CHUONG 2

TRINH BIEN DICH PON GIAN

2.1. Tong quat

Chudi ky t | B¢ phan tich
tow vung

Chudi token| Bg bign dich tryc

Hinh 2.1. Cédu triic trinh bién dich “front end”

2.2. Pinh nghia cua phap

ti€p cu phdp

Ma trung gian

Vin pham phi ngit canh (PNC) dudc dinh nghia:
G2=(V,V,S,P)

P: A->oa|a, |..]a

n

Thi du 2.1. Cho vin pham G:
P: list — list + digit
| list — digit

| digit

digit — 0|12 ..[9



Thi du 2.2. Vin pham miéu t3 phat bi€u hdn hgp begin end clia Pascal
P : block — begin opt_stmts end
opt_stmts — stmt_list |€
stmt_list — stmt_list ; stmt | stmt
- Cay phin tich
Su khong tuong minh
Thi du 2.3. Vian pham G sau day la khong tudng minh:
P : string — string + string | string — string |0 | 1 |... |9
Cau 9-5+ 2 cho haicay phén tich:

string string
N N
string ~ + string string -~ string
LN N
strl‘ng i, str‘mg 2 9 str‘mg + strl‘ng
9 2) 5 5 b) 2

Hinh 2.2 Hai cdy phdn tich cua cdu 9 — 5 + 2



Su két hop cua cdc todn tit
Mitc wu tién cua cdc todn tu: * va / ¢6 muc uu ti€n hon +, - . Dua vao
nguyén tic trén ching ta xay dung ct phdp cho bi€u thic sd hoc:
exp — exp+term| exp— term | term
term — term * factor| term / factor | factor
factor — digit|(exp)
Luu y: phép todn lily thira va phép gdn trong C 1a phép todn két hdp
phai. Van pham cho phép gan nhu sau:
right — letter =right| letter
letter — a|b| ..|z

2.3. Su bién dich truc tiép ci phap (Syntax-Directed Translation)
1. Ky hiéu hdu to

1) N€u E 12 bién hodc hing so thi ky hiéu hdu t6 cda E chinh 12 E.
2) Néu E 12 bi€u thic c¢6 dang E, op E, v6i op 1a todn t hai ngdi thi
ky hiéu hau t6 ctia E1a E,” E,” op.

3) Néu E 1a bi€u thic ¢6 dang (E,) thi ky hiéu hau t6 clia E, ciing 1a
ky hiéu hau to cua E.



Luu y: Khong can cé ddu déng, mé ngoic trong ky hiéu hiu t6.

2. Dinh nghia truc tiép ci phdp (Syntax-directed definition)

Vin pham phi ngit cdnh va tip ludt ngit nghia s€ thi€t 14p dinh nghia
tryc ti€p ci phdp. Bién dich 12 phép danh xa tir nhap — xuit. Dang
xudt ctia chudi nhip x dudc xdc dinh nhu sau:

1. Xay dung ciy phan tich cho chudi x.

2. Gia su nut n cua cidy phan tich c6 tén cu phap X, X.a la tri thudc
tinh a cua X, dudc tinh nhd luat ngit nghia. Cay phan tich c¢6 chi thich
céc tri thudc tinh & moi nit dudc goi 12 ciy phan tich chi thich

Tong hop thudc tinh (synthesized attributes)

Thi du 2.4. Cho vian pham G c¢6 tip luit sinh P:

Tap luit sinh Tap luat ngr nghia
exp — exp + term exp.t ;= exp.t|| term.t || ‘+’
exp — exp-— term exp.t ;:=exp.t|| term.t || -
exp — term exp.t ;:=term.t
term — 0 term.t ::= 0’
term — 9 term.t ;= ‘9’




exp.t :=95-2+

/ \

exp.t :=95 - termt ::=2
/ \
exp.t::=9 termt.t ::= 5
termt ::= 9
9 _ 5 + 2

Hinh 2.3. Cady phdn tich chi thich cho dinh nghia truc tiép cu phdp
Lugc do dich

Ludc d6 dich 12 vin pham PNC, trong d6 cdc doan chuong trinh goi 1a
hanh vi ngit nghid dudc nhiing vao v€ phdi cua luit sinh.
Thi du 2.5. Lugc do dich ctia vin pham G:



Tap ludt sinh
exXp — exp + term
exXp — exp — term
exXp — term
term — O

ooooooo

term — 9

exp

/\\

term

5

9 {print (‘9°)}

Tap luidt nglt nghia
exp — exp+term { print (‘+°)}
exp — exp-— term {print (*-’)}
exp — term
term — O {print (‘0’)}

term — 9 {print {‘9’)}

- term {prmt (-9}

{print (‘2°)}
{print (‘5°%)}

Hinh 2.4. Luoc do dich ciia cGu 9 -5 + 2



Mo phong 2.1. Gidi thudt depth- first traversals ciia cdy phan tich
Procedure visit (n: node);,
begin
for véi moi con m ciia n, tw trdi sang phdi do
visit (m);
tinh tri ngit nghid tai nit n
end;

2.4. Phan tich ca phap

1. Phén tich cu phdp tit trén xudng

Thi du 2.6. Cho vin pham G:
type — simple 1 id | array [ simple] of type
simple — integer ‘ char ‘ num dotdot num

Hay x4y dung cay phan tich cho cau:
array [num dotdot num] of integer



Hinh 2.6.Cdc
budc xdy dung
cay phdan tich
theo phuong
phdp tu trén
xuong cho cdu:
array
[numdotdot
num] of integer

d)

type

type
N
array [simple] of type
type
i e
array [simple] of type
T
num  dotdot num
type
I
array [simple]\of type
T |
num dotdot num simple
type
i e
array [simple] of type
T
num dotdot num simple

integer



2. Su phdn tich cu phap dodan nhdn truoc

Dang dic biét cia phan tich cd phédp ti trén xudng 1a phuong phap
dodn nhan trudc. Phuong phdp nay s& nhin truéc mot ky hiéu nhap dé
quyét dinh chon thd tuc cho ky hi€u khong k€t thic tuong Gng.

Thi du 2.8. Cho vdan pham G: P: S —» xA A— z|yA
Dung vin pham G dé phan tich cAu nhap xyyz
Bang 2.1. Cdc budc phdn tich ci phdp ciia cdu xyyz

Luat 4p dung Chudi nhap
S Xyyz
XA XyyZ
yA yyz
A yZ
yA yZ
A zZ
z z




Thi du 2.9. Cho vdn pham vd&i cdc ludt sinh nhu sau :
S—> A|B A—->xA|ly B—-> xB]|z

Bang 2.2. Phdn tich cii phdp cho cdu xxxz khéng thanh cong

Luat ap dung Chudi nhap

S XXXZ

A XXXZ
XA XXXZ

A XXZ
XA XXZ

A XZ
XA XZ

A zZ




-Dieukienl: A >E& & ... |E,
- Dinh nghia:
first (§) = {s| s 1a ky hiéu két thic va & = s...}
Piéu kién 1 dugc phat bi€u nhu sau :
A= &Gl |&,
first (&) M first (§) = & v6i 1# j
Luuy: 1. first (ag) = {a}
2.NEu A -0, |a,]..|a;thi
first (Ag) = first (o) U first (a,) ... U first (o)
Thi du 2.11. Cho vin pham G c6 tap luat sinh:
S—>Ax A —x|e véielachudirong
Bang 2.3. Phdn tich cdu nhdp : x

Luat Chudi nhap
A X
XX X
X -




Sy phan tich that bai
- Piéu kién 2: first (A) N follow (A) =
VO1 A =G |G| |G, € 5
Follow (A) dugc tinh nhu sau: V61 moi ludt sinh P, c6 dang
X — EAn thi follow (A) la first (n ).
O thi du 2.11 first (A) N follow (A) = {x}
Luu y vin pham cé dé quy trdi sé vi pham di€u kién 1. Thi du:
A —>B|AB (2.1)
Vay first (A) = first (B) ; first (AB) = first (A) = first (B).
first (B) N first (AB) # & vi pham diéu kién 1.
N&u stra luat (2.1) thAnh A — € | AB thi s& vi pham diéu kién 2.

Thi du 2.12. Cho vin pham nhu 6 thi du 2.6, chiing ta dung phuong
phédp phan tich dodn nhin trudc d€ phan tich cAu array[num dot dot
num] of integer (tu xem o trang 41).

Cac thu tuc dudc goi khi sinh cay phan tich cho cac cau thudc vin
pham & thidu 2.12.



2.5. Trinh bién dich cho biéu thifc don gian
Thi du: exp —exp+term {print (‘+’)} (2.5)
exp — exp-— term {print (*-’)}
exXp — term
term — O {print (‘0’}
term — 9 {print (‘9’}
Loai bo dé quy trai:
exXp — termrest
exp.t ;:=term.t || rest.t
rest - + exp
rest.t ::=exp.t| ‘+
rest - - exp
rest.t ::= exp.t|| -’
rest —» €
term — 0
term.t ::= ‘0’
rest — e

9



term — 0

term.t ::= ‘0’

term — 9

term.t ::= ‘9’
Vin pham nay khong pht hdp cho bién dich truc ti€p cd phap.
Lugc do dich:

exp — exp + term {print (‘+°)}

exp — exp —term {print (*-")}

exXp — term

term — O {print (‘0’)}

Loai b dé quy trdi cho lugc do dich:
exp — term rest
rest— + term {print (‘+’)} | - term {print (*-’)} | €
term — O {print (‘0’) }

term — 9 {print (‘9°)}



Cay phdn tich chu thich cho cdu: 9-5 = 2 0 tr.44
Chuong trinh bién dich biéu thiic tir dang trung t6 sang dang hdu t6:
procedure exp;
procedure match ( t: token );
begin if lookahead =t then
lookahead := nexttoken
else error
end;
procedure term ;
begin
if lookahead = num then begin
write ( num);
match (lookahead);
end
else error
end;
procedure rest;
begin



if lookahead = * +° then begin
match (‘+°); term;

write (‘+’);
end
else if lookahead = ‘-’ then
begin
match (‘-7); term; write(*-");
end;
end;
begin
term; rest;
end;

T6T wu trinh bién dich:
DPE€ ting tdc dod bién dich ta thuc hién gd dé quy cia thi tuc rest:
procedure exp;
procedure term;
begin



end;

begin
term;
repeat
if lookahead = ‘+’ then
begin
match (‘+7); term; write(‘+’);
end
else if lookahead = *-’ then
begin
match(‘-"); term; write(*-’)
end;

until (lookahead <> ‘+’) and (lookahead < > ‘-’);
end;



Hoan chinh chuong trinh:
Chuong trinh nay bao gom cé chuong trinh doc chudi nhap.
procedure exp;
procedure match (t : char);

begin
if lookahead =t then lookahead :=readln (¢);
else error
end;
procedure term;
begin
val (1,]Jookahead,e);
if ¢ =0 then begin
write (1);
match (lookahead );
end
else error;
end;{term}

begin



term;
repeat
if lookahead = ‘+’ then
begin
match (‘+7); term; write(‘+’);
end
else if lookahead = °-> then
begin
match (°-7); term; write(‘-’);
end;
until (lookahead <> ‘+’ ) and (lookahead < > *-’);
end; {exp }
begin
readln( ¢);
lookahead :=c;
exp;
end;



2.6. Sy phan tich tu vung

1. Loai bd khodng tring va chi thich
2. Nhin biét cdc hing

3. Nhan bi€t danh bi€u va tir khéa

Giao ti€p v6i bo phan tich ti vung

1| f alb|>|=(0]|. |t >|=10 t|.. > =0
if ab> ab>

Hinh 2.10. Nhdn dang token cia bo phan tich tix vung



2.7. Su hinh thanh bang danh biéu

1. Giao tiép vdi bang danh biéu

Hai thao tic v6i bdng danh biéu: insert (s,t) va lookup (s).
2. Luu giii tw khoa

3. Hién thuc bdang danh biéu

Bing danh bi€u gdm cé bing symtable va diy lexemes.

Bang symtable
lexptr token cac thudc tinh khac
0
1 div
2 5 mod
3 9 id
4 15 id




Day lexemes

d|1|Vv|EOS m|o|d|EOS|c|lo|u|n|t]|EOS| 1| EOS

Hinh 2.11. Bdng danh biéu
Mo phong 2.2. Gidi thudt phdn tich ti ving
Procedure lexan;
var lexbuf array [0..100] of char;
c : char; ngung : boolean;
begin
repeat
read (c ); ngung := true;
if (c =blank ) or (c =tab) then ngung := false
else if ¢ =newline then begin line :=lineno + 1
ngung := false;
end
else if c 1a chif s6 then



begin
val (1, c, e);
tokenval := 0;
while ¢ = 0 do begin
tokenval := tokenval * 10 + 1;
read (c¢);
val (1, c, e);
end;
typetoken := num;
end {12 s0}
else if c la chir then begin
p:=0;b:=0;
while c 12 chit hoic so do
begin lexbuf [b] :=c;

read (c);



b:=b+ 1;
if b => b_size then error
end; /* b size 1a kich thudc t61 da cta lexbuf*/
lexbuf [b] := eos;
p := lookup (lexbuf);
if p=0 then
p = mnsert (lexbuf, ID);
tokenval := p;
typetoken := symtable [p]. token; end
else if ¢ = eof then begin
tokenval := none;
typetoken := done; {hét chuong trinh ngudn}
end
else begin

tokenval := none; typetoken := c;



1
2
3
4
5
6

end

until ngung;

end;
2.8. M4y tritu tugng ki€u chong
Vung chi thi Chong
push 5 5
rvalue 2 11
+ a)
rvalue 3
* < PpC 16
.............. 7
b)
112
c)

Vung dir li€u

+ 0 1
— 11 2
7 3
4
%
-t
<t

Hinh 2.12. Mdy tritu tuong kiéu chong vdi viéc thuc thi biéu thitc

(54 11)%7



1. Chi thi sé hoc
2. Lvalue va Rvalue
Thidu:1:=1+1
3. Thao tdc véi chong
Cac chi thi: Lvalue, Rvalue, push v, pop, copy, :=
4. Bién dich cho biéu thiic
Thi du: Bién dich phit bi€u gin:
day := (53*y)div4d + 273 *m+2)div5+d
chuyén sang ky hiéu hiu to
day 53y *4div273 m*2+5div+d+:=
dich sang ma may triu tugng
5. Chi thi dieu khién trinh ty
C4c chi thi bao gom: label I, goto 1, gotofalse 1, gototrue 1, hallt.
6. Su bién dich cdc phdt biéu
Thi dy: Phét bi€u if:
stmt— if exp then stmt
out := newlabel
stmt.t ::= exp.t || ‘gotofalse’ out || stmt.t || ‘label’ out

nglf nghia




viung chi thj

Poan ma cho exp

gotofalse out

Poan ma cho stmt

label out

Poan mi cda phdt bi€u sau phat biéu if

Hinh 2.13. Md mdy tritu tugng ciia phdt biéu if

7. Gidi thudt cua trinh bién dich cdc phdt biéu
procedure stmt;
var out : integer;
begin
if lookahead =1d then
begin emit (‘lvalue’, tokenval);
match (1d); match (* := *); exp; emit (*:=°, tokenval)
end



else if lookahead = ‘if” then
begin match (‘if’); exp;
out := newlabel;
emit (‘gotofalse’, out);
match (‘then’); stmt;
emit (‘label’,out)
end
else error
end;

2.9. Thiét k& trinh bién dich don gian
1. Ddc ta trinh bién dich
start— list eof
list—> exp ; list| €
exp — exp + term {print (‘+’)}
lexp — term {print (*-")}
| term
term — term * factor {print (‘*’)}



term / factor {print(‘/’)}

term div factor {print (‘div’)}
term mod factor {print (‘mod’)}
factor

factor - (exp) | id | num

Biéu thiric & dang trung to

Init scanner
symbol parser > €error
emit

l

Bi€u thitc 3 dang hau td

Hinh 2.14. So do ciia trinh bién dich cho biéu thitc tir dang trung té
sang dane hdu té



2. Nhiém vu cua cdc chuong trinh con cua trinh bién dich
scanner: phan tich t« vung; parser: phan tich cu phap; emit: tao dang
xuat clia token; symbol: xay dung bang danh bi€u va thao tic vdi
bdng danh bi€u bing insert va lookup; init: cit cic tit khéa vao bang
danh bi€u; error: thong bio 16i.
M6 phong 2.3. Luogc do dich truc tiép cii phdp cud G sau khi duoc bé
dé quy trdi: start — list eof
list —> exp; list|
exp  — term Rest,
Rest, — +term {print (‘+’)} Rest, |
| - term {print (*-’-)} | €
term  — factor Rest,
Rest, —* factor {print (‘*’)} Rest,
1/ factor {print (‘/’)} Rest,
div factor {print (div’)} Rest, | €
mod factor {print (mod’)} Rest, |
factor — (exp)
id {print (id.lexeme)}
num {print(num.value)}




3. Giai thudt cua trinh bién dich
const bsize = 128; [|para =40;
none = ‘#’;  plus =43;
num = 256; minus = 45;
div =257; star = 42;
mod = 258; slash =47;
1d = 259;
done = 260;
strmax = 999;
symax = 100;
type entry =record
lexptr : integer;
token : integer;
end;
str = string;
var tokenval : integer;
lineno : integer;
lookahead : char;



symtable : array [1..100] of entry;
lexbuf : string [bsize];
typetoken : integer;
lexemes: array[1..strmax] of char;
lastentry : integer;
lastchar : integer;
procedure scanner;
var t: char;
p, b, 1: integer;
begin
read (t);
if (t=°°)or(t=\t") then
repeat read (t);
until (t<>° “)and (t<> ‘\t");
else if t =\t then begin
lineno := lineno + 1;
read (t);
end



else if tin[°0°..’9’] then begin
val (1,t,e);
tokenval := 0;
while ¢ =0 do begin
tokenval := tokenval *10 + I;
read (t);
val (1,t,e);
end;
typetoken := num;
end
else if t in[ ‘A’..’Z’,’a’..’z’] then
begin
p:=0;b:=0;
while tin [‘0’..”9°A’..’Z,a’..’Z2’ | do
begin lexbuf [b] :=t;
read (t);
b:=b+ 1;
if (b > =Dbsize) then



error
end;
lexbuf [b] := eos;
p := lookup (lexbuf);
if p=0 then p :=insert ( lexbuf, id);
tokenval := p;
typetoken := symtable[p].token;
end
else if t=eof then typetoken :=done
else begin
typetoken := ord (t);
read (t)
end;
tokenval := none;
end;
end; {scanner}

procedure parser;



procedure exp;
var t:integer;
procedure term;
var t: integer;
procedure factor;
begin
case lookahead of
[para : begin match ( lpara); exp;
match(rpara); end;
num : begin emit (num, tokenval); match (num)
end;
id : begin emit (id, tokenval );
match (id) end;
else error (‘ 101 cu phdp’, lineno);
end; {case}
end; {factor}



begin {term}

factor;
while lookahead in [star, slash, div, mod] do
begin
t := lookahead,;
match (lookahead);
factor; emit (t, none);
end;
end; {term}
begin {exp}
term;
while (lookahead = plus) or (lookahead = minus) do
begin

t := lookahead ; match (lookahead);
term; emit (t, none);
end; end;
begin {parser}
scanner; lookahead := typetoken;



while lookahead < > done do
begin exp; match (semicolon); end;
end; {parser}

/>l< _______________________ >X</
procedure match (t : integer);
begin
if lookahead =t then begin
scanner;

lookahead := typetoken ; end
else error (‘ 10i ct phdp’, lineno);
end;
procedure emit (t : integer; tval : integer);
begin
case tof
plus, minus, star, slash : writeln (chr (t));
div : writeln (‘div’);
mod : writeln (‘mod’);
num : writeln (tval);



1d : wrteln (symtable[tval].lexptr?);
else writeln (chr (t). tval);
end;

end; {emit}

fuction strcmp (cp : integer; s: str) : integer;

var 1, | : integer;

begin 1:=t;1:=length (s);

while (I <=1) and (s[i] = lexemes [cp] do

begin
1:=1+ 1;
cp:=cp + I;
end;

if 1>1 then strcmp:=1
else strcmp :=0
end; {strcmp}
procedure strcopy (cp : integer; t : str);
var 1:integer;
begin



for 1:=1 to length (t) do

begin
lexemes [cp] =t [1]
cp:=cp+ I;

end;

lexemes [cp] := €o0s;
end; {Strcopy}
function lookup (s : string) : integer;
var I, p: integer;
begin p := lastentry;
while (p > 0) and (Strcmp (symtable [p].lexptr , s) =0) do
p:=p- L



lookup :=p;
end; {lookup}

function insert (s : str; typetoken : integer) : integer;
var len: integer;

begin

len := length (s );

if (lastentry + 1 > =symax ) then error (‘bang danh
bi€u dﬁy’, lineno);

if (lastchar + len + 1 > = strmax ) then

error (‘ddy lexemes day, lineno);

lastentry := lastentry + 1;

symtable [ lastentry].token := typyetoken;

symtable [latsentry].lexptr := @lexemes[lastchar + 1];

lastchar := lastchar + len + 1;



strcopy (symtable [latsentry].lexptr #, s)
insert ;= lastentry;
end; {insert}

procedure init;

var keyword : array[1.3] of
record
lexeme : string [10]
token : integer;
end;
r,1:1integer;

begin keyword [i].lexeme := ‘div’;

keyword [1].token := div;

keyword [2].lexeme:= ‘mod’;
keyword [2].token := mod;
keyword [3].lexeme := ‘0’;
keyword [3].token :=0;

r:=3;



fori:=1tordo
p :=1insert (keyword [i1].lexem, keyword [1].token);
end;

procedure error (m : str; lineno : integer);
begin writeln (m, lineno);
stop;
end;

begin {main}
lastentry := 0; lineno :=0; tokenval :=-1;
lastchar := O;
Init;
parser;
end; {main}





