1a vin pham mo hd.

¢) Xay dyng van pham khéng mo hé twong ‘duong voi thtr ty vu tién cua cac phep
tdan giam dan nhu sau : phép bao dong, phép ndi két, phép hop.

d) V€ cay phan tich cu phép trong ca hai van pham trén cho cdunhdp:a+b * ¢
e) Xay dung bd phan tich ¢t phap dy doan tir van pham khong mo ho.

f) Xay dung bang phan tich ci phap SLR cho van pham G. Dé nghi mot quy tic
giai quyét dung d6 sao cho cac biéu thirc chinh quy duoc phan tich mot cach binh
thuong.

4.5. Van pham sau day 1a mot dé nghi diéu chinh tinh mo ho cho vin pham chta cau
Iénh if - then - else:

Stmt — if expr then stmt
| matched stmt
Matched Stmt — if expr then matched stmt else stmt
| other

Chimg minh ring vin pham nay van mo ho.

4.6. Thiét ké van pham cho cac ngdn ngit sau. Ngon ngit ndo 1a chinh quy?
a) Tap tat ca cac chudi 0 va 1 sao cho mdi s6 0 co it nhat mot s6 1 & ngay sau né.
b) Céc chudi 0 va 1 vé6i s6 s6 0 bang s6 sd 1.
¢) Cac chudi 0 va 1 véi sb s6 0 khong bang s6 sb 1.

d) Cac chudi 0 va 1 khéng chia chudi 001 nhu chudi con.

4.7. Cho van pham G chura cac luat sinh sau :
S — aSa|aa

~Xay dung bo phan tich ca phap d¢ quy lui cho van pham v6i yéu cau phai thir kha
trién aSa trudce aa.
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4.8. Cho van pham G chura cac luat sinh sau:
S — aAB
A —> Abc|b
B—>d
a) Xay dung b phan tich ct phap du doan cho van pham .

b) Hay dung bo phén tich ¢t phap d3 dugc xdy dung dé phat sinh cay phan tich ca
phap cho cau nhap: abbed

4.9. Cho van pham G chura cac luat sinh sau:
E—>EorT|T
T—>TandF|F
F— (E)|notF|id
a) Hay xay dung bd phan tich cu phép du dodn cho van pham.
b) V€ cay phan tich ct phap cho cau nhép : id and not (id or id )

4.10. Cho van pham G chtra cac luat sinh sau:
S — AB
A—>Ab|a
B—->cB|d
a) Xay dung bg phan tich c phap tht tu wu tién cho van pham .

b) Hay dung bo phan tich ct phap di xay dung dé phat sinh cay phén tich c phap
cho cau nhap: abced

4.11. Cho van pham G:
S—>DeD|D
D—DB|B
B->0]|1
a) Xay dung b phan tich ct phéap tha tu vu tién cho van pham .

b) Hay dung bo phan tich ct phap di xay dung dé phat sinh cay phan tich ci phap
cho cau nhap: 101101

4.12. Cho van pham G
Assign — id : = exp

Exp — Exp + Term | Term
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Term — Term * Factor | Factor
Factor - id | (Exp)
a) Xay dung b phan tich c phap thu ty wu tién cho van pham .

b) Hay dung bo phan tich ¢t phap dd dugc xay dung dé phat sinh cdy phan tich cu
phép cho cau nhép: id : =id +id * id

4.13. Cho vin pham mo hd nhu sau:
S—>AS|b
A—>SA|a
a) Xay dung ho tap hop muc LR(0) cho van pham nay.
b) Xay dung bang phan tich ct phap SLR .
¢) Thyc hién qua trinh phan tich ct phap SLR kha trién cho chudi nhap : abab
d) Xay dung bang phan tich ct phap chinh tac .
e) Xay dung bang phan tich ca phap LALR .

4.14. Cho van pham G nhu sau:
E—->E+T|T
T—>TF|F
F—>F*|a|b
a) Xay dung bang phan tich cti phap SLR cho van pham nay.
b) Thuc hién qua trinh phan tich ct phap SLR cho chudi nhap : b + ab* a
c¢) Xay dung bang phan tich ci phap LALR.

4.15. Chimg to rang vin pham sau day:
S — Aa|bAc|dc|bda
A—>d

la LALR(1) nhung khong phai SLR(1).

4.16. Cho van pham G nhu sau:
E—->EsubR|EsupE|{E}|c
R—>EsupE|E
a) Xay dung bang phan tich cti phap SLR cho van pham nay.

b) Dé nghi mot quy tic giai quyét dung do dé cac biéu thuc text co thé dugc phan
tich mdt cach binh thuong.
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4.17. Viét mot chuong trinh Yacc nhan chudi input 1a cac biéu thuc sb hoc, sinh ra
output l1a chudi bi€u thirc hau t6 twong ung.

4.18. Viét mot chuong trinh Yacc nhén biéu thirc chinh quy lam chudi input va sinh ra
output la cdy phan tich ct phép cua no.
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