CHUONG II
MOT TRINH BIEN DICH PON GIAN

Noi dung chinh:

Chuong nay gi6i thiéu mot trinh bién dich cho cdc biéu thirc sé hoc don gian (trinh
bién dich don gian) gém hai ky: Ky dau (Front end) va ky sau (Back end). Noi dung
chinh ctia chuong tap trung vao kp ddu gdm céc giai doan: Phan tich tr vyng, phan
tich ¢l phap va sinh ma trung gian v6i myc dich chuyen mot biéu thire so hoc don gian
tir dang trung t6 sang hau td. Ky sau chuyén ddi biéu thic & dang hau t6 sang md mdy
do kiéu stack, sau d6 sé& thuc thi doan ma do trén mdy do kiéu stack dé cho ra két qua
tinh toan cuéi cung.

Muc tiéu can dat:
Sau khi hoc xong chwong nay, sinh vién phai nim duoc:
e Céc thanh phan c4u tao nén trinh bién dich don gian.
e Hoat dong va cach cai dit cac giai doan cua ky trudc cua mot trinh bién dich
don gian.
e Cich s dung may triru tuong kiéu stack dé chuyén doi cac biéu thirc hau t6
sang mi may 4o va cach thyc thi cac doan ma a0 nay dé co duoc két qua cudi
cung.

Kién thirc co' ban
Pé tiép nhan cac ndi dung dugc trinh bay trong chuong 2, sinh vién phai:
e Biét mot ngon ngilr 1ap trinh nao do: C, Pascal, v.v dé hiéu cach cai dat trinh
bién dich.
e (6 kién thirc vé cau truc dir lidu dé hiéu cach to chirc dit liéu khi thyc hién cai
dat.
Tai liéu tham khao:

[1] Trinh Bién Dich - Phan Thi Tuoi (Truong Pai hoc ky thuat Tp.HCM) - NXB
Gido duc, 1998.

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

I. PINH NGHIA CU PHAP

1. Van pham phi ngir cinh

Dé xac dinh ct phap ctia mot ngdn ngit, ngudi ta dung vin pham phi ngit canh CFG
(Context Free Grammar) hay con goi 1a vin pham BNF (Backers Naur Form)

Vin pham phi ngit canh bao gdm bén thanh phan:
1. Mot tap hop céc token - cac ky hiéu két thiic (terminal symbols).

Vi du: Céc tir khoa, cac chuodi, dau ngoac don, ...
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2. Mot tap hop céac ky hiéu chua két thic (nonterminal symbols), con goi 13 cac

bién (variables).
Vi dyu: Cau 1énh, biéu thirc, .

. Mot tap hop céc luat sinh (product1ons) trong d6 mdi ludt sinh bao gdm mot

ky hiéu chua két thiic - goi 1a vé trai, mot ‘mii tén va mot chudi cac token
va / hodc cac ky hiéu chwa két thic goi 1a vé phai.

Mot trong cac ky hidu chua két thuc duge dung 1am ky hiéu bat dau cua vin
pham.

Chuing ta qui udc:

M0 ta van pham bang cach liét ké cac luat sinh.
Luét sinh chira ky hiéu bit dau s& duoc liét ké dau tién.

Néu c6 nhiéu luat sinh ¢o cung vé trai thi nhom lai thanh mot luét sinh duy
nhat, trong d6 cac v€ phai cach nhau béi ky hi¢u “|”doc 1a “hodc”.

Vi du 2.1: Xem biéu thirc 1a mot danh sach ctia cac s6 phan biét nhau boi ddu + va déu

-. Ta co,

van pham véi céc luat sinh sau s€ xac dinh ct phap cua biéu thuec.

list — list + digit

list — list - digit PN list —> list + digit | list - digit | digit

list — digit digit—>0]1[2...|9
digit—>0|11]2]..]9
Nhu vay van pham phi nglt canh & day la:

- Tap hop céc ky hiéu két thuc: 0, 1, 2, ..., 9, +, -
- Tap hop céac ky hiéu chua két thuc: list, digit.
- Cac luat sinh da néu trén.

- Ky hiéu chua két thuc bat dau: list.

Vidu 2.2:
Tir vi dy 2.1 ta thdy: 9 - 5+ 2 12 mot list vi:

9 1a mot list vi no 1a mot digit.
9 -5 lamdt list vi 9 1a mot list va 5 1a mot digit.
9-5+21lamotlist vi 9 - 5 1a mot list va 2 1a mot digit.

Vidu 2.3:

Mot list 1a mot chudi cac 1énh, phan cach boi dau ; cua khbi begin - end trong
Pascal. Mgt danh sach rong cac Iénh c6 thé co gitra begin va end.

Chung ta xay dyng van pham bai cac luat sinh sau:

block — begin opt stmts end
opt stmts — stmt list| &

stmt list — stmt list ; stmt | stmt
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Trong d6 opt stmts (optional statements) 1a mdt danh sach cac 1¢nh hoac khong co
1énh nao (¢).

'Luat sinh cho stmt_list giong nhu luat sinh cho list trong vi du 2.1, bang cach thay
thé +, - bdi ; va stmt thay cho digit.

2. Cay phan tich ca phap (Parse Tree)

Cay phan tich ct phap minh hoa ky hiéu ban dau ctia mot van pham dan dén mot
chuoi trong ngon ngi.

Néu ky hiéu chua két thic A c6 luat sinh A — XYZ thi cay phan tich ca phép c6
thé c6 mot nut trong cd nhan A va c6 3 nut con c6 nhan tuong Gng tur trai qua phai la

X, Y, Z. A
AN
X Y

Z

Mot cach hinh thire, cho mot van pham phi ngir canh thi cay phéan tich cu phép la
mot cdy c6 cac tinh chat sau day:

1. Nat gbc c6 nhin 1a ky hiéu bat dau.
2. Mdi mot 14 c6 nhan 1a mot ky hi¢u két thac hodc mot ¢.
3. Mdi nut trong c6 nhén 1a mot ky hiéu chua két thic.

4. Néu A 1a mot ky hiéu chua két thiic duge dung 1am nhin cho mdt nit trong
nao d6 va X1 ... Xn 1a nhan cua cac con cta né theo thir ty tir trai sang phai thi
A — X1X2 ... Xn 1a mét luat sinh. O ddy X1, ..., Xn c6 thé 13 ky hiéu két thic
hodc chua két thuc. Dic biét, néu A — ¢ thi nat c6 nhan A c6 thé c6 mot con
c6 nhan €.

3. Sw mo hd ciia vin pham

Mot van pham c6 thé sinh ra nhiéu hon mét cdy phan tich ct phap cho cling mot
chudi nhép thi goi 1a van pham mo ho.

Vi du 2.4: Gia st chiing ta khong phan biét mot list v6i mot digit, xem ching déu
1a mdt string ta ¢c6 van pham:

string — string + string | string - string [0 | 1]...|9.

Véi vian pham nay thi chudi biéu thirc 9 - 5 + 2 c6 dén hai cay phan tich ct
phap nhu sau :

string /string
}rli \ string string - string

2 9 string +  string

5

2

st‘nng - strin

Hinh 2.1 Minh hoa vin pham mo hé
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Tuong tu véi cach dat dau ngoac vao biéu thirc nhu sau :
9-5+2 9-(5+2)

Boi vi mot chudi voi nhiéu cdy phan tich ca phap thudng s€ c6 nhiéu nghia, do
do khi bién dich cac chuong trinh tmg dung, chung ta can thiét ké cac van pham khong
¢6 su mo hd hodc can bd sung thém cac qui tic can thiét dé giai quyét sy mo hd cho
van pham.

4. Su két hop cua cac toan tw

Thong thuong, theo quy wdc ta co biéu thic 9 + 5 + 2 twong duong (9 + 5) +2va 9
- 5 - 2 tuong duong véi (9 - 5) - 2. Khi mdt toan hang nhu 5 ¢6 hai toan tir ¢ trai va
phai thi n6 phai chon mot trong hai dé xtr Iy trude. Néu toan tir bén trai duge thyc hién
trudc ta goi 1a két hop trai. Nguoc lai 1a két hop phai.

Thuong thi béq phép toan sb hoc: +, -, *, / ¢4 tinh két hop trai. Cac phép toan nhur
sO0 mil, phép gan bang (=) c6 tinh két hop phai.

Vi du 2.5: Trong ngén ngit C, biéu thitc a = b = ¢ twong dwong a = (b =c¢) vi
chudi a =b = ¢ vdi toan tir két hop phai dugc sinh ra béi van pham:

right — letter = right | letter
letter > a|b]|..|z

Ta c6 cay phan tich ¢t phap c6 dang nhu sau (cht y hudng cua cay nghiéng vé bén
phai trong khi cdy cho cac phép toan c6 két hop trai thuong nghiéng vé trai)

right

| RN

a letter = letter

b c

Hinh 2.2 - Minh hoa cdy phén tich cii phdp cho todn tir két hop phdi
5. Thir tw wu tién cta cac toan tir

Xét biéu thire 9 + 5 * 2. C6 2 cach dé dién gidi bicu thirc nay, d6 1a 9 + (5 * 2)
hodc (9 + 5) * 2. Tinh két hop cua phep + va * khong giai quyét duoc sy mo ho nay,
vi vay can phai quy dinh mot thtr ty vu tién gifra cac loai toan tir khac nhau.

Thong thuong trong todn hoc, cac toan tir * va / c6 d uu tién cao hon + va -.
C1 phap cho biéu thic :

Vin pham cho céac biéu thirc s6 hoc ¢ thé xay dung tir bang két hop va wu tién cta
cac toan tir. Chung ta c6 thé bat dau voi bon phép tinh s6 hoc theo thir bac sau :

Két hop trai +, - Thi ty wu tién
Két hop trai *, / tir thap dén cao
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Chung ta tao hai ky hiéu chua két thiic expr va term cho hai mirc wu tién va mot ky
hiéu chua két thuc factor lam don vi phat sinh co s¢ cua bi€u thire. Ta c6 don vi co ban
trong bieu thuc 1a s6 hodc bi€u thirc trong dau ngoac.

factor — digit | (expr)

Phép nhan va chia ¢ thr ty vu tién cao hon dong thoi ching két hop trai nén luat
sinh cho term twong tu nhu cho list :

term — term * factor | term / factor | factor
Tuong tu, ta cé luat sinh cho expr :
expr — expr + term | expr - term | term
Vay, cudi cung ta thu dugc van pham cho biéu thirc nhu sau :
expr — expr + term | expr - term | term
term — term * factor | term / factor | factor
factor — digit | (expr)

Nhu v@y: Van pham nay xem biéu thirc nhu 1a mot danh sach cac term duge phan
cach nhau bé’i’déu + hodc -. Term 1a mot list cac factor phan cach nhau boi * hodc /.
Chu y rang bat ky mét bi€u thirc nao trong ngoac déu la factor, vi thé voi cac dau
ngodc ching ta co thé xay dung cac bi€u thuc 16ng sau nhiéu cap tuy y.

Cu phap cac cau Iénh:

Tu khoa (keyword) cho phép ching ta nhan ra cau 1¢énh trong hau hét cac ngon
ngtr. Vi du trong Pascal, hau hét cac 1énh déu bit dau boi mot tir khoa ngoai trir 1énh
gan. Mot so 1énh Pascal dugc dinh nghia boi van pham (mo hd) sau, trong d6 id chi
mot danh bi€u (tén bién).

stmt - 1id := expr
| if expr then stmt
| if expr then stmt else stmt
| while expr do stmt

| begin opt stmts end

Ky hi¢u chua két thic opt_stmts sinh ra mot danh sach cé thé rong cac 1énh,
phan cach nhau boi dau cham phay (;)

II. DICH TRUC TIEP CU PHAP (Syntax - Directed Translation)

bé dich mot két cau ngdn ngir 1ap trinh, trong qua trinh dich, bo bién dich can luu
lai nhiéu dai lugng khéc cho viéc sinh ma ngoai ma 1énh can tao ra cho két ciu. Chéng
han né can biét kiéu (type) cua két cAu, dia chi cua 1énh dau tién trong ma dich, s6 1énh
phat sinh,v.v Vi vy ta n6i mot cach ao vé thudc tinh (attribute) di kém theo két cau.
Mot thudc tinh c6 thé biéu dién cho mot dai luong bat ky nhu mot kiéu, mot chudi,
mot dia chi ving nhd, v.v

_Chung ta st dyung dinh nghia tryc tiép ci phap (syntax - directed definition)
nham ddc ta viéc phién dich cac két cau ngdn ngit 1ap trinh theo cac thudc tinh di kém
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v6i thanh phan ct phap cta nd. Ching ta ciing s& sit dung mot thuat ngir co tinh tha
tuc hon 1a lwgee do dich (translation scheme) dé dac ta qua trinh dich. Trong chuong
nay, ta st dung lugc d6 dich dé dich mdt bi€u thirc trung to6 thanh dang hau to.

1. Ky phap hiu to6 (Postfix Notation)
Ky phap hau t6 ctia biéu thirc E ¢ thé duoc dinh nghia quy nap nhu sau:
1. Néu E 1a mot bién hay hang thi ky phap hau t6 cua E chinh 1a E.

2.Néu E 1a mot biéu thirc c6 dang E1 op E2 trong d6 op 1a mdt toan tir hai ngo1
thi ky phap hau t6 cia E 1a E1° E2’ op. Trong do E1°, E2’ tuong Ung 1a ky phép hau to
cua El1, E2.

3. Néu E 1a mot biéu thirc dang (E1) thi ky phap hau té cua E 13 ky phap hau t6
cua E1.

Trong dang ky phép hau td, dau ngoac la khong can thiét vi vi tri va sd lugng céac
dd61 s6 chi cho phép xac dinh mot sy giai ma duy nhat cho mgt bi€u thirc hau to.

Vi du 2.6: Dang hau t6 ctia biéu thirc (9-5)+2 14 95-2+
Dang hau té ctia biéu thic 9 - (5+2)1a 952 +-
2. Pinh nghia tryec tiép cii phap (Syntax - Directed Definition)

Dinh nghia tryc tiép ct phap sir dung van pham phi ngir canh dé dic ta cau trac ch
phéap ctia dong input nhap. N6 lién két mdi ky hiéu vin pham véi mot tap cac thudce
tinh va mdi luat sinh két hop voi mét tap cac quy tic ngit nghia (semantic rule) dé tinh
gi4 tri cia thudce tinh di kém véi nhitng ky hi¢u co6 trong ludt sinh van pham. Van pham
va tip cac quy tic ngit nghia tao nén dinh nghia truc tiép ca phap.

Phién dich (translation) 1a mgt anh xa gitra input - output (input - output mapping).
Output cho mdi input x duoc xac dinh theo cach sau. Trudc hét xay dung cdy phan
tich cti phép cho x. Gia st nit n trong cay phan tich c phap cé nhan Ia ky hi¢u van
pham X. Ta viét X.a dé chi gia tri ca thugc tinh a cua X tai nat do. Gia tri cua X.a tai
n duoc tinh bang cach st dung quy tic ngir nghia cho thudc tinh a két hop véi lugt
sinh cho X tai nut n. Cdy phan tich cti phap c6 thé hién rd gid tri ctia thudc tinh tai mdi
nat goi la cdy phan tich ¢t phép chu thich (annotated parse tree).

3. Thuc tinh tong hop (Synthesized Attributes)

Mot thudc tinh dugce goi la té)ng hop néu gia tri ciia n6 tai mot nut trén cdy cu phap
dugc xac dinh tur cac gia tri ciia cac thudc tinh tai cac nut con cia nut do.

Vi du 2.7: Pinh nghia truc tiép ct phap cho viéc dich cac biéu thirc cac sd cach
nhau béi dau + hodc - thanh ky phap hau t6 nhu sau:

Luét sinh Quy tic ngir nghia
E—>E1+T Et:=ELt| T.t| ‘+
E—>El-T Et:=Elt| T.t] ‘-
E—>T Et:=T.t
T—> 0 Tt:="0
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T—> 9 Tt:=9
Hinh 2.3 - Vi du vé dinh nghia triee tiép cii phdp

Ching han, mot quy tic ngi nghia E.t = ELt [ T.t || *+’ két hop voi luat sinh xac
dinh gia tri cta thudc tinh E.t bang cach ghép cac ky phap hau t6 ciia E1.t va T.t va
dau ‘+'. Dau || c6 nghia nhu sy ghép cac chudi.

Ta c6 cdy phan tich ¢t phap cha thich cho biéu thirc 9 - 5 + 2 nhu sau :
Et=95-2+

E.t 95-/ \

Tt=2

/ \
Et|=9 Tt=5
T.t|=9
9 - 5 + 2

Hinh 2.4 - Minh hoa cay phan tich cu phap chu thich

Gia tri cta thudc tinh t tai mdi nat duge tinh bang cach dung quy tic ngit nghia két
hop v6i ludt sinh tai nat 6. Gia tri thudc tinh tai ntit goc 1a ky phap hau t6 cua chuoi
duogc sinh ra boi cay phan tich cu phap.

4. Duyét theo chiéu siu (Depth - First Traversal)

Qua trinh dich duoc cai dit bang cach danh gia cic luat ngit nghia cho cac thudc
tinh trong cay phén tich cu phap theo mot thir tw xac dinh trude. Ta dung phép duyét
cdy theo chiéu sau dé danh gia quy tac ngir nghia. Bat dau tir nut gdc, tham lan luogt
(dé qui) cac con ctia mdi nut theo thir tir tir trai sang phai.

Procedure visit (n : node);
begin
for v&i mdi nlit con m cua n, tr trai sang phai  do
visit (m);
Danh gia quy tic ngit nghia tai nut n;
end
5. Lugc dd dich (Translation Scheme)

Mot luge d6 dich 1a mot van pham phi ngtr canh, trong d6 cac doan chuong trinh
goi 1a hanh vi ngit nghia (semantic actions) dugc gan vao vé phai cua lut sinh. Lugc
d6 dich ciing nhu dinh nghia tryc tiép ct phap nhung the ty danh gia cac quy tic ngir
nghia dugc trinh bay mot cach rd rang. Vi tri ma tai d6 mot hanh vi dugc thuc hién
duoc trinh bay trong cip ddu ngodc nhon { } va viét vao vé phai luat sinh.

Vi du 2.8: rest > + term {print (‘+’)} restl.
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rest

+  term {print(‘+’) } restl

Hinh 2.5 - Mot nut ld dwoc xdy dung cho hanh vi ngit nghia

Lugc dd dich tao ra mot output cho mdi cau nhap x sinh ra tir vin pham da cho
bang cach thyc hién cac hanh vi theo thr ty ma chiing xuét hién trong qua trinh duyét
theo chiéu sdu cdy phén tich c phap ctia x. Chang han, xét cay phén tich ¢ phap véi
mot nit ¢6 nhin rest biéu dién luat sinh noi trén. Hanh vi ngit nghia { print(‘+’) } duoc
thuc hién sau khi cay con term dugc duyét nhung trude khi cay con restl dugc tham.

6. Phat sinh ban dich (Emitting a Translation)

Trong chuong nay, hanh vi nglr nghia trong lugc d6 dich s& ghi két qua cua qua
trinh phién dich vao mot tap tin, mdi lan mot chudi hoic mot ky ty. Chang han, khi
dich 9 - 5+ 2 thanh 9 5 - 2 + bang cach ghi mbi ky tu trong 9 - 5 + 2 diing mot 1an ma
khong phai ghi lai qua trinh dich ctia cac biéu thic con. Khi tao ra output dan dan theo
cach nay, thir ty in ra cac ky tu s rat quan trong.

Chu ¥ rang cac dinh nghia truc tiép ca phap déu c6 déc diém sau: chudi bleu dién
cho ban dich cua ky hiéu chua két thuc & vé trai cua mdi luat sinh 1a sy ghép ndi cla
cac ban dich ¢ vé phai theo diing thtr ti cta chung trong luat sinh va c6 thé thém mot
s6 chudi khac xen vao giita. Mot dinh nghia truc tiép ct phap theo dang niy dugc xem
la don gian.

Vi du 2.9: Véi dinh nghia tryc tiép ct phap nhu hinh 2.3, ta xay dung luge do dich

nhu sau : E—>EL+T { print (‘+’) }
E—>El-T { print (‘=) }
E—->T
T—0 { print (0) }
T—9 { print (‘9°) }

Hinh 2.6 - Luoc do dich biéu thirc trung 16 thanh héu t6
Ta c6 cac hanh dong dich biéu thitc 9 - 5+ 2 thanh 9 5 - 2 + nhu sau :

{ print(‘+’)

/S J o { print(-") } / {prini(2)

P 5 {print(‘5’) }
9 { print(‘9’) }
Hinh 2.7 - Cdc hanh dong dich biéu thirc 9-5+2 thanh 9 5- 2 +
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Xem nhu mot quy tic tong quat, phan 16n cac phuong phap phan tich ci phap déu
xu ly input cua chung tir trai sang phai, trong lugc d6 dich don gian (luge d6 dich dan
xuat tir mot dinh nghia truc tiép cua phap don gian), cac hanh vi ngir nghia cing dugc
thue hién tir trai sang phai. Vi thé, dé cai dit mot lugc d6 dich don gian, chung ta c6
thé thyc hién cac hanh vi ngir nghia trong lic phén tich ci phap ma khong nhat thiét
phai xdy dung cay phan tich cu phap.

III. PHAN TiCH CU PHAP (PARSING)

Phén tich ct phéap 13 qua trinh xac dinh xem liéu mot chudi ky hiéu két thic
(token) c6 thé duoc sinh ra tir mot van pham hay khong ? Khi néi vé van dé nay,
chiung ta xem nhu dang xay dyng mot cdy phén tich ct phap, mac du mot trinh bién
dich c6 thé khong xay dung mot cdy nhu the Tuy nhién, qué trinh phan tich cu phap
(parse) phai c6 kha ning xay dung né, néu khong thi viéc phién dich s& khong bao
dam duoc tinh dung dan.

Phén 16n cac phuong phap phan tich cu phap déu roi vao mot trong 2 16p: phuong
phap phan tich tir trén xuéng va phuong phap phan tich tir dudi 1én. Nhing thuat ngtr
nay mudn dé cap dén tht ty xay dung cac nat trong cdy phan tich ci phap. Trong
phuong phap dau, qua trinh xay dung bat dau tir gdc tién hanh hudng xubng cac nut 14,
con trong phuong phap sau thi thuc hién tir cac nit 14 huéng vé gdc. Phuong phap
phan tich tir trén xubng théng dung hon nhd vao tinh hiéu qua cia nd khi xay dung
theo 16i thi cong. Nguoc lai, phuong phap phan tich tir dudi Ién lai c6 thé xu 1y duoc
mét 16p van pham va luge d6 dich phong phu hon. Vi vay, da s6 cac cong cu phan
mém giup xdy dung thé phan tich ca phap mot cach truc tiép tir vin pham déu c6 xu
hudng str dung phuong phap tir dudi 1én.

1. Phan tich ct phap tir trén xudng (Top - Down Parsing)
Xét van pham sinh ra mot tap con céc kiéu dir liéu cua Pascal
type — simple | Tid | array [simple] of type
simple — integer | char | num .. num

Phén tich trén xudng bat dau boi nut gbe, nhin 13 ky hiéu chwa két thuc bat dau va
1ap lai viéc thuc hién hai budc sau day:

1. Tai nut n, nhan 1a ky hi¢u chua két thuc A, chon mot trong nhitng ludt sinh
cua A va xay dung céc con cua n cho cac ky hiéu trong vé€ phai cua luat sinh.

2. Tim nut ké tiép ma tai d6 mot cay con s€ duogc xay dung. Pdi voi mot sb van
pham, céc budc trén dugc cai dat bang mot phép quét (scan) dong nhdp tu trdi qua
phai.

Vi du 2.10: Véi céc luat sinh cia van pham trén, ta xay dung cay ct phap cho
dong nhédp: array [num .. num] of integer
Moé dau ta xdy dung nat goc v6i nhan type. Dé xay dung cac nat con cia type
ta chon luat sinh type — array [simple] of type. Cac ky hi¢u ndm bén phai cua luat
sinh nay la array, [, simple, |, of, type do do nut géc type c6 6 con c6 nhan tuong Gng
(ap dung budce 1)

Trong cac nut con cua type, tir trai qua thi nat con c6 nhan simple (mot ky hi¢u

chua két thuc) do d6 cé thé xay dung mot cay con tai ntt simple (budc 2)
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Trong céc ludt sinh c6 vé trai 1 simple, ta chon luat sinh simple — num .. num
dé xay dung. Noi chung, viéc chon mdt luat sinh co thé duoc xem nhu mot qua trinh
thir va sai (trial - and - error). Nghia 12 mot luat sinh duoc chon dé thir va sau d6 quay
lai dé thir mot luat sinh khac néu luat sinh ban dau khong phu hop. Mot ludt sinh 1a
khong phu hop néu sau khi str dung luat sinh ndy chung ta khong thé xay dung mot
cay hop voi dong nhap. Dé tranh viéc 1an ngugc, ngudi ta dwa ra mot phuong phéap goi
la phuong phép phén tich cti phap du doan.

(a) oPe
) // \\
array simple ] of e
/ | ™ |
(c) num .. num simple (d)

integer (e)
Hinh 2.8 - Minh hoa qud trinh phdn tich cii phdp tir trén xuong
2. Phan tich cu phap du doan (Predictive Parsing)

Phuong phap phan tich ct phap d¢ qui xubng (recursive-descent parsing) 1a mot
phuong phap phan tich trén xudng, trong d6 chung ta thyc hién mot loat thu tuc dé qui
dé xur ly chudi nhap. Mdi mot thu tuc két hop véi mot ky hiéu chua két thic cua van
pham. O day chung ta xét mot trudng hop dic biét ciia phuong phap dé qui xudng 1a
phuong phap phén tich du doan trong d6 ky hiu do tim s& xac dinh thu tuc dugce chon
d6i v6i ky hiéu chua két thuc. Chudi cac thu tuc duoc goi trong qua trinh xur Iy chudi
nhdp s€ tao ra ciy phan tich ct phap.

Vi du 2.11: Xét vian pham nhu trén, ta viét cac thu tyc type va simple tuong tng
v6i cac ky hiu chua két thiic type va simple trong vin pham. Ta con dua thém thi tuc
match dé don gian hoa doan ma cho hai thu tuc trén, no6 s€ dich téi ky hiéu ké tiép néu
tham sd t ctia n6 so khdp véi ky hiéu do tim tai dau doc (lookahead).

procedure match (t: token);
begin
if lookahead =t then
lookahead := nexttoken
else error
end;
procedure type;
begin
if lookahead in [integer, char, num] then
simple

else if lookahead =“T¢ then begin
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match (‘T¢); match(id);
end
else if lookahead = array then begin
match(array); match(‘[*);
simple;
match(‘]’); match(of);
type
end
else error;
end;
procedure simple;
begin
if lookahead = integer then match(integer)
else if lookahead = char then match(char)
else if lookahead =num then
begin
match(num); match(dotdot); match(num);
end
else error
end;
Hinh 2.9 - Doagn ma gia minh hoa phwong phap phan tich du doan

Phén tich ca phap bt ddu bang 101 goi t6i thu tuc cho ky hiéu bit dau type. Véi
dong nhap array [num .. num] of integer thi dau doc lookahead bat dau s& doc token
array. Thi tuc type sau d6 s& thuc hién chudi 1énh: match(array); match(‘[*); simple;
match(‘]’);, match(of); type. Sau khi da doc dugc array va | thi ky hi¢u hién tai la
num. Tai diém nay thi tha tuc simple va cic 1énh match(num); match(dotdot);
match(num) dugce thuc hién.

Xét luat sinh type — simple. Luat sinh nay c6 thé dugc dung khi ky hiéu do tim
sinh ra bdi simple, chéng han ky hi¢u do tim 1a integer mac du trong van pham khong
c6 ludt sinh type — integer, nhung c6 luat sinh simple — integer, do d6 luét sinh
type — simple duoc dung bang cach trong type goi simple.

Phén tich dy doan dua vao thong tin vé cac ky hiéu dau sinh ra boi vé phai cua
mot ludt sinh. No6i chinh xé&c hon, gia st ta ¢6 luat sinh A — vy, ta dinh nghia tap hop :

FIRST(y) = { token | xuat hién nhu cac ky hiéu ddu ctia mét hodc nhiéu chudi
sinh rabdiy }. Néu vy 1a € hodc c6 thé sinh ra € thi € € FIRST(y).

Vi du 2.12: Xét vin pham nhu trén, ta dé dang x4c dinh:
FIRST( simple) = { integer, char, num }
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FIRST(Tid)= { T}
FIRST( array [simple] of type ) = { array }

Néutaco A — ava A — B, phan tich dé qui xudng s& khong phai quay lui néu
FIRST(a) N FIRST(B) = &. Néu ky hiéu do tim thudc FIRST(a) thi A — a duoc
dung. Nguoc lai, néu ky hiéu do tim thudc FIRST(B) thi A — B dugc dung.

Trwong hop o = ¢ (Luét sinh g)
Vi du 2.13: Xét van pham chura cac luat sinh sau :
stmt — begin opt stmts end
opt_stmts — stmt list | ¢

Khi phan tich ¢t phap cho opt_stmts, néu ky hiéu do tim ¢ FIRST(stmt _list) thi
sir dung ludt sinh: opt_stmts — &. Chon lwa nay hoan toan chinh xac néu ky hiéu do
tim 1a end, moi ky hi¢u do tim khac end s€ gay ra 16i va dugc phat hién trong khi phan
tich stmt.

3. Thiét ké bd phan tich ci phap dv doan

B6 phan tich dy doan 1a mot chuong trinh bao gém céc thu tuc twong tng voi cac
ky hi¢u chua két thuc. Moi thu tuc s€ thuc hién hai cong viéc sau:

1. Lu@t sinh ma vé phai o cua né s€ duoc Qﬁng nép ky hiéu do tim thude
FIRST(a). Néu c6 mdt sy dung do gitra hai vé phai doi voi bat ky mdt ky hi€u do tim
nao thi khong thé dung phuong phap nay. Mot luat sinh v6i € nam bén vé phai dugce
dung néu ky hi€u do tim khong thudc tap hop FIRST cua bat ky vé phai nao khac.

2. Mot ky hi¢u chua két thiic twong g 101 goi thi tuc, mot token phai phu hop
v6i ky hiéu do tim. Néu token khong phu hgp vdi ky hiéu do tim thi co 16i.

4. Loai b6 dé qui trai

Mot bo phan tich ¢t phap dé quy xudng co thé s& din dén mot vong 1ap vo tan néu
gap mot ludt sinh d¢ qui trai dang E — E + T bdi vi ky hi¢u trai nhat bén vé phai cling
giong nhu ky hi¢u chua két thuc bén vé trai cua luat sinh.

Pé giai quyét dugc van dé nay ching ta phai loai bo dé qui trai bang cach thém
vao mdt ky hi¢u chua két thiic méi. Chang han véi luat sinh dang A — Aa | B.Ta thém
vao mot ky hi¢u chua két thuc R dé viét lai thanh tap luat sinh nhu sau :

A— BR
R—> aR| ¢
Vidu 2.14: Xét luatsinhdé quy trai: E>E+T|T
St dung quy tic khir dé quy trai ndi trén voi: A=E, o=+ T,p=T.
Luat sinh trén c6 thé bién dbi twong duong thanh tap luat sinh :
E—> TR
R—> +TR]| ¢
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IV. MOT CHUONG TRINH DICH BIEU THUC PON GIAN

Str dung cac ky thuat néu trén, chung ta xay dung mot bo dich tryc tlep ci phap ma
n6 dich mét biéu thire s6 hoc don gian tir trung t6 sang hau t6. Ta bat dau véi cac biéu
thure 1a cac chit sd viét cach nhau bai + hodc -.

Xét luge d6 dich cho dang biéu thirc nay :
expr — expr +term { print (‘+°) }
expr — expr -term { print (*-’) }
exXpr — term

term — 0 { print (‘0’) }

term — 9 { print (‘9°) }
Hinh 2.10 - Ddc t luge do dich khéi dau

Vian pham nén tang cho lugc dd dich trén c6 chira luat sinh dé qui trai, bg phan tich
cu phap du dodn khong xir 1y dugc van pham dang nay, cho nén ta can loai bé dé¢ quy
trai bang cach dua vao mot ky hiéu chua két thiic méi rest dé duge van pham thich hgp
nhu sau:

expr — term rest

rest —> + term { print(‘+’) } rest | - term {print(‘-’) rest | €
term — 0 { print(‘0’) }

term — 1 { print(‘1’) }

term — 9 { print(‘9’) }

Hinh sau ddy mo ta qua trinh dich biéu thirc 9 - 5 + 2 dwa vao lugc dd dich trén:
expr

9 { print(‘9’) } " term ¢ ;rint( ) rest

5 { ‘pri;lt(‘S’) 3 + term { pfint(+’) } rest

; ~
Hinh 2.11 - Dich 9 - 5+2 thanh 9 5- 2+ {print(‘2)} &

Bay gio ta cai dat chuong trinh dich bang C theo dic ta nhu trén. Phan chinh cua
chuong trinh nay la cdc doan ma C cho cac ham expr, term va rest.

// Ham expr( ) trong tng v6i ky hidu chua két thuc expr

expr()
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term( ) ; rest( );

// Ham expr( ) trong tng v6i ky hidu chua két thuc expr
rest()
{
if (lookahead == ‘+" ) {
match(‘+”) ; term( ) ; putchar (‘+ ) ; rest( );
}
else if (lookahead == *‘-") {
match(‘-’) ; term( ) ; putchar (‘=) ; rest( );
}

else ;

// Ham expr( ) tuong Gng véi ky hi¢u chua két thiic expr
term( )
{
if (isdigit (lookahead) {
putchar (lookahead); match (lookahead);
}

else error( );

}

Téi wu héa chwong trinh dich

Mot s6 101 goi dé quy c6 thé dugc thay thé bang cac vong lip dé lam cho chuong
trinh thuc hién nhanh hon. Poan ma cho rest ¢6 thé dugc viét lai nhu sau :

rest()

{
L: if (lookahead ==+ ) {
match(‘+’) ; term( ) ; putchar (‘+ ) ; goto L;
b
else if (lookahead == *‘-") {
match(‘-’) ; term( ) ; putchar (*-’) ; goto L;
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}

else ;

}

Nho sy thay thé ndy, hai ham rest va expr ¢ thé dugc tich hop lai thanh mét.

Mat khac, trong C, mét cau 1€nh stmt co thé dugc thuc hién 1ap di 1ap laj bﬁng
cach viet : while (1) stmt voi 1 la diéu kién hang dung. Ching ta ciing c6 thé thoat
khoi vong 1ap dé dang bang 1énh break.

Poan chuong trinh co thé duoc viét lai nhu sau :

expr ()
{
term ()
while (1)

if (lookahead ==+’ ) {
match(‘+’) ; term( ) ; putchar (‘+ ) ;

§

else if (lookahead == “-") {
match(‘-") ; term( ) ; putchar (‘") ;

§

clse break;

}

Chuong trinh C dich biéu thirc trung to sang hiu t6
Chuong trinh ngudn C hoan chinh cho chwong trinh dich ¢6 ma nhu sau :

# include< ctype.h> /* nap tap tin chua isdigit vao™*/

int lookahead;

main ()

{
lookahead = getchar( );

expr( ) ; putchar(‘\n‘); /* thém vao ky tu xudng hang */

expr()
{

term( );
while(1)
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if (lookahead == “+’)

{ match(‘+”); term( ); putchar(‘+ ); }
else if (lookahead == *-")

{ match(‘-"); term( ); putchar(‘-"); }

else break;

term( )
{
if (isdigit(lookahead))
{ putchar(lookahead); match(lookahead); }

else error( );

match (intt)

{
if (lookahead ==t)
lookahead = getchar();

else error();

}

error( )

{
printf (“syntax error \n"); /* in ra thong bao 16i */
exit(1); /* rdi két thuc */

b

V.PHAN TiCH TU VUNG (Lexical Analysis)

Bay gid ching ta thém vao phan trude trinh bién dich mot bd phan tich tir vung dé
doc va bién d6i dong nhap thanh mot chudi cac tir to (token) ma bd phén tich ca phap
c6 thé sir dung duoc. Nhic lai rang mot chudi cac ky tu hop thanh mot token goi 12 tri
tr vung (lexeme) cua token do.

Trude hét ta trinh bay mot sd chirc ning can thiét ciia bd phan tich tir vung.
1. Loai bé cac khoéng tring va cac dong chu thich

Qua trinh dich s& xem x¢t tat ca cac ky tu trong dong nhap nén nhimg ky ty khong
c6 nghia (nhu khodng trang bao gom ky tu trong (blanks), ky tu tabs, ky tu newlines)
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hodc cac dong chu thich (comment) phai bi bo qua. Khi bo phan tich tir vung da bo
qua cac khoang tring nay thi bd phan tich ca phap khong bao gio xem x¢ét dén ching
nira. Chon lya cach sira d6i van pham dé dua ca khoang trang vao trong cu phép thi
hau nhu rat kho cai dit.

2. Xir Iy cac hang

Bét cir khi nao mot ky tu s6 xuat hién trong biéu thtrc thi nd duge xem nhu 13 mot
hang sb. Béi vi mot hing sé nguyén 13 mot day cac chir s6 nén né co thé duoc cho boi
luat sinh van pham hodc tao ra mot token cho hang s6 d6. Bo phan tich tir vung co
nhiém vu ghép céc chit s6 dé dugec mot sé va sir dung né nhu mot don vi trong sudt
qua trinh dich.

Dit num 13 mot token biéu dién cho mot sé nguyén. Khi mot chudi cac chir sé xuit
hién trong dong nhap thi bé phan tich tir vung s& giri num cho bd phan tich ca phap.
Gia trl cua s6 nguyén dugc chuyén cho bd phan tich ct phap nhu 1a mét thude tinh cua
token num. V& mit logic, bo phan tich tir vung s& chuyén ca token va cic thugc tinh
cho bd phan tich ¢l phap. Néu ta viét mot token va thudc tinh thanh mot bo nam giita
< > thi dong nhap 31 + 28 + 59 s& dugc chuyén thanh mot diy cac bo :

<num, 31>, <+, > <num, 28>, < +, > <num, 59>,

B0 <+, > cho thay thudc tinh ctia + khong c6 vai trd gi trong khi phén tich ct phap
nhung no can thi€t dung dén trong qua trinh dich.

3. Nhan dang cac danh biéu va tir khéa

Ngbén ngit dung cic danh biéu (identifier) nhu 13 tén bién, mang, ham va vin pham
xtt 1y cac danh biéu nay nhu 1a mot token. Ngudi ta dung token id cho cac danh biéu
khac nhau do d6 néu ta c6 dong nhdp count = count + increment; thi bd phan tich tir
vung s& chuyén cho bd phan tich ct phap chudi token: id = id + id (cin phan biét
token va tri tir vung lexeme cta né: token id nhung tri tir vung (lexeme) c6 thé 1a
count hodc increment). Khi mgt lexeme thé hién cho mét danh biéu duge tim thfiy
trong dong nhap can phai c6 mot co ché dé xac dinh xem lexeme nay da dugc thiy
trudc do chua? Cong viéc nay dugc thuc hién nho sy luu trir trg gitp cua bang ky hiéu
(symbol table) da néu ¢ chuong trudce. Tri tr vung dugc luu trong bang ky hiéu va mot
con tré chi dén muc ghi trong bang tré thanh mét thudc tinh cua token id.

Nhiéu ngon ngir cling su dung cac chudi ky tu c6 dinh nhu begin, end, if, ... dé xac
dinh mot sé két ciu. Cac chudi ky tu nay duoc goi 1a tur khoa (keyword). Cac tor khoa
cling théa man qui ludt hinh thanh danh biéu, do vy cin qui wdc ring mot chudi ky tu
dugc xac dinh 1a mét danh biéu khi néd khong phai 1a tir khoa.

Mot van dé nira can quan tdm 13 van dé tach ra mot token trong truong hop mot ky
tu ¢6 thé xuit hién trong tri tor vung cua nhiéu token. Vi du mot sd céac token 1a cac
todn tr quan h¢ trong Pascal nhu : <, <=, <>,

4. Giao dién cia bo phéan tich tir vung

B6 phan tich tr vung dugc dat xen gitra dong nhap va bd phan tich ci phap nén
giao dién véi hai bd nay nhu sau:
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Doc ky tu Chuyén

Q ¢ ) B6 phén tich token va B phan tich cu
n \ .
. tu vung thuc tinh phap

Pay ky tu try vé

Hinh 2.12 - Giao dién cua bo phan tich tu vung

B0 phan tich tir vung doc tung ky tu tir dong nhap, nhoém ching lai thanh céc tri tr
vung va chuyén cac token xac dinh bai tri tir vung nay cung véi cac thudc tinh cia nd
dén nhitng giai doan sau cta trinh bién dich. Trong mot vai tinh huong, b phan tich tur
vung phai doc vuot trude mot sé ky tw méi xac dinh dugc mot token dé chuyén cho bo
phén tich cu phap. Vi du, trong Pascal khi gép ky tu >, phai doc thém mot ky tu sau do
nira; néu ky tu sau 1a = thi token duoc xac dinh 14 “lorn hon hoic bang”, nguogc lai thi
token la “lon hon” va do d6 mot ky tu da bi doc qua. Trong truong hop do thi ky tu
doc qua nay phai duoc day tra vé (push back) cho dong nhap vi n6 c6 thé 1a ky tir bét
dau cho mot tri tir vung méi.

Bo phan tich tir vung va bd phan tich ct phap tao thanh mot cip "nha san xuét -
nguoi tiéu dung" (producer - consumer). B phan tich tir vung san sinh ra cac token va
bd phan tich ¢t phap tiéu thy chiing. Céc token duoc san xuat boi bd phan tich tir vung
s& duoc luu trong mot bd dém (buffer) cho dén khi chung duogc tiéu thu boi bo phan
tich ci phap. B phan tich tor vung khong the hoat dong tiép néu buffer bi ddy va bd
phén tich ¢ phap khong thé hoat dong nita néu buffer rong. Thong thuong, buffer chi
luu gitt mdt token. Dé cai dat tuong tac dé dang, ngudi ta tao ra mot thi tuc phan tich
tir vung duoc goi tir trong tha tuc phan tich ct phap, mdi 1an goi tra vé mot token.

Viéc doc va quay lui ky tu cling dugc cai dat béng cach dung mét bo dém nhap.
Mét khbi cac ky tu dugc doc vao trong buffer nhdp tai mot thoi diém nao d6, mot con
tro s€ gitt vi tri da dugc phan tich. Quay lui ky tu dugc thuc hién bé“mg cach lui con tro
trg vé. Cac ky tu trong dong nhap ciing c6 thé can duoc luu lai cho cong viée ghi nhan
16i boi vi can phai chi ra vi tri 18i trong doan chuong trinh.

Pé tranh viée phai quay lui, mdt sb trinh bién dich st dung co ché doc trudc mot
ky tu rdi moi goi dén bo phan tich tir vung. Bo phan tich tir vung s& doc tiép cac ky tu
cho dén khi doc toi ky tu mé dau cho mot token khac. Tri tir vung cua token trudc do
s& bao gdm cac ky tu tir ky tu doc trude dén ky tu vira ngay ky tur vira doc duoc. Ky tu
vura doc dugc sé 1a ky tu mo dau cho trj tir vung cua token sau. Vdi co ché nay thi moi
ky tu chi dugc doc duy nhét mot 1an.

5. Mot by phan tich tir vang

Bay gio ching ta xay dung mot bo phan tich tir vung cho chuong trinh dich cac
biéu thtrc s6 hoc. Hinh sau day goi y mot cach cai dat giao dién cuia bd phan tich tu
vung dugc viét bang C dudi dang ham lexan. Lexan doc va ddy cac ky tu trong input
tré vé bang cach goi tha tuc getchar va ungetc.
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Dung getchar() doc Tréa token cho

put — Bo phan tich > bén goi
. Coa s tr vung
Day ky tu tré vé bang lexan ()
ungetc (c, stdin Dit gia tri thudc tinh

vao bién toan cuc

tokenval

Hinh 2.13 - Cai dat giao dién cua bo phan tich tw vung

Néu ngdn ngit cai dit khong cho phép tra vé cac cau tric dit lidu tir cac ham thi
token va cac thudc tinh ctia n6 phai dugc truyén riéng r&. Ham lexan tra vé mot sd
nguyén mi hoa cho mot token. Token cho mot ky tw ¢ thé 1a mot sé nguyén quy uéc
dugc dung dé ma hoa cho ky tu d6. Mot token nhu num c6 thé dugc ma hoa bang mot
s6 nguyén 16n hon moi sé nguyén dugc dung dé ma hoa cho cac ky ty, ching han 1a
256. Dé d& dang thay d6i cach ma hoa, chung ta ding mot hing tuwong trung NUM
thay cho s6 nguyén ma hoa ctia num. Ham lexan tra vé NUM khi mot ddy chit s6
duogc tim théy trong input. Bién toan cuc tokenval duge dat 1a gia tri cua chudi sb nay.

Cai dat cua ham lexan nhu sau :

# include<stdio.h>

# include<ctype.h>

it lineno = 1;

int tokenval = NONE;

int lexan ()

{

nt t;
while(1) {
t = getchar( );
if (t==""|t=="\t") ; /* loai bo blank va tab */
else if (t=="“n")
lineno = lineno + 1;
else if (1sdigit (t)) {
tokenval =t - ‘0’;
t = getchar( );
while (isdigit (t) ) {
tokenval = tokenval * 10 +t - “0’;

t = getchar( );
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}

ungetc (t, stdin);

return NUM;
}
else {
tokenval = NONE;
return t;
}
} /* while */
} /* lexan */

VI. SUHINH THANH BANG KY HIEU

Mot cau trac dir liéu goi la bang ky hiéu (symbol table) thuong dugc dung dé luu
giit théng tin vé cac cau tric cta ngdn ngit nguon. Cac thong tin nay duoc tap hop tu
cac giai doan phan tich cta trinh bién dich va dugc sir dung boi giai doan tong hop dé
sinh ma dich. Vi du trong qua trinh phan tich tr vung, cac chudi ky tu tao ra mot token
(tri tir vung cua token) s& dugc luu vao mot muc ghi trong bang danh biéu. Cac giai
doan sau d6 c6 thé bo sung thém cac thong tin vé kiéu ciia danh biéu, cach sir dung né
va vi tri luu trit. Giai doan sinh mi s& dung thong tin nay dé tao ra ma phu hop, cho
phép luu trit va truy xuét bién do.

1. Giao dién ctia bang ky hi¢u

Céc thu tuc trén bang ky hiéu chu yéu lién quan dén viéc luu trit va truy xuét cac
tr1 tor vung. Khi mdt tri tr vung dugce luu trir thi token két hop vdi nod cling dugc luu.
Hai thao tac sau dugc thuc hién trén bang ky hi¢u.

Insert (s, t): Tra vé chi muc cia mdt 6 modi cho chudi s, token t.
Lookup (s): Tra vé chi muc cta 6 cho chudi s hoac 0 néu chuoi s khong ton tai.

B4 phan tich tir vung sir dung thao tac tim kiém lookup dé x4ac dinh xem mot 6 cho
mot tri tr vung ciia mot token nao dé da ton tai trong bang ky hi€u hay chua? Néu
chua thi dung thao tac xen vao insert d€ tao ra mot 6 mai cho no.

2. Xir ly tir khéa danh riéng

Ta ciing c6 thé sir dung bang ky hiéu noi trén dé xur 1y cac tir khoa danh riéng
(reserved keyword). Vi du voi hai token div va mod voi hai tri tir vung tuong ung la
div va mod. Chung ta c¢6 thé khdi tao bang ky hi¢u bdi 101 goi:

insert (“div”, div);
insert (“mod”, mod);

Sau d6 101 goi lookup (“div”) s€ tra vé token div, do d6 “div” khong thé dugc dung
lam danh biéu.

V61 phuong phép vira trinh bay thi tap céc tir khoa dugce luu trit trong bang ky hiéu
trude khi viée phan tich tr vung dién ra. Ta cling c6 thé luu trir cac tir khoa bén ngoai
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bang ky hi¢u nhu 1a mdt danh sach cé thir ty cia céc tir khoa. Trong qua trinh phan
tich tir vung, khi mot tri tr vung dugc xdc dinh thi ta phai tim (nhi phén) trong danh
sach céc tir khoa xem c6 tri tr vung nay khong. Néu cd, thi tri tor vung d6 1a mot tr
khoéa, nguoc lai, do 1a mot danh bi€u va s€ dugc dua vao bang ky hiéu.
3. Cai dat bang ky hiéu

Cau trac dit liéu cu thé dung cai dat cho mdt bang ky hi¢u dugc trinh béy trong
hinh dudi day. Ching ta khong mudn dung mot lugng khong gian nhé nhat dinh dé
luu cac tri tr vung tao ra mdt danh bi€u bo1 vi mdt lugng khong gian c¢6 dinh cé thé
khong du 16n dé luu cac danh biéu rat dai va cling rat lang phi khi gap mdt danh bi€u
ngan.

Thong thudng, mot bang ky hiéu gdm hai méang :

1. Mang lexemes (tri tu vung) dung dé Iuu trir cac chudi ky tu tao ra mot danh
biéu, cac chudi nay ngan cach nhau bdi cac ky tu EOS (end - of - string).

2. Mang symtable véi mdi phan tir 1d mot mau tin (record) bao gom hai truong,
truong con tro lexptr tréd to1 dau tri tor vung va truong token. Cling c6 thé dung thém
cac truong khac dé luu trir gia tri cac thudc tinh.

Muc ghi thir zero trong mang symtable phai duoc dé trong bai vi gid tri tra vé cia
ham lookup trong truong hop khong tim thay 6 twong g cho chuoi ky hiéu.

Symtable Lexptr Token Attributes
0
diV 1
mod )
id 3
id 4

1

d|i|[v|[EOS| m|[o |d [EOS| ¢c|{ o |u n|t | EOS|[i |EOS

Lexeme
Hinh 2.14 - Bdng ky hiéu va mang dé luu cdc chudi

Trong hinh trén, 6 thi nhét va tha hai trong bang ky hiéu danh cho cac tir khoa
div va mod. O thtr ba va thtr tw danh cho cac danh biéu count va i.

Doan ma (ngén ngir gia) cho b phén tich tir vung duge dung dé xir 1y cac danh
biéu nhu sau. N6 xtr 1y khoang tring va hing sé nguyén ciing giéng nhu thi tuc d3 noi
& phan trude. Khi bo phan tich tir vung doc vao mét chur cai, no bat dau luu cac chir
cai va chir sd vao trong ving dém lexbuf. Chudi duoc tip hop trong lexbuf sau d6
dugc tim trong mang symtable cta bang ky hiéu bang cach dung ham lookup. Boi vi
bang ky hiéu di duoc khdi tao v6i 2 6 cho div va mod (hinh 2.14) nén né s& tim thay
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tri tir vung nay néu lexbuf c6 chira div hay mod, nguoc lai néu khong c6 6 cho chudi
dang chua trong lexbuf thi ham lookup s¢ tra vé 0 va do do ham insert duoc goi dé
tao ra mot 6 moi trong symtable va p 1a chi sO cua 6 trong bang ky hi¢u cua chudi
trong lexbuf. Chi s6 nay dugc truyén t6i bod phan tich cu phap bang cach dit tokenval
= p va token niam trong trudng token dugc tra vé.
Két qua mac nhién 13 tra vé s nguyén ma hoa cho ky ty ding 1am token.
Function lexan: integer;

var lexbuf: array[0..100] of char;

c: char
begin
loop begin

doc mot ky tu vao c;
if ¢ 1a mot ky tu tréng blank hodc ky tu tab then
khong thuc hién diéu gi ;
else if cla ky ty newline then
lineno = lineno + 1
else if cla motky tysd then
begin
dit tokenval 1a gid tri cua ky sd nay va cac ky sb theo sau;
return NUM;
end
else if ¢ la mot chir cai  then
begin
dat c va cac ky tu, ky s6 theo sau vao lexbuf;
p = lookup (lexbuf);
if p=0 then p:=insert (lexbuf, id);
tokenval := p;
return truong token ctua 6 ¢6 chi muc p;
end
else
begin /* token la mot ky tu don */
dat tokenval 1a NONE; /* khong c6 thudce tinh */
return s6 nguyén ma hoa cua ky tu c;
end;

end;
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end;

VII. MAY AO KIEU STACK

Ta da biét rang két qua cia giai doan phan tich 1a mot biéu dién trung gian cta
chuong trinh nguén ma giai doan tong hop st dung n6d dé phat sinh ma dich. Mot dang
phd bién cua biéu dién trung gian 1a ma cua mot may do ki€u Stack (abstact stack
machine - ASM).

Trong phan ndy, chung ta s& trinh bay khai quat vé mot may ao kiéu Stack va chi
ra cach sinh ma chuong trinh cho n6. May 4o nay bao gom 3 thanh phan:

1. Ving nhé chi thi (instructions): 1 noi chtta cac chi thi. Cac chi thi nay réat
han ché va dugc chia thanh 3 nhom chinh: nhém chi thi s6 hoc trén s6 nguyén, nhém
chi thi thao tac trén Stack va nhoém chi thi di€u khién trinh tu.

2. Vung Stack: 1a not1 thyc hién céac chi thi trén cac phép toan s6 hoc.

3. Vung nh¢ dir li¢u (data): 1a noi luu trir riéng céc dir licu.

Hinh sau ddy minh hoa cho nguyén tic thuc hién cua dang may nay, con trd pc
(program counter) chi ra chi thi dang chd dé thuc hién ti€p theo. Cac gia tri dung trong
qué trinh tinh todn dugc nap vao dinh Stack. Sau khi tinh todn xong, két qua dugc luu
tai dinh Stack.

INSTRUCTIONS STACK DATA
1 |push5 16 0 1
2 |rvalue 2 7 11 2
3 + top g 7 3
4 |rvalue3 4
5 %k
— pc
6

Hinh 2.15 - Minh hoa hinh anh mét may do kiéu Stack

Viduy 2.15: Biéu thl’lc (5+Db)*cvoib=11, c=7s€ dugc thuc hién trén Stack dudi
dang biéu thuc hauto 5b +c *.

1. Cac chi thi s6 hoc

May 4o phai cai dit mdi toan tir bang mdt ngdn ngit trung gian Khi gip céac chi thi
s6 hoc don gian, may sé& thuc hién phép toan twong Gng voi hai gia tri trén dinh Stack,
két qua cling duoc luu vao dinh STACK. Mot phép toan phirc tap hon c6 thé can phai
dugc cai dat nhu mot loat chi thi cia may.

Mi chuong trinh may a0 cho mot biéu thirc s6 hoc s& md phong hanh dong ude
lugng dang héu t6 cho biéu thirc d6 béng cach st dung Stack. Viéc ude luong dugce
tién hanh bang cach xtr 1y chudi hau tb tir trai sang phai, day moi toan hang vao Stack
khi gap n6. V6i mot toan tir k - ngoi, dbi s6 can trai cua né nam & (k -1) vi tri bén duéi
dinh Stack va ddi sb can phai ndm tai dinh. Hanh dong u6c luong ap dung toan tir cho
k gia tri trén dinh cua Stack, léy toan hang ra va dat két qua tr¢ lai vao Stack.
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Trong ngdn nglr trung gian, moi gia tri déu 1a sd nguyén; so 0 twong Ung voi false
va cac sb khac 0 tuong g voi true. Toan tir logic and va or can phai c6 ca 2 ddi sb.

2. Chi thi L- value va R-value

Ta can phan biét y nghia cua cac danh biéu & vé trai va vé phai cia mgt phép gan.
Trong moi phép gan sau :

1:=5;
1:=1+1;
vé phai xac dinh mét gia tri nguyén, con vé trai xac dinh noi gia tri dugc luu. Tuong
tu, n€u p va q la nhitng con tré dén cac ky tu dang :

pTi=qT

thi vé phai qT xac dinh mét ky tu, con pT xac dinh vi tri ky tu duoc luu. Cac thuét
ngtr L-value (gia tri trai) va R-value (gia tri phai) mudn ndi d&én cac gia tri thich hop
tuorng mg & vé trai va vé phai ctia mot phép gan. Nghia 14, R-value c6 thé dugc xem la
‘gia tr1i’ con L-value chinh la cac dia chi.

L-value 1: Déy ndi dung & vi tri dit liéu | vao Stack
R-value 1: Déy dia chi cua vi tri dir li€u 1 vao Stack
3. Cac chi thi thao tac trén STACK

Bén canh nhitng chi thi cho thao tac ddy mot hang sé nguyén vao Stack va ldy mot
gid tri ra khoi dinh Stack, con c6 mdt s6 chi thi truy xuat vung nhé dir liéu nhu sau:

push v - Pay gia tri v vao dinh Stack (top := top +1)
pop : LAy gi4 tri ra khoi dinh Stack (top := top +1)
= : R-value trén dinh Stack dugc luu vao L-value ngay bén dudi nd

va lay ca hai ra khoi Stack (top := top -2)
copy : Sao chép gia tri tai dinh Stack (top := top +1)
4. Dich cac biéu thirc

Doan ma chuong trinh dung dé uéc luong mot biéu thic trén mot may ao kiéu
Stack c6 1ién quan mat thiét vdi ky phap hau t6 cho bi€u thic do.

Vi du 2.16: Dich phép gan sau thanh ma may 4o kiéu Stack:
day := (1461 *y)div4 + (153 * m +2) div5 +d

Ky phap hau t6 ciia biéu thirc nhu sau
day 1461 y *4 divI53m*2+5div+d+:=

Poan ma may co6 dang :

L-value day push 2
push 1461 +

R-value y push 5
* div

push 4 +
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div R-value d

push 153 +
R- value m =
%

5. Cac chi thi diéu khién trinh ty

May ao kiéu Stack thuc hién cac chi thi theo ding thtr tu liét ké trir khi duge yéu
cau thuc hién khac di bang cac cau I¢énh nhay c6 diéu kién hodc khong diéu kién. Co
mot sO cac tuy chon dung dé mo ta cac dich nhay :

1. Toan hang lam chi thi cho biét vi tri dich.

2. Toan hang lam chi thi mo ta khoang cach twong d6i can nhay theo chiéu t6i
hoac lui.

3. Pich nhay dén duoc mo ta bang cac ky hiéu tugng trung goi 1a céc nhan.

Mot s6 chi thi diéu khién trinh ty cho may 1a :

lable 1 : Gan dich cua cac 1énh nhay dén 13 1, khong c6 tac dung khac.
goto 1 : Chi thi tiép theo duoc lay tir cdu 1énh c6 lable 1 .
gofalse 1 : Lay gia tri trén dinh Stack ra, néu gia tri 1a 0 thi nhay dén 1,

nguoc lai, thuyc hién 1énh ké tiép.

gotrue 1 : L4y gia tri trén dinh Stack ra, néu gia tri khac 0 thi nhay dén 1,
nguoc lai, thuc hién Iénh ké tiép.

halt : Ngung thuc hién chuong trinh.
6. Dich cac ciu Iénh

So d6 phéac thao doan ma may 4o cho mdt s6 1énh cau truc dugc chi ra trong hinh
sau:

IF expr THEN stmt WHILE expr DO stmt
Code for expr Label test
Gofalse out Code for expr
Code for stmt 1 Gofalse out
Lable out Code for stmt 1
Goto test
Lable out

Hinh 2.16 - So' @6 doan md cho mét sé lénh cau tric

Xét so d6 doan ma cho cau 1énh If . Gia sir ré“mg newlable 1a mot thi tuc tra vé mot
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nhan méi cho mdi 1an goi. Trong hanh vi ngit nghia sau ddy, nhin dugc tra vé boi mot
161 goi dén newlabel duoc ghi lai bang cach dung mot bién cuc bd out :

stmt — if expr then stmtl { out := newlable;
stmt.t ;= expr.t ||
¢ gofalse’ out ||
stmtl.t |
¢ lable’ out }

Thay vi in ra c4c cau Iénh, ta co thé sur dung thu tuc emit dé che dau cac chi tiét in.
Chang han nhu emit phai xem xét xem moi chi thi may 4o c6 can nam trén mot hang
riéng biét hay khong. St dung thu tuc emit, ta c6 thé viét lai nhu sau :

stmt — if
expr { out ;= newlable; emit (‘ gofalse ’, out); }
then
stmt] { emit (‘ lable’, out); }

Khi mot hanh vi ngir nghia xuat hién bén trong mot luat sinh, ta xét cac phﬁn tor &
v€ phai cua luat sinh theo thir tu tir trdi sang phai. Poan ma (ngon ngit gid) cho phép
dich phép gén va cau 1énh diéu kién If tuong img nhu sau :

procedure stmt;

var test, out: integer; /* dung cho cac nhan */
begin
if lookahead =1id then
begin
emit (‘Ivalue’, tokenval); match (id); match (“:=%); expr;
end
else if lookahead = ‘if” then
begin
match (‘if’); expr; out :=newlable;
emit (‘gofalse’, out); match(‘then’); stmt;
emit (‘lable’, out);
end
/* doan ma cho cac Iénh con la1 */
else error;
end;
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VIII. KET NOI CAC KY THUAT

Trong cac phan trén, chung ta da trinh bay mot sé k¥ thuat phién dich truc tiép ct
phap dé xay dung ky dau cua trinh bién dich. Phan nay sé& thyc hién viéc ket nbi chiung
lai bang cach gio1 thieu mot chuong trinh C ¢6 chire nang dich trung t6 - hau t6 cho
mét ngdn ngir gobm day cac biéu thirc két thuc bang cac ddu chim phay. Céc biéu thirc
gom c6 cac sd, danh b1eu cac toan tr +, -, *, /, div va mod. Output cho chuong trinh la
dang biéu dién hau t cho mdi biéu thuc.

1. M6 ta chwong trinh dich

Chuong trinh dich duoc thiét ké bang cach dung luoc do dich truc tiép ¢t phap co
dang nhu sau :

start — list eof

list — expr ; list

| €

expr — expr + term {print (‘+°) }
| expr - term { print (*-’) }
| term

term — term * factor {print (‘* ) }
| term / factor { print (/) }
| term div factor  { print (‘DIV’) }
| term mod factor { print (‘MOD’) }
| factor
factor > (expr)
|id { print (id.lexeme) }
| num { print (num.value) }

Trong d6, token id biéu dién mot diy khong rong gom céc chit cai va ky sb bat
dau bang mot chit cai, num 13 diy ky so, eof 1a ky tu cudi tap tin (end - of - file). Cac
token dugc phan cach béi mot day ky tu blank, tab va newline - goi chung la cac
khoang tring (white space). Thudc tinh lexeme cua token id 1a chudi ky tu tao ra token
do, thudc tinh value ciia token num chira sé nguyén dugc biéu dién bai num.

Doan ma cho chuong trinh dich bao gém 7 tha tuc, mdi thu tuc dugc luu trong mot
tap tin riéng. Diém bit dau thyc thi chuwong trinh ndm trong tha tuc chinh main.c gdm
c6 mot 101 goi dén init( ) dé khai gan, theo sau 1a mot 11 goi dén parse( ) dé dich. Cac
thu tuc con lai dugc mo ta téng quan nhu hinh sau:
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Biéu thuc trung t6

1nit.c l
lexer.c
/ v

symbol.c parser.c error.c

\ J,'
emitter.c

Biéu thuc hau to

Hinh 2.17 - So' d6 cdc thii tuc cho chwong trinh dich biéu thirc

Trudc khi trinh bay doan ma I¢nh cho chuong trinh dich, ching ta mé ta so lugc
ting thu tuc va cach xay dung chiing.

Thu tuc phan tich tir vung lexer.c

Bo phan tich tir vung 1a mot thu tuc c6 tén lexan( ) dugc goi tir bd phan tich cu
phap khi can tim cac token. Thu tuc nay doc ting kY tu trong dong nhap, tra vé token
vira xac dinh dugc cho bo phan tich ca phap. Gia tri cia cac thudc tinh di kém véi
token duoc gan cho bién toan cuc tokenval. B phan tich cti phap c6 thé nhan dugc cac
tokensau:+ - * / DIV MOD ( ) ID NUM DONE

Tri tir vaeng Token Gia tri thugc tinh
Khoang trang
Chudi céc chir sb NUM Gia tri s6
Div DIV
Mod MOD
Chudi m¢ dau 1a chir cai, theo ID Chi s trong symtable
sau la chir cai hoac chir sO
Ky tur cudi tap tin - eof DONE
Céc ky tu khéc Ky tu tuong tng | NONE

Trong d6 ID biéu dién cho mot danh biéu, NUM biéu dién cho mot sé va DONE 1a
ky tu cudi tip tin eof. Cac khoang tring d3 duoc loai bo. Bang sau trinh bay cac token
va gia tri thudc tinh duoc sinh ra boi b phan tich tir vung cho mdi token trong chuong
trinh ngudn.

Thi tuc phan tich ci phap parser.c

B¢ phén tich ct phap dugc xay dung theo phuong phap phan tich dé quy gcuéng.
Trudce tién, ta loai bd dé quy trai ra khoi lugc gié dich bang cach thém vao 2 bién mdi
R1 cho expr va R2 cho factor, thu dugc Iugc dé dich méi nhu sau:

start — list eof
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list — expr; list
| e
expr — term Rl
Rl —>+term {print(‘+’)} Rl
| -term {print(‘-")} Rl
| €
term — factor R2
R2 — * factor {print(‘*’)} R2
| / factor {print(‘/’)} R2
| DIV factor { print (‘DIV’)} R2
| MOD factor { print (‘MOD’) }R2
| €
factor > (expr)
| id  { print (id.lexeme) }
| num { print (num.value) }

Sau d6, chiing ta xdy dung cac ham cho cac ky hiéu chua két thuc expr, term va
Jactor. Ham parse( ) cai dat ky hiéu bat dau start cia van pham, nd goi lexan mdi khi
can mot token moi. B phén tich ¢t phap ¢ giai doan nay s dung ham emit dé sinh ra
két qua va ham error dé ghi nhan mot 16i cu phap.

Thii tuc két xuat emitter.c

Thi tuc ndy chi c6 mdt ham emit (t, tval) sinh ra két qua cho token ¢ véi gia tri
thudc tinh tval.
Thi tuc quan ly bang ky hi¢u symbol.c va khéi tao init.c

Thi tuc symbol.c cai dit cau trac dir lidu cho bang danh biéu. Cac 6 trong méang
symtable 1a cac cap gobm mot con tré chi dén mang lexemes va mot s6 nguyén bicu thi
cho token duoc luu tai vi tri d6.

Thu tyc init.c dugc dung dé khoi gan cac tir khoa vao bang danh biéu. Biéu dién
tri tr vung va token cho tat ca cac tur khoa dugc luu trong mang keywords cung ki¢u
voi mang symtable. Ham init( ) duyét lan lugt qua mang keyword, st dung ham insert
dé dat cac tir khoa vao bang danh biéu.

Thi tuc 16i error.c

Thi tuc nay quéan 1y cac ghi nhan 15i va hét sirc can thiét. Khi gap mot 16i ¢t phép,
trinh bién dich in ra mot thong bdo cho biét rang mdt 161 da xay ra trén dong nhap hién
hanh va dung lai. Mgt ky thuat khac phuc 161 tot hon c6 thé s€ nhdy qua dau cham
phay ké ti€p va ti€p tuc phan tich cau 1énh sau do.
2. Cai dat chwong trinh ngu("in

Chuong trinh ngudn C cai dit chuong trinh dich trén.
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[ FHEE global.h
# include <stdio.h>

# include <ctype.h>

# define BSIZE 128
#define NONE -1
# define EOS "\NO'
# define NUM 256
# define DIV 257
# define MOD 258
# define 1D 259
# define DONE 260
int  tokenval;

nt lineno;

struct entry {
char * lexptr;
nt token;

}

struct entry symtable][ ]

[ FEE% lexer.c

# include "global.h"

char lexbuf [BSIZE]
it lineno = 1;
int tokenval = NONE;

int lexan ()

{ .
it t;
while(1) {
t = getchar ();

if (t==""][t=="\) ;

*****************************************/

/* tai cac tha tuc xudt nhap */
/* tai céac thu tuc kiém tra ky tu */

/* buffer size kich thudc vung dém */

/* gia tri cua thudcii tinh token */

/* khudn dang cho 6 trong bang ky hi¢u*/

/* bang ky higu*/

*****************************************/

/* bo phan tich tir vung */

/* x6a cac khoang tring */

else if (t=="°\n")
lineno = lineno + 1;

else if (isdigit (t)) {

/* t1a mot ky s6 */

ungetc (t, stdin);
scanf (" %d", & tokenval);
return NUM;

}

else if (isalpha(t)) {

/* t la mot chir cai */
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int p, b=0; )
while (isalnum (t) ) {  /* t thudc loai chir - s6 */

lexbuf[b] = t;
t = getchar ();
b=b+1;

if (b>=BSIZE)
error("compiler error");

}
lexbuf[b] = EOS;
if (t!=EOF)

ungetc (t, stdin);
p = lookup (Iexbuf);

if (p==0)
p = insert (lexbuf, ID)
tokenval = p;

return symtable[p].token;
¥
else if (t==EOF) {

return DONE;

else {
tokenval = NONE;
return t;
/**** parser.c FThAXTdLbddbbdbbdbbddrbdhbddrbdrbdbb bt dx /

# include "global.h"
int lookahead;

parse () /* phan tich ct phap va dich danh sach biéu thuc */
{

lookahead = lexan ( );
while (lookahead ! = DONE) {
expr( ) ; match (‘3 ’);

j
}
expr ()
{ .
int t;
term ( );
while(1)
switch (lookahead) {

' '

case '+': case '-':
t = lookahead;
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match (lookahead); term (); emit (t, NONE);

continue;
default :
return;
}
}
term ()
{ .
int t;
factor ();
while(1)
switch (lookahead) {
case '*': case '/': case 'DIV': case 'MOD':
t = lookahead;
match (lookahead); factor (); emit (t, NONE);
continue;
default :
return;
}
h
factor ()
{
switch (lookahead) {
case '(':
match (' ('); expr(); match(')");  break;
case NUM :
emit (NUM, tokenval) ; match (' NUM');  break;
case ID :
emit (ID, tokenval) ; match ("ID'");  break;
default :
error ( "syntax error");
h
h
match (t)
int t;
{
if (lookahead ==t)
lookahead = lexan( );
else error ("syntax error");
}
/ ke emitter.c dkkk kbbb h bbb bbb dh bbb h bbb bbbk bbbk ddt /

# include "global.h"



emit (t, tval)

{

}

/****

int t, tval;

switch (t) {

/* tao ra két qua */

case '+': case '-': case '*': case '/':
printf (" %c \n", t); break;

case DIV :
printf (" DIV \n", t); break;

case MOD:

printf (" MOD \n", t); break;

case NUM :

printf (" %d \n", tval ); break;

case ID:

printf (" %s \n", symtable [tval]. lexptr); break;

default :

printf (" token %d , tokenval %d \n ", t, tval);

symbol.c

# include "global.h"

# define STRMAX
# define SYMMAX

char lexemes [STRMAX];

nt
struct
int

int

{

int

lastchar = -1

*****************************************/

999 /* kich thudc mang lexemes */
100 /* kich thudc mang symtable */

/* vi tri dugc dung cudi cung trong lexemes */

entry symtable [SYMMAX];

lastentry = 0

lookup (s)
char s[];

int  p;

/* vi tri duge dung cubi cung trong symtable */

/* tra vé vi tri cia 6 cho s */

for (p =lastentry; p>0; p=p-1)
if (strcmp (symtable[p].lexptr, s ) == 0)
return p;

return 0;

insert (s, tok)

char s[];
int  tok;
nt len;

len = strlen (s)

/* trd vé vi tri cua 6 cho s */

/* strlen tinh chiéu dai cua s */
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if (lastentry + 1>= SYMMAX)
error ("symbol table full");
if (lastchar+len +1 >= SYMMAX)
error ("lexemes array full");
lastentry = lastentry + 1;
symable [lastentry].token = tok;
symable [lastentry].lexptr = &lexemes [lastchar + 1];
lastchar = lastchar +len + 1;
strcpy (symable [lastentry].lexptr, s);
return lastentry;

}

/ kkkk init C ER SR R R R R S R R SR S R R R R R R R R R R R R R R R R R R S R R R S T R R /

# include "global.h"

struct entry keyword [ ]= {

"div", DIV
"mod", MOD
0, 0
j
it () /* dua céc tir khoa vao symtable */
{
struct entry *p;
for (p = keywords; p — token; p ++)
if (stremp (symtable[p].lexptr, s ) == 0)
insert (p — lexptr, p — token) ;
}
/ LR error.c B R R S S T S R R R R R R R R R TR R R R R R R R /

# include "global.h"
eeror (m) /* sinh ra tit ca cac thong bao 15i * /

char * m;

{
fprintf (stderr, " line % d : % s \n, lineno, m)
exit (1) /* ket thiic khong thainh cong * /

/ xkkx main.c E R R R R R R SR T R SR SR R R R SR R R R R R R R T R SR R S R R /

# include "global.h"

main ()

{
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it ();
parse ( ); )
exit (0); /* ket thic thainh cong * /

/ LR R R R L R R R R R R R R R SR SR R R R S R R R S R R R R S R R R R R R R R S R R R R R R R R T R R R R R S R R R /
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BAI TAP CHUONG II

2.1. Cho van pham phi ngit canh sau:
S—>SS+|SS*|a
a) Viét cac luat sinh din ra cAu nhdp: aa+a*
b) Xay dung mdt cay phan tich c phap cho cau nhap trén?

¢) Van pham nay sinh ra ngdn ngit gi? Giai thich cau tra 101.

2.2. Ngon ngit gi sinh ra tir cac vin pham sau? Vin pham nao 13 vin pham mo hd?
a) S—>0S1/01
b) S—> +SS|-SS|a
c) S>S(S)S|e
d) S>aSbS|bSaS|e
e) S—> a|S+S|SS|S*|(S)

2.3. Xay dung van pham phi ngit canh don nghia cho cic ngon ngir sau day:
a) Cac biéu thuc sé hoc duédi dang hau td.
b) Danh sach danh biéu c6 tinh két hop trai duoc phan cach bai dau phay.
¢) Danh sach danh biéu c6 tinh két hop phai dugc phan cach boi dau phay.

d) Cac biéu thtc s6 hoc ciia s6 nguyén va danh biéu vdi 4 phép toan hai ngoi :
+.-,%, /.

2.4. Viét chi thi may 40 kiéu Stack cho qua trinh dich cac biéu thirc sau sang dang
hau té:

a) t:=(amodb)* 1998 - (2000 * ¢ +100 ) div 4 +1999
b) t:=amodc,+ (by-156*dy)div7/3
¢) y:=x+100z"t

2.5. Xé}y dung luoc dd Siich truc tiép cu phap dé dich mét biéu thirc sd hoc tur dang
trung t6 sang dang hau t6 ( cho cac phép toan 2 ngoi ).

a) Xay dung chuong trinh d6i ma hau t6 sang ma may 4o kiéu Stack .

b) Viét chuong trinh thuc thi ma may ao .
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2.6. Yéu cau nhu bai 5 cho biéu thirc s6 hoc & dang hau t6 sang dang trung tb.

2.7. Xay dung mot luoc dd dich truc tiép cu phap dé xac dinh rang cac dau ngoic
trong mot chuoi nhap la can bang.

2.8. Xay dyng luoc d6 dich truc tiép ch phap dé dich phat biéu FOR cua ngon ngir C
c6 dang nhu sau: FOR (‘expl; exp2; exp3) Stmt sang dang ma may do ki€u Stack.
Viét chuong trinh thuc thi m3 may a0 kiéu Stack .

2.9. Xét doan van pham sau day cho cac cau 1énh if-then va if-then-else:
Stmt — 1f expr then stmt
| if expr then stmt else stmt
| other
a) Chtng t6 vin pham nay 13 vin pham mo hd.

b) Xay dung mot van pham khong mo ho tuong duong voi quy tic: mdi else
chua dugc két hop s€ dugc két hgp vai then chua két hop gan nhat trude do.

¢) Xay dyng mét luge do dich tryc tiép ca phap dé dich cac cau 1énh diéu kién
thanh ma may 4o kiéu Stack.

2.10. Xay dyng lugc d6 dich tryc tiép cu phap dé dich cac phat biéu ctia ngdn ngir
PASCAL c6 dang nhu sau sang dang ma may ao ki€u Stack. Viét chuong trinh thyc
thi ma may 4o kiéu Stack:

a) REPEAT Stmt UNTIL expr

b) IF expr THEN Stmt ELSE Stmt

c) WHILE expr DO Stmt

d) FOR i := exprl downto expr2 DO Stmt
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