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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
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A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




Nhap mon Chwong trinh dich

Bai 1: Tong quan



NOI dung chinh

> So lwgc vé mon hoc
» Cac chwong trinh dich
— Chuwong trinh dich la gi?
— Tai sao phai biét ching?
— Cac b6 phan cua mét chwong trinh dich
> Gidi thiéu vé “Phan tich ttr veng”
— T ludng van ban dén luong tir td (tokens)



Tal lieu
> Pham Hong Nguyén, “Nhap mén Chuwong

trinh dich”.
> Pham Hong Nguyén, “Gido trinh thuwc
hanh Chwong trinh dich”.

» Aho, Sethi, Ullman, “Compilers —
Principles, Technigues and Tools”.




Muc tieu

» 'ng dung thwc té cua ly thuyét ngdn ng
—> rat dep nhwng rat kho ®

» Phan tich van ban (parsing)

» Nang cao hiéu biét vé ma ngudn

» St dung céc cau tric di¥ liéu phic tap
- rat ton noron than kinh ®

> Hi
C

> Hi

iéu cach cai dat cac ngon ngw bac cao va cach
quyen d6i ching vé ngdn ngl may

iéu nglr nghia cla cac ngdn ng 1ap trinh

» Lap trinh gioi hon (dac biét la trong nhom)



Chwong trinh dich la gi?

» Chwong trinh chuyén doi cach thé hién nay cua
mot chwong trinh sang cach thé hién khac.

— Nhan dang tinh hgp |é hoac khdng hop 1€ cua cac
chwong trinh.

- Nham muc dich tao ra cac doan ma dung, hiéu qua,
chinh xac.
> Vi du: Chuyén ma nguén viét trong ngén ngdr
bac cao sang ngon nglr may
> Vi du:
— *CPP > *EXE
— *JAVA - *.CLASS (bytecode)



M& nguédn

> Puwoc toi wu dé tao cdm giac than thién, dé ding
doi voi 1ap trinh vien
— Cﬁ.?“ phép gan giong ngr phap ctia ngén ngdr tw
nhién
— C6 nhiéu cau Iénh phirc tap hon ngdn ngir may

Int expr(int n)

{
int d;
d=4*n*n*(M+1) * (n+ 1);
return d;

}



Ma may

> Puorc toi wu cho phan cing
— Giam t6i da s6 cau lénh thira
— Ma Assembly = ma may

Ida $30,-32($30)
stq $26,0($30)
stq $15,8($30)
bis $30,%$30,%$15
bis $16,$16,%1
stl $1,16($15)
Ids $f1,16($15)
sts $f1,24($15)
1dl $5,24($15)
bis $5,%5,%2
sd4addq $2,0,%$3
1dl $4,16($15)
mull $4,%$3,%$2
1dl $3,16($15)

addq $3,1,%$4
mull $2,%4,%2
1d1 $3,16($15)
addq $3,1,$4
mull $2,%4,%2
stl $2,20($15)
1d1 $0,20($15)
br $31,%$33

$33:

bis $15,%$15,%$30
1dg $26,0($30)
1dg $15,8($30)
addgq $30,32,$30
ret $31,($26),1



Dich nhw thé nao ?

> M& nguon va ma may khong giong nhau
» D06 phtrc tap cua cac ngbn ngilr bac cao ciling
khac nhau
» Muc tiéu cua cac chwong trinh dich:
— Cho phép lap trinh vién s dung ngén ngr ngudn dé
lap trinh

— Chwonng trinh dich chuyén sang ma may v&i hiéu qua
cao nhat co thé

— Toc d6 dich cao (< O(n3))

— C6 thé  thay dbi dé dang chwong trinh dich khi can
thay d6i ngdn ngdr (thém tw virng, cu phap, khai niém
maoi, hoac chuyén sang ngon nglr moi)



Vi du

r

M& may chuwa toi wu M& may sau khi toi wu

lda $30,-32($30) s4addq $16,0,%0
stq $26,0($30) mull $16,$0,%0
stq $15,8($30) addg $16,1,%$16
bis $30,%$30,%$15 mull $0,%$16,%$0
bis $16,%$16,%$1 mull $0,%$16,%$0
stl $1,16($15) ret $31,($26),1

Ids $f1,16($15)
sts $f1,24($15)
1dl $5,24($15)
bis $5,%5,%$2
sd4addg $2,0,$3
1dl $4,16($15)
mull $4,%3,%$2
1dl $3,16($15)
addq $3,1,$4
mull $2,%4,%$2
1dl $3,16($15)
addq $3,1,$4
mull $2,%4,%$2
stl $2,20($15)
1dl $0,20($15)
br $31,%$33

$33:

bis $15,%$15,%30
ldg $26,0($30)
ldg $15,8($30)
addq $30,32,$30
ret $31, ($26),1



Tinh ding dan

» Cac ngon ngtr 1ap trinh cho phép mo ta cac
chwong trinh mot cach chinh xac

> Vit
cac

né, viéc dich cling c6 thé dwoc mé ta mot
N chlnh xac (nghta la, cac chwong trinh dich

coOt

nhé dworc viét dung)

> Y nghia
— Kho co thé g& rdi mot chuwong trinh véi mét chwong
trinh dich dworc viét sai

— Chuwong trinh dich ciing la 1 chwong trinh

— Cac khai niém vé chi phi, bao mat

— Trong mon hoc nay, ta sé nghién ctru cac ky thuat dé
viét mot chwong trinh dich dang.



Dich nhw thé nao dé hiéu qua?

M& nguon & ngdén ngir bac cao

Chworng trinh dich Errors



Y twdng: dich tirng bwdc

» Chwong trinh nguén sé chuyén qua moét
chudi cac dang thé hién khac nhau

> MOi dang thé hién dwoc tdi wu dé thuc
hién cac thao tac khac nhau trong qua
trinh dich (vi du: kiém tra kiéu, toi wu ma)

> Cang vé cudi, cac dang thé hién cang gan
vOol ma may hon.



Cau trac ctia chwong trinh dich

M& nguon (day céac ki tw)
If (a < 0) min = a; Phan tich tw vwng [

Day céc tw td (token)

Phan dau
Phan tich ct phap (khong phu thude
may)
Cay cu phap
Sinh ma trung gian !
Ma trung gian Phan sau
(phu thuéc may)
DR sinnmaméy ¢

<

CMP AX, O
CMOVZ BX, AX



Phan tich tw vwng (PTTV)

M& nguon (day céac ki tw)
If (a < 0) min = a; Phan tich tr vieng

Day céc tw td (token)

Phan tich cu phap

Cay cu phap
Sinh ma trung gian

Ma trung gian

DR sinnmaméy

CMP AX, O
CMOVZ BX, AX




Nhiém vu cua PTTV

> Chuyén dbi day cac ki ty cla chwong trinh ngudn thanh
day cac tw t6 (token) bao gom <loai ttr t6> va <thudbc
tinh>

> CAac tir to (token) la cac don vi co ban cla cu phap

IT (a < b) min = a;
else min = b;

1 [T (la|<|b}|) mi|n1|n = al;|\nje|l|s

min|n = b|; | EOF

IT|(|1d:a|<|Ild:b|) |Id:min|=|1ld:a];

Else|ld:min|{=|1d:b]|;




Day tir tO

>Mét dang thé hién cta chwong trinh
nguon

> M0 ta tir t0: <loai tr t6> va <thudc tinh>

» Vi du: <Id, “a”> <Id, “min”> <If,> <Int, 10>
<Float, 1.5> <[,> <),>

> Khi can g6 16i, théng bao 16i, md ta tir t
sé bao gom ca vi tri cua tw to: file, s6 dong

> Vi1 du: <Ild, “min”, “min.cpp”, 15>



CAac van dé trong PTTV

> CAach mo ta tir to
— Cac thudc tinh
— Bang ki hiéu
» Cal dat cac b6 PTTV
— Phwong phap AD-HOC
— Phwong phéap nhan dang biéu thirc chinh quy
— NFAs
— DFAs




Nhap mon Chwong trinh dich

Bai 2: Phan tich tw virng



NOI dung chinh

» M0 ta cac buwdc chinh cua chwong trinh dich

» Phan tich tir vieng la gi?

> Viét mot chwong trinh phan tich tor vwng

> M6 ta tir td - biéu thirc chinh quy (RES)

> Viét mot chwong trinh sinh ra chwong trinh phan
tich twr virng

» Chuyén d6i REs — NFAs
» Chuyén dbi NFAs — DFAS
> Bai tap vé nha 1



MO ta cac budc dich (1)

M& nguon (day céac ki tw)
IT (a ==0) min = a;

Day céac tw td (token)

Phan tich tw vwng

IT|(|1d:a|==|0|)|ld:min|=|1d:a];

Cay cu phap / \'\
/ NN

O min a
Cay cl phap diéu khién S f

boolean - |nt

/\ /\.m

Int _

lvalue

Phan tich cu phap

Phan tich ngir nghia




Phan tich t ving

(lexical analysis)

M& nguon (day céac ki tw)
If (a == 0) min = a; Phan tich tr vieng

Day céac tw td (token)

1T | (|lId:a|==|0|)|ld:min|=|ld:a|; [

y

Phan tich cu phap

Phan tich ngir nghia



T tO (token)

»Teén: x, yll, elsex, 100

» Tw khoa: if, else, while, break

> SO nguyén: 2, 1000, -500, 5L

> S0 thwe: 2.0, 0.00020, .02, 1.1e5, 0.e-10
»Kihiéu: +, *, {, }, ++, <, <<, [, ], >=

> Xau ki tw: “x”, “He said, \“"Are you?\"”

» Ghi chu: ** don’t change this **/



Phan tich tr vwng kiéu AD-HOC

> Tu viét ma lénh dé sinh ra cac tw td
> Vi du: Poan chwong trinh nhan dang tw to loai “Tén”

Token readldentifier( ) {
String id = “7;
while (true) {
char ¢ = 1nput.read();
IT (lidentifierChar(c))
return new Token(ID, 1d, lineNumber);
id = 1d + String(c);



Nhin trwdc 1 ki tw

> Duyét chwong trinh ngudn tirng ki tw mot
— St dung ki tw nhin trwdc dé quyét dinh loai tur
td6 va vi tri két thuc tw tb
char next;

while (identifierChar(next)) {
id = 1d + String(hext); next
next = input.read ();

}



Vong lap chinh

» Ham nextToken
Token nextToken( ) {
iIT (1dentifierFirstChar(next))
return readldentifier();
IT (nhumericChar(next))
return readNumber();
iIT (next == “\””) return readStringConst();



CA&c van dé cla phwong phap
AD-HOC

» Trong mot sO trwong hop, khong thé biét loai tur
to qua ki tw doc vao dau tien

— Néu ki tw dau tién 1a “i", d6 cé thé la tén hoac tr khdéa
Hif”

— Néu ki tw dau tién 1a “2”, d6 co thé 1a sbé nguyén hoac
sO thuc

— Ma Iénh kiéu AD-HOC khé viét ding, va bao tri nd
con kho hon nhiéu

> Vi vay, can mot cach tiép can mai, co6 nguyén
tac hon: cac chwong trinh sinh ra cac chuwong
trinh phan tich tr vietng mét cach tw dong (vi du:
lex, JLex)



Céac van dé nay sinh

» Can cach mé ta céac ti td khong bi nhap nhang
— 2.e0 20.e-01 2.0000
g a7\
» Can moét phwong phap dé tach chudi ki tw thanh
CAcC tlr to
IT (Xx == 0) a = x<<1;
ITF (x == 0) a = x<1;
» Phuong phap nay phai hiéu qua
— Phan biét cac ttr td c6 chung doan ki tw dau
— Chi can nhin trwéc 1 ki tw



MO ta tir tO

> T td trong cac ngon ng lap trinh co thé mo ta
bang céc biéu thiec chinh quy (REs)

» M@&i biéu thirc chinh quy R c6 thé biéu dién mot
tap cac xau ki tw L(R)

» L(R) goi la “ngbn ng*” dinh nghia boi R

» Vidu
— L(abc) ={abc }
— L(hello|goodbye) = {hello, goodbye}
— L([1-9][0-9]*) = tAp cac hang s6 nguyén dwong

> Y twdng: mo ta mdi loai tr t6 bang mét biéu
thire chinh quy



Quy wdéce cua REs

R|S
RS

R*

_(a) = {a} — tAp hop gém xau “a”

_(€) = {€} — tAp hop gdm xau réng

(R|S) = L(R) U L(S) — hgp cua L(R) va L(S)
(RS) ={xy | x € L(R),y € L(S)} - ndi 2 xau
pat ki cua L(R) va L(S)

(R*) = L(¢|R|IRR|RRR|RRRR ...) — ndi c4c
xau cua L(R) lai vé&i nhau




Mot s6 quy wdc khac

R+
R?
‘abcd]
a-z]
Nabc]
"a-z]

(
(
(
(
(

(

R+) = L(R*) \ {€} — R* loai bd xau réng
R?) = L(R]€)

‘abcd]) = L(alb]c|d)

a-z]) = L(a|b|..|z’)

Nabc]) = ki tw bat ki khong thudc L([abc])

~a-z]) = ki tw bat ki khéng thudc L([a-z])




Vi du

Biéu thre chinh quy (RE)

Xau thudéc ngon ngir

a
ab

alb
(ab)*
(@ale)b

‘a
“ah”

‘" b’

w fab”, “abab” ...
“ab”, “b”




Vi du

Biéu thre chinh quy (RE)

Xau thudéc ngon ngir

digit = [0-9]
posint = digit+
int =-7? posint
real =int (¢ | (. posint))
= -?[0-9]+(¢ | (. [O-
9]+))

id  =[a-zA-Z J[a-zA-Z0-9 J*

‘07, 27, "9”

“123", “5678"
“1237, "-5678"
“1237, “-5678.123"

min”, “cal_Max1”




Tach tr to tir chubi ki tw

elsex = 0 . 1lelse|x|=|0];

2lelsex|=|0];

» REs la chwa du dé chi ra cach tach cac tw to

» Da s6 cac ngdn nglr st dung luat “dai nhat
thang”: RE cho xau dai nhat c6 thé dwoc sé
dwoc chon

» Khi RE cho céc xau dai bang nhau, tir to dwoc
wu tien hon sé dwoc chon

» BPac ta chuong trinh PTTV = REs + luat “dai
nhat thang” + mdc dd wu tién




Pac ta chuwong trinh PTTV

> La dau vao cho cac chuong trinh sinh ra
chwong trinh phan tich tr virng
— Danh sach REs theo th tw wu tién
— Hanh déng gan lién vé&i mbi RE khi chwong trinh
PTTV nhan dang dwoc mét t t6 bang RE do

> Pau ra clia cac chwong trinh nay la mot chwong
trinh PTTV c6 thé

— Poc chwong trinh nguon va tach no ra thanh cac tw to
bang cach nhan dang REs

— Théng béao 16i néu gap phai ki tw khong ding theo
RES



Example: Lex

%%

digits = O][1-9][0-9]*

letter = [A-Za-z]

identifier = {letter}({letter}|[0-9 D*

whitespace = [\ \t\n\r]+

%%

{whitespace} {/* discard */}

{digits} { return new
IntegerConstant(Integer.parselnt(yytext()); }

“@P7 { return new IfToken(); }

“while” { return new WhileToken(); }

{identifier} { return new ldentifierToken(yytext()); }



Tong két

» Chuwong trinh PTTV chuyén chwong trinh nguén
thanh day cac tir to (token)

> PTTV kiéu AD-HOC khé viét dl]ng khd bao tri

> CO thé md ta chinh xac cac tw td trong cac ngon
ng® 1ap trinh bang biéu thtc chinh quy (RE)

> Dau vao cda chwong trinh sinh ra chwong trinh
PTTV la dac ta cua chwong trinh PTTV: REs,
muc do wu tién va cac hanh dong twong ng

» Bai t&i: hoat ddng cua cac chuong trinh sinh ra
chwong trinh PTTV



Nhap moén Chwong trinh dich

Bai 3: Tw dong sinh bd PTTV



NOI dung chinh

> M& réng cl phéap biéu thire chinh quy - RE
»\Vong lap chinh

> Otdmat hiru han don dinh - DFAS

> Otomat hiru han khéng don dinh - NFAs

> Chuyén doi RE-NFA

> Chuyén doi NFA-DFA



Mo rdng cu phap cua RE

> R, va R, la cac RE, céac biéu thirc sau 1a RE

- a L(a) = {a}

- RyIR; L(RﬂRz) = L(Ry) vV L(Ry)

- R;R, NOi 2 xau thudc L(R;) va L(R,)

— R* NGi 0 ho&c nhiéu xau thudc L(R,)

- R,? Xau rong hoac xau thudc L(R,)

- R, NGi 1 ho&c nhiéu xau thudc L(R,)

- (R

— [abc] L([abc]) = L(a|b|c)

- [a-€] L([a-e]) = L(a[b]..le)

- ["..] Ki tw bat ki ngoai cac ki tw trong ngoac




Chuwong trinh sinh ra bo PTTV

» Doc danh sach theo tht ty wu tién cac RE: Ry,...R, , MOi
biéu thirc md td mot loai tw td cling v&i cac hanh dong
twong wng

> Vidu
-?[1-9][0-9]1* { return new Token(Tokens.IntConst,

Integer.parselnt(yytext()) }

> Sinh ra ma Iénh cta chwong trinh PTTV c6 thé
1. Kiém tra tinh ding dan vé t&r vwng ctia chwong trinh nguon
2. Sinh ra mét day céac tir t6 twong rng

» Quan sat: Bai toan 1 twong duong voi viéc kiém tra xem
chwong trinh ngudn cé thudc ngén ng cla biéu thirc
chinh quy sau

(Rll |Rn)*

> Baitoan 1: Tim cach kiém tra mét xau cé thudc L(R) voi

R 1a biéu thirc chinh quy bat ki



Nhan dang biéu thirc chinh quy

> Otdmat nhan dang RE
— Bat dau & mét trang thai khéi tao
— Lan lwot xét cac ki tw chia xau
— Thay dbdi trang thai tuy theo ki tw doc vao
— Khi doc hét xau, néu dat dwoc trang thai két thic thi
xau vao dwoc nhan dang theo biéu thirc chinh quy do
> V@i PTTV, ta chi can mot s6 hivru han trang thai:
otomat hiru han (don dinh hoac khong don dinh)
— NFA & DFA
— Trang thai = mot s6 nguyén



Otdémat hiru han (FA)

> Biéu dién o6tdmat hiru

han
— Bang bang chuyén ‘ Not-
trang thai 1 —
2 1
2 Error Error
Not-

— Bang d6 thj chuyén i i



Nhan dang biéu thirc chinh quy

Not-*

» Vong lap chinh
@ 5@

boolean accept state[NSTATES] = { .. };
Int trans_table[NSTATES][NCHARS] = { .. };
int state = O;
while (state '= ERROR_STATE) {

c = 1nput.read();

IT (c < 0) break;

state = trans_table[state]|[c];
by

return accept state|state];



RE -2 FA

> C0 thé chuyén RE bat ki thanh FA hay
khong?

» Phwong phap: str dung dinh nghia dé quy
cua RE




Otdémat hiru han khdng don dinh
(NFA)

> NFA bao gom
— 'I;]ép trang thai, trang thai bat dau, tap trang thai két
thac
— Phép chuyén trang thai bang ki ty vao

— Ki tw rong ¢ (chuyén trang thai khdng can doc ki tw
clda xau vao)

— Tw mGt trang thai co thé chuyen dén nhiéu trang thai
kh&c bang cung mét ki tw vao

» Vidu b
a




DFA va NFA

» DFA
— V&i moi ki tw vao, trang thai cta 6témat luén xac dinh
— Cai dat bang bang chuyén rat dé dang
» NFA
— Céc ki hiéu vao va ki tw rong cho phép c6 nhiéu lya
chon tai mai trang thai

— NFA chap nhan xau vao néu c6 mét day lwa chon
dan dén trang thai két thuc

— Cai dat NFA khong dé nhw DFA



RE - NFA

> Vidu
(-?) [0-9]+ (-l€) [0-9][0-9]*

0-9

v v

\_J 0-9
&




RE -2 NFA

» Nhan xét:
NFA chi can mét trang thai két thuc ?




RE = NFA
(phwong phap quy nap)

RiR;




RE = NFA
(phwong phap quy nap)




Cai dat NFA

> Kiém tra 1 xau co thudc ngdn nglr cta NFA
— Ki,ém tra xem c6 ton tai 1 dwdng di tir trai thai bat dau
dén trang thai ket thdc st dung cac ki tw cua xau vao
— M&i trang thai c6 nhiéu lwa chon 7
> Tim kiém dong thdi nhiéu dwdng di
— Luu gilr tap trang thai c6 thé dat téi (’ng véi mét doan
dau cua xau vao
— Gidng nhu ta chi vao nhiéu trang thai trén do thj cling
mot luc



» Xau vao: -23
{0,1}
- {1}
2 {2, 3}
23 {2, 3}

VI du




Chuyén doi NFA - DFA

> C0 thé chuyén NFA thanh DFA bang
phwong phap twong tw

> Lap 1 trang thai cia DFA (rng v&i moi tap
trang thai c6 thé co cua NFA

( 9
' {0 1} {1}
O 0 ‘ 0-9

@“




Toi wu hoa DFA

> Chuyén déi NFA sang DFA co thé tao
thanh cac DFA c6 so lwong trang théi rat
Ion (= O(2M))

» Cac chwong trinh sinh ra b6 PTTV thwong
c6d buwde tdi wu hoa DFA t&i kich thwée
nhd nhat c6 thé dwoc (xem tai liéu tham
khao s 3 — Aho, Sethi, Ullman)



X Iy nhiéu REs cung lic

DPanh dau bang tw tb c6

NFA DFA wu tién cao nhat

- O
@ ©
o o® | ® o
©

\_ O/

> Cai dat luat “dai nhat thang” bang DFA: khi co 16i, néu

dang & trang thai két thdc thi tra vé tlr to twong tng Vo
trang thai két thac doé




Tong két

Chwong trinh PTTV chuyén dbi ma ngudn thanh mot
day cac tw td

RE co thé mo ta tr t& moét cach chinh xac

RE va th tw wu tién co6 thé chuyén thanh bo PTTV qua
2 buoc

1. Chuyén RE = NFA

2. Chuyén NFA > DFA (néu co thé, tdi wu hoa DFA)

Két qua: B6 PTTV ngan gon va dé bao tri

Chuyen doi NFA-DFA glal quyét hiéu qué van dé céac tuw
td cO chung tiép dau ngir (prefix)

— Ma lénh dé thay dbi va bao tri khi tir vng thay doi

— Thworng hiéu qua hon 1a viét bang tay

Céac chwong trinh sinh bd PTTV da c6 san va mién phi



Bai tap

»Bai 1. Xay dwng NFA doan nhan ngon
ng® dwoc tao bédi biéu thire chinh quy
if|[a-zA-Z_][a-zA-Z_0-9]*. Bién doi NFA
sang DFA.

»Bal 2: Xay dwng Automat doan nhan ngon
ng® dwoc tao béi biéu thire chinh quy
biéu dién cha thich trong ngén ngdr 1ap
trinh C/C++



Nhap mon Chwong trinh dich

Bai 4: Phan tich cu phap
(syntactic analysis)



NOI dung chinh

»Van pham phi nglr canh (CFG)
> Dan xuat

> Cay suy dan va cay ca phap
>Van pham nhap nhang



Phan tich cu phap

M& nguon (day céac ki tw)

It (a == 0) min = a:

Day cac tir to (token)

Phéan tich ttr veng

It ( Id-a| ==

0|)|Id:min

Id:a ; e A 4

Cay cu phap / \'\»

/\ VAN

O min

a

Phan tich nglr nghia




Phan tich cu phap

. {
»Ma nguon if (b == (0)) a = b;
while (a 1= 1) {
stdio.print(a);
a=a - 1;
\ }/block\
>Cé.y cu phép if_stmt while_stmt
AN TN
binop ... .. bin_op block
== variable const I= variable const expr_stmt ...
| |
b 0 b 1 call\
/.\ vari|able

stdio print a



Phan tich cu phap

> Kiém tra tinh diing dan vé ca phap cla
chwong trinh ngudn

> Xac dinh chirc ndng cla cac thanh phan
trong chwong trinh nguén

| gave him the book ////////

cau

S~

chu ngir vinglr  bO ngirtryc tiep  bd nglr gian tiép
I gave him cum danh tw
guan tw danh tw

the book



Vd Ve

Phan tich cu phap

> Input: D&y cAc tw to
» Output: Cay cu phap
» Cal dat:
— Duyét qua day céac tr td
— Xay dwng cay cu phap
— Loai bo céc cu phap thira trong cay cu phap
VD: atb =~ (a)+(b) =~ ((a)+((b))) bin_op
S



Phan tich cu phap

> Phan tich ct phap khéng lam tat cad moi
cong doan cua chwong trinh dich

> Vi du:,kiém tra kiéu, khai bao bién, khoi
tao bién

>Deé lai cho phan phan tich nglr nghia



Pac ta cu phap cua ngon ngr

>Van dé: Lam thé nao dé mo ta chinh xac
va dé dang cu phap cua ngon nglr tao nén
ma ngudn?

> Giong nhw tlr t6 dwoc mo ta bang RES

> REs dé cai dat (bang NFA hodc DFA)

> C0 thé dung REs dé mo ta cu phap cua
ngon nglr lap trinh dwoc khong?




Gidi han cua REs

» CU phap cua ngdn ng 1ap trinh khéng
thuoc Iop ngon ngir chinh quy - khong
thé mé ta bang REs duoc

»Vidu:Lc{(,)}*saochollatapcac
cach viét () dung.

> Néu~ding RE dé biéu dién L = phérdem
SO Iuo’ng,déu e o dau )’ twong
No 0 dém khong bi gio



Can cach mé td manh hon
> Ta biét: RE < DFA
> SO dém khong gi¢i han > s6 trang tha

khong gi¢i han = mau thudn véi cau tric
cua DFA (hiru han)

( ( ( ( (
) O O _Q O
) ) ) ) )
< 6: OK >=6 ’@



Van pham phi nglr canh (CFG)

»Vidu: mota ngbn nglr L
S > (S)S
S—>c¢
» CFG st dung dinh nghia dé quy
» CFG triee quan hon RES
S=(S)S=((9)35)S=()S)S= ... = ()
» Mot xau nam trong ngon ngw cua CFG

neu cd mot day suy dan st dung cac san
xuat cia CFG tao nén xau do



N\

I hiéu
Niéu
Niéu

N\

Ve
Ve

N\

>
>
>
>

Pinh nghta CFG

két thuc: T td hodc ¢
khong két thuc: Cac bién cl phap

hat dau: S

Cac san xuat: S = (S)S

— Chi ra céach phat trién cac ki hiéu khéng két thuic
thanh cac xau
— V& trai: ki hiéu khdng két thac
— V& phai: xau gdm ki hiéu két thac va khéng két thac
> CO thé gop nhiéu san xuat cé chung vé trai

S > (S)S | ¢



REs la tap con cua CFG

» REs khong co6 dé quy

digit = [0-9]

posint = digit+
int = -? posint
real = 1nt (¢ | (. posint))

>Vé trai cia REs c6 thé phat trién dén cac
ki hiéu vao
real = -?[0-9]+(e | (. [0-97+))



Vidu (1)

S>E+S|E
E->so|(S)
»Xau(1+2+((3+4)+5
S>E+S ,

2 ki hiéu khdng két thuc: E, S
S E’ 4 ki hiéu két thuc: sé, (,), +
FE 2 s0O 4 san xuat

E S (S) Ki hiéu bat dau S



Vi du (2)

S>E+S|E ki higu khong két thic —vé tra
E-> SO | (S) vé phai cia san xuat
> Xau (1 +2+(3 + 4)) +5
S:>E,+S:>§_L+S:>(E+S)+S
= (1+S)+S=1+E+S)+S
= (1+2+S)+S=(1+2+E)+S
= (1+2+(S)+S=@1+2+(E+S)+S
- 1+2+@B+S)+S=1+2+(B+E)+S
=>1+2+(3+4)+S=(1+2+3+4)+E
=(1+2+(3+4)+5



Dan xuat (1)

> Bat dau tir S
> St dung dan xuat dé tao nén day cac tiv to (ki
hiéu két thc)
> V@i cac xau a, B va y bat ki va 1 san xuat A -
> Mot dan xuat 1a aAy = afy
— Thay B vao vi tri cGia A & vé trai
> Vi du:
- (S+E)+E=(E+S+E)+E
—trongdo (A=S,B=E+Y9)



Cay suy dan 3
E + S

> Mot day dan xuat bat dau /S\ |
tr S cothé mo ta dwsi ' /T
dang cay suy dan -
E
|
2

— L& cua cay la ki hiéu két .
thuc; theo th tw duyét sé
tao thanh xau vao

— Nt trong cua cay la cac
Ki hiéu khong két thuc VARN

— Cay khong chi ro thir tw ‘E v
cua cac dan xuéat 2 .




» Gian luvoc cac thdong
tin thtra khoi cay suy

dan
N
N
BN
"N




Dan xuat (2)

> The tw dan xuat tay y, c6 thé chon bat cw
mot ki hiéu khéng két thiic nao dé ap dung
san xuat
> Hai th tw dan xuat thwong dung:
— Suy dan trai: chon ki hiéu bén trai nhat
— Suy dan phai: chon ki hiéu bén phai nhat
>Puwoc st dung trong nhiéu kiéu phan tich
cu phap tw dong (automatic parsing)



Vi du

> Suy dan trai
S=2E+tS=(S)+S=(E+S)+S= (1+9S5)+S
= (1+E+S)+S = (1+2+S)+S = (1+2+E)+S
= (1+24(S))+S = (L+2+(E+S))+S = (1+2+(3+S))+S
= (1+2+(3+E))+S = (1+2+(3+4))+S = (1+2+(3+4))+E
= (1+2+(3+4))+5
» Suy dan phai
S=E+S=E+E = E+5 = (S)+5 = (E+S)+5
— (E+E+S)+5 = (E+E+E)+5 = (E+E+(S))+5
— (E+E+(E+S))+5 = (E+E+(E+E))+5
= (E+E+(E+4))+5 = (E+E+(3+4))+5
= (E+2+(3+4))+5 = (1+2+(3+4))+5
> Cung mot cay suy dan, cung st dung cac dan xuat
nhuwng theo th tw khac nhau



Van pham nhap nhang (1)

> O vi du trwde, ca hai cay suy (1+2+@3+4)+5

dan trai va phai déu giong nhau l
» Ly do: phep cong (+) cOxu ]

wong két Do’p v? bén phe}i b\é\t / \

Ké thwr tir dan xuat nhuw thé nao ; :
> Ly do: Phép cong dwoc dinh RN

nghta trong van pham 1 ¥
S>E+S / \
- Dé quy phai 2 /+\
3 4



Van pham nhap nhang (2)

» Xet van pham sau
S—>S+S|S*S|number

> St dung dan xuat khac nhau cho ra céc
cay suy dan khac nhau

>Van pham nhap nhang



Van pham nhap nhang (3)

S—>S+S|S*S|number
>Néu xauvaolal+2*3

> Suy dan 1: N\
S=S+S=>1+S=1+S*S AN
—>1+2*S=1+2*3 2 3

> Suy dan 2: /*\

S=5*S=>5+5*S=1+S*S ) +
= 1+2*S=>1+2%3 7

3



Y nghia

> Cay suy dan khac nhau cho két qua tinh
toan khac nhau

>Van pham nhap nhang
> CO6 nhiéu cach hiéu chwong trinh nguén

N\, I\

N O\



Loai bd nhap nhang

> CO thé loai bd nhap nhang bang
— Thém vao mdt so ki hiéu khéng két thac
— Chi cho phép st dung dé quy trai hoac
phai /|S\

=5+ T|T e .
T=T*num | num s
1 2

> T: ki hiéu khong két thdc cho phép chi
ra th&r tw wu tién cua cac phép toan

» P& quy trai. cac phép toan co xu
hwong két hop bén trai



Gidi han cua CFG

» Van chwa thé bat hét cac 16i cu phap
> Vidu: C++
HashTable<Key,Value> X;
» Can kiém tra HashTable 1a kiéu gi?
» CAc ki hiéu “<”, “,” dwoc nap chong (overload)
> Vidu: C++
TL41[5]16]1 = Xx;
» Khé dung CFG dé mo ta vé trai
> Y twdng: cho phép ca 2 vé déu la cac biéu thiec,
kKiém tra vé trai sau (phan tich ng» nghia)



Tong két

»CFG cho phép mo ta cu phap cua ma
ngudn kha chinh xac va ngan gon

»>CFG cho phép m6 t& cach chuyén day céc
tr t6 thanh cay suy dan (cay cu phap)



Nhap moén Chwong trinh dich

Bai 05: Phan tich trén xudng
(Top — down parsing)



NOI dung chinh

> Tiép tuc voi CFG

> Phan tich trén xudng

»Lop ngon ngr LL(1)

> Chuyén van pham vé dang LL(1)

> Phan tich dé quy xudng (recursive descent)



Phan tich cu phap

M& nguon (day céac ki tw)
If (a == 0) min = a; Phan tich tr vieng

D&y céc tw td (token)
If|(|Id:a|==|0|)|Id:min|=|1d:a|; [+ |

S S

/\ /7 \ P

O miIn a

Phan tich ngir nghia




Van pham phi ngtr canh (CFG)

> CFG c6 thé mo ta ca phap cta ngdn ngir

lap trinh

> CFG c6 kha nang dién ta cac cu phap léng
nhau (VD: dau ngoac, cac lénh |16ng nhau)

> MOt Xau nam trong ngdn ngl clia CFG
néu co mot suy dan tw ki hiéu bat dau sinh
ra xau do

>Van dé: Van pham nhap nhang




If-then-else

>\Van pham cho cau lénh if ?
S —if (E) S
S —if (E) Selse S
S—>X=E]|If(E) Selse S
»Van pham c6 mo ta dwoc cau lénh if khdng?



If-then-else

> Phan tich cau sau S—1(E)S
_ _ S—if(E)Selse S
If (E)) If (E,) S, else S, S — other
S
S =if (E;) S ‘ 4
— if (E,) if (E,) S, else S, S

S=If(E;) Selse S, S
i (E,) if (E,) S, else S, B} /L S

if E, S else S,

> else di voi if nao? /\\

1 1




If-then-else

statement

» Ta khdng muon else di voi

R _ unmaiched
If dau tién ” E state|ment
If (E) If (E) Selse S matched

. 3 — — | T
> Van dé: Khoéng c6 gi phan if E matched else matched

biét 2 ki hiéu S v&i nhau
» Stra lai van pham

statement — matched | unmatched
matched — if (E) matched else matched | other
unmatched — If (E) matched else unmatched

If (E) statement



Phan tich trén xudng (top-down)

>Van pham co6 thé phan tich trén xudng

> Cai dat bd phan tich cu phap trén xudng
(recursive descent parser)

» Xay dwng cay cu phap




Phan tich trén xudng

S>E+S|E
E->5s6|(S)

>Muc tiéu: xay dwng cay suy dan trai trong
Khi doc day tw to

Suy dan T té, ~ Daytw td
nhin trwdc Pba doc / Chwa doc
S ( (1+2+(3+4))+5
E+S ( (1+2+(3+4))+5
(S)+S 1 (1+2+(3+4))+5
(E+S)+S 1 (1+2+(3+4))+5
(1+S)+S 2 (1+2+(3+4))+5
(1+E+S)+S 2 (1+2+(3+4))+5
(1+2+S)+S ( (1+2+(3+4))+5
(1+2+E)+S ( (1+2+(3+4))+5
(1+2+(S))+S 3 (1+2+(3+4))+5




Van dé

S>E+S|E
E->5s6|(S)

»Ta mudn lwa chon san xuat dwa vao ti to
nhin truedc

(1) (S=E=>(S)= (E) = (1)
(1)+2 (S)+S=(E)+S

= (1)+E = (1)+2

» Vi van pham nay ta khong lwa chon dwoc



Van dé & van pham

>Van pham nay khong thé phan tich trén
xudng néu chi nhin trwéc 1 ki tw

Khong phai thubc I&p van pham LL(1)

_eft—to—right scanning

_eft—most derivation
1 token lookahead

> Ca thé viét lai van pham, cho phép phan
tich trén xubng

»Twce la, van pham LL(1) cho cung ngon ng

>
>




Viét lai van pham - LL(1)

Khong lwa chon duoc khi
- . N durg
< S 2 EXS07 i hidu khong Két thic 13 S
-> E S
E - sd ™ phai nhin thay dau “+”
E > (S) \ dé quyét dinh
e Nhan xet: S = E(+S)*
ds g’ » Chuyén viéc lwa chon cho S’
<S’9+Si .S’ = (+S)*
S >e
E = S0 > Left factoring
E 2> (9)




Phan tich trén xudng
voi van pham LL(1)

S

ES’

(S)S’

(ES")S’

(1S)S

(1+S)S’
(1+ES")S’
(1+25)S
(1+2+S)S’
(1+2+ES"S’
(1+2+(S)S)S’
(1+2+(ES’)S)S’
(1+2+(3S)S)S’

(1+2+(3+S)S")S’

A+ OO~~~ + NN+ FP RFP~~

(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5
(1+2+(3+4))+5




Phan tich tat dinh

» Lop van pham LL(1):
— V@i moi ki hiéu khong két’thl'JC, t t6 nhin
trwdc sé xac dinh san xuat phai st dung
— Phan tich trén xudng < phan tich tat dinh
— Cai dat bang bang phan tich

Ki hiéu khéng két thic x ky hiéu két thtic = san xuat



Bang phan tich

S ( (1+2+(3+4))+5
ES’ ( (1+2+(3+4))+5
(S)S’ 1 (1+2+(3+4))+5
(ES’)S’ 1 (1+2+(3+4))+5
(1S)S’ + (1+2+(3+4))+5
(1+S)S’ 2 (1+2+(3+4))+5
(1+ES)S’ 2 (1+2+(3+4))+5
(1+28)S + (1+2+(3+4))+5
sO + ( )  $-EOF
S - ES’ - ES’
S’ 2> +S 2 ¢ 2 ¢

E | >sb >(S)




Cai dat

»Bang phan tich dwge dung trong phan tich
dé quy xudng (recursive descent)

S

S1

E

sO + ( ) $ - EOF
- ES’ - ES’
2> +S 2 ¢ 2 ¢
> s0 ->(S)

» Cai dat 3 thu tuc: parseS, parseS’, parseE




Phan tich dé quy xudng

void parse S () { tir t6 nhin truéc
switch (Ctoken)»¥
case num: parse E(Q); parse S*(); return;
case “(’: parse EQ); parse_S’(); return;
default: throw new ParseError();

sO + ( )  $-EOF

S - ES’ - ES’
S’ -2 +S -2 € -2 €
E > sb -2>(S)




Phan tich dé quy xudng

void parse S’ {
switch (token) {
case “+7: token = i1nput.read(); parse_S(); return;
case “)’: return;
case EOF: return;
default: throw new ParseError();

sO + ( )  $-EOF

S - ES’ - ES’

E | >sb >(S)




Phan tich dé quy xudng

voild parse EQ) {
switch (token) {

case number: token = i1nput.read(); return;

case “(“:
token = 1nput.read(); parse _SQ);
It (token = “)?) throw new ParseError();
token = input.read(); return;
default: throw new ParseError();

sO + ( )  $-EOF

S - ES’ - ES’

E > s0 >(S)




Cay ham = Cay
suy dan
> The tw va cap
bac cac loi goi
ham trung voi cay
suy dan



Xay dwng bang phan tich (1)

» Tw déng xay dwng bang phan tich ttr van
pham cho truwdc thude Iop LL(1)

S 2 ES o, S + ( )

S2+S ‘ S | >ES > ES’

S 2¢ |

= 956 S 2> +S ¢
E > (S) E | >sb >(S)




Xay dwng bang phan tich (2)

> Phan tich tat dinh: V&i moi ky hieu khong két thac, tir to
nhin trwdc sé xac dinh san xuat can st dung

» Dinh nghia:

» FIRST(y) voi y la xau bat ki gom cac ki hiéu két thac va
khong két thuc 1a; tap hop cac ky hiéu cé thé bat dau
Xau suy dan dwoc tir .

> FOLLOW(X) voi X la ki hiéu khong két thac 1a : tap hop
cac ki hiéu co thé theo sau xau suy dan dwoc tir X trong

Xau vao.
/X\
| |

FIRST FOLLOW




Xay dwng bang phan tich (3)

> Xét sdn xuat dang X = vy

> Dat “> y” vao dong X, cac ¢t nam trong

FIRST(y)

S
Sl

E

sb

+

(

)

- ES’

> sb

> +S

- ES’

2(S)

2 ¢

2 ¢

> Néu tr y c6 thé suy dan ra ¢ (triét tiéu dwoc -

nullable) dat “=> y” vao dong X, cac coét nam

trong FOLLOW(X)

> VV&n pham 1a LL(1) néu khoéng c6 6 nao dwoc

dién qua 1 lan




Tinh cac ky hiéu triét tieu dwoc

>y = X, X, X, triét tiéu dwoc néu X triét tiéu
dwoc (1=1,2, .., n)

»Deé quy:
— X =2 g: X triét tiéu duoc
— X 2> Y,Y,..Y, triét tiéu dwoc néu Y, triét tiéu

duwoc (1=1, 2, ..n)

> Thuat toan: st dung 2 luat trén lién tuc dé
danh dau céac ky hiéu triét tiéu dwoc dén
khi khdng danh dau thém dwoc ky hiéu nao



V V V V

RS
RS
RS

Tinh FIRST(y)

(X) o FIRST(y) néu X => v
(ap) = {a}

(X

RS

duworc

» Thuat toan: Gia st v&i moi y, FIRST(y)
rong, ap dung cac luat trén lieén tuc dé xay
dwng cac tap FIRST.

(X

3) 5 FIRS”

(X)

3) 5 FIRS

"(B) néu X triét tieu



Tinh FOLLOW(X)

»>FOLLOW(S) o {$}

>Néu X 2> aYp
— FOLLOW(Y) o FIRST(B)
— FOLLOW(Y) o FOLLOW(X) néu B> ¢

> Thuat toan: Gia st v&i moi X, FOLLOW(X)
réng, &p dung cac luat trén dén khi khéng
c6 thay doi nao



Vi du S > ES’

> Triét tiéu dwoc
—— — Chico S’ triét tiéu duoc
» FIRST
— FIRST(E S’) ={s6, (}
— FIRST(+S) ={ +}

— FIRST(sé) = {s6} \
— FIRST((S)) ={(} S
— FIRST(S) = {+}

o

» FOLLOW
— FOLLOW(S)={$%,)}
» — FOLLOW(S) = {$, )} —

— FOLLOW(E) ={+,), $}



V&n pham nhap nhang

>Bang phan tich cta van pham nhap nhang
sé c0 6 dwoc ghi hon 1 lan (xung dét)

» Nguoc lal, van pham coé 6‘xung dot co
phai la van pham nhap nhang khéng?



Finish him
>Thu tuc dé quy xudng da xay dwng duoc
cay suy dan
> Cay suy dan van con nhiéu chi tiét thiva.
Vi du: cac dau “(*, 9)”, “g”
> Buwdc cudi cung: xay dwng cay cu phap



Xay dwng cay cu phap (1)

abstract class Expr { }

class Add extends Expr {
Expr left, right;
Add(Expr L, Expr R) {
left = L; right = R;

7N\

left right

}
}

class Num extends Expr {
int value;
Num (int v) {
value = v;
¥
¥




Xay dwng cay cu phap (2)
> (1+2+(3+4))+5
N N
+ 5 Add Num(5)
N\ N\
1 + Num(1) Add
N\ N\
2 + Num(2) dd
N N

Num(3) Num(4)




Xay dwng cay cu phap (3)

>Y twdng: cay ci phap c6 cung cau tric voi
cay suy dan

> Cai dat thém ma Iénh vao cac thu tuc dé
guy xudng dé xay dwng cay cu phap

>parse S, parse S’, parse E clng tra vé
KIeu Expr

void parse EQ) = Expr parse EQ)
void parse_S() = Expr parse _S()
void parse S’() = Expr parse S’



Xay dwng cay cu phap (4)

Expr parse EQ) {
switch(token) {
case num: // E - number
Expr result = Num (token.value);

token = i1nput.read(); return result;
case “(“: // E > (S)
token = 1nput.read();

Expr result = parse SQ);
iIf (token !'= “)”) throw new ParseError();

token = i1nput.read(); return result;
default: throw new ParseError();




Xay dwng cay cu phap (5)

Expr parse SO {
switch (token) {

case num:

case “(’:
Expr left = parse EQ);
Expr right = parse S’();
iIT (right == null) return left;
else return new Add(left, right);

default: throw new ParseError();




Xay dwng cay cu phap (6)

Expr parse S°() {
switch (token) {

case “+7:
token = 1nput.read();
return parse S(Q);

case “)’: return null;

case EOF: return null;

default: throw new ParseError();




Thong dich
int parse EQ) {
switch(token) {
case num: // E - number
int result = token.value;
token = 1nput.read(); return result;
case “(“: // E> (S)
token = 1nput.read();
int result = parse_S(Q);
iIT (token '= “)”) throw new ParseError();
token = Input.read(); return result;
default: throw new ParseError();

}
+
int parse_SQ { int parse_ S°(Q {
switch (token) { switch (token) {
case num: case “+7:
case “(’: token = input.read();
int left = parse EQ); return parse SQ);

int right = parse_S”(); case “)’: return O;
iIf (right == 0) retunn left; case EOF: return O;
else return left + rijght; default:
default: throw new ParseHrror(); throw new ParseError();




Tong két

> V&i lép van pham LL(1), c6 thé dung phwong
phap phan tich dé quy xudng
— Xay dwng bang phan tich ttr cac ki hiéu triét tiéu
duworc, cac tap FIRST va FOLLOW
— Chuyén bang phan tich sang 1ap trinh phan tich dé
guy xuong
— Thém ma Iénh dé xay dwng cay cl phap
» Cach tiép can co hé thdng, tranh 16i va phat hién
van pham nhap nhang
> Bai t&i: Chuyén van pham sang dang LL(1),
phan tich dudi Ién (bottom-up parsing)



Nhap mon Chwong trinh dich

Hoc ki Il 2006 — 2007
Bai 6: Phan tich dwdi l1én
(bottom-up parsing)



Nho lal

»Van pham LL(1) va bang phan tich

> Phan tich dé quy xudng

»Xay dwng cay cu phap trong khi phan tich
dé quy xudng



Vi du

Van pham cta céc biéu thirc cdng c6 ngoac.
VD: (1+2+(3+4))+5
Van pham dé quy phai
S>E+S|E

E->sé|(S)

Van pham dé quy trai
S>S+E|E

E->sé|(S)

Van pham LL(1)
S2>ES

S 2>+S|¢

E->sé|(S)



Pé quy trai va dé quy phai (1)
(1+2+(3+4))+5

Pé quy phai — két hop bén phai Pé quy trai — két hop bén tréi
N\ N\
1/\ ; A
N\ YANA
2PN Ol
;o



Pé quy trai va dé quy phai (2)

>Van pham dé quy trai khéng thé ding dé
phan tich tt trén xudng: 1ap vo han
S=2=S+E=>S+E+E=S+E+E+E
> Lam thé nao dé phan tich hiéu qua?




Xay dwng van pham LL(1)

> Chuyén van pham vé dang dé quy phai
S>E+S|E
E > s6|(S)

» Dung ki thuat “left — factoring”, str dung
thém ki hiéu khéng két thac
S 2> ES
S 2> +S|¢
E > s6|(S)



Cu phap BNF mo réng - EBNF

> Cho phép str dung mét s6 cu phap cua
biéu thire chinh quy: *, +, ?

S 2> ES (1+2+(3+4))+5
S'2>+S|¢ N BN
- . \
S > E(+E)* / \
> EBNF: khong con chi ré /+\ °

the tw két hgp clia phép “+” -

AN



Phan tich dé quy xuong - EBNF

» Chuyén tir EBNF sang phan tich dé quy xudng
S > E(+E)*

void parse. S () { // phan tich day E + E + ...
parse E ();
while (true) {
switch (token) {
case “+7:
token = 1nput.read(); parse EQ);
break;
case “)’: case EOF: return;
default: throw new ParseError();

}
}



Két hop sinh cay clt phap - EBNF

Expr parse SO {
Expr result = parse EQ);
while (true) {
switch (token) {
case “+7:
token = 1nput.read();
result = new Add(result, parse E());
break;
case “)’: case EOF: return result;
default: throw new ParseError();



Xay dwng bd PTCP trén xudng

Viét van pham ctia ngén ngir

Viét van pham LL(1)

Bang phan tich LL(1)

Phan tich dé quy xuong

Phan tich dé quy xuong két
hop xay dwng cay cu phap



Phan tich tr dwoi lén
(bottom-up parsing)

» Ky thuat phan tich manh hon
» Van pham I&p LR c6 kha nang mo ta manh hon
van pham lop LL, co thé mo ta van pham dé quy
trai (co trong hau hét cac ngon ngr 1ap trinh)
» Dé dang mo ta cac ngén ng lap trinh théng
thwong
» B0 phan tich cu phap gat — thu gon
— Xay dwng cay suy dan phai
— Tw déng xay dwng bd phan tich cu phap
VD: yacc, CUP
— Phat hién 16i ngay khi xuat hién
— Cho phép phuc hoi khi 16i xay ra



Phan tich trén xudng

<IN
> Suy dan trai | E
> Toan bd cay phia trén (/ S\)
mot ki hiéu dwoc sinh s
a AN TN
»>Phai c6 khd nang doan 7 ° 'f </T\>
trwdc dwoc san xuat E 2. S 4 F
1 E 4
3




Phan tich dwdi [én (1)

S>S+E|E

> Suy dan phai E > 56 (S)

> Cay suy dan dwoc xay dwng nguorc lai
— Bat dau ttr ki hiéu két thuc
— Két thac tai ki hiéu bat dau

» Vidu
(1+2+(3+4))+5 <= (E+2+(3+4))+5 <=
(S+2+(3+4))+5 < (S+E+(3+4))+5 <«
(S+(3+4))+5 < (S+(E+4))+5 < (S+(S+4))+5 <
(S+(S+E))+5 <= (S+(S))+5 < (S+E)+5 «
(S)+t5 «E+5 & S+5«<=S+E < S



Phan tich dwdi [én (2)

w (S+(3+4))+5 <
S (S+(E+4))+5 «
S (S+(S5+t4))+5 <
§(S+(S+E))+5 =
(5+(5))+5 <«
(S+E)+5 <
(5)+5 <

E+5 «

S+E «

S

I (1+2+(3+4))+5 <
(E+2+(3+4))+5 <
(5+2+(3+4))+5 <
(S+E+(3+4))+5 <

(1+2+(3+4))+5
(1 +2+(3+4))+5
(1 +2+(3+4))+5
(1+2 +(3+4))+5
(1+2+(3 +4))+5
(1+2+(3 +4))+5
(1+2+(3 +4))+5
(1+2+(3+4 ))+5
(1+2+(3+4 ))+5
(1+2+(3+4) )+5
(1+2+(3+4) )+5
(1+2+(3+4)) +5
(1+2+(3+4))+5
(1+2+(3+4))+5



Phan tich duwdi [én (3)

(1+2+(3+4))+5 S/ I\
<= (E+2+(3+4))+5 E Z
& (S+2+(3+4))+5 7N
< (SHE+(3+4))+5 ... yd +\E
AN N
»Phantichdusilenco [~ T LT
nhidu théng tin hon khi T P T
phan tich ' i *
3




Phan tich dudi [én va
phan tich trén xudng

> Phan tich dwdi 1én khdng can sinh ra toan
bd cay suy dan trong qua trinh phan tich

Phan tich trén xuong Phan tich dwéi 1én

Dadoc Chuwa doc Dadoc Chuwa doc



Phan tich gat — thu gon (1)

» Phan tich bang mét day thao tac: gat va thu
gon
» Mai thoi diém, trang thai clia bd phan tich la
ngan xép cac ki hiéu két thuc va khong két thuc
» Cau hinh tai mdi th&i diém gom:
ngan xép + xau cac ki hiéu chwa doc

Suy dan Ngan xép Chwa doc

(1+2+(3+4))+5 <« (1+2+(3+4))+5
(E+2+(3+4))+5 <« | (E +2+(3+4))+5
(5+2+(3+4))+5 < | (S +2+(3+4))+5
(S+E+(3+4))+5 < | (S+E +(3+4))+5




Phan tich gat — thu gon (2)

> Gat: Doc va dwa mét ki hiéu két thuc cia

Xau vao stack

Ngan xép Chuwa doc Thao tac
( 1+2+(3+4))+5 Gat 1
@ +2+(3+4))+5

»>Thu gon: Thay thé mét xau y & dinh cla
ngin xép bang ki hidu khong két thic X
vol X =2 v (pop v, push X)

Ngan xép Chuwa doc Thao tac
(S+E +(3+4))+5 Thu gon: S - S+E
(S +(3+4))+5




Phan tich gat — thu gon (3)

Suy dan Ngan xép Chwa doc Thao tac
(1+2+(3+4))+5 « (1+2+(3+4))+5 gat (
(1+2+(3+4))+5 < ( 1+2+(3+4))+5 gat 1
(1+2+(3+4))+5 < (@ +2+(3+4))+5 thu gon E-1
(E+2+(3+4))+5 « (E +2+(3+4))+5 thu gon S-E
(5+2+(3+4))+5 < (S +2+(3+4))+5 gat +
(5+2+(3+4))+5 < (S+ 2+(3+4))+5 gat 2
(5+2+(3+4))+5 < (5+2 +(3+4))+5 thu gon E-2
(S+E+(3+4))+5 < (S+E +(3+4))+5 thu gon S->S+E
(5+(3+4))+5 « (S +(3+4))+5 gat +
(G+(B+4))+5 <= S+ (3+4))+5 gat (
(5+(3+4))+5 « (S+( 3+4))+5 gat 3
(S+(3+4))+5 « (5+(3 +4))+5 thu gon E-23
(S+(E+4))+5 < (S+(E +4))+5 thu gon S-E
(5+(5+4))+5 < (S+(S +4))+5 gat +
(5+(5+4))+5 < (S+(5+ 4))+5 gat 4




Céac van dé nay sinh

> Can xac dinh khi ndo gat hoac thu gon
hodc thu gon v&i sadn xuat nao?
> Thu gon san xuat réng
X —E€
> C06 nhiéu cach thu gon
S—->Ehay S > S+E



Lwa chon thao tac

» Tai moi thovi diém, tir cau hinh
<S — ngan xép, a — ti td nhin trwdc>
> Xac dinh
— Gat a, ngan xép tré thanh <Sa>

— Thu gon X%y, néu s = oy,
ngan xéep tré thanh <aXx>

>Néu S = ay, can lva chon gat a hoac
thu gon X—>v dya vao tién td o
— V@i moi kha nang thu gon X=>v c6 mét o
— Can tim cach danh dau cac kha nang thu gon



Trang thai cua
bd phan tich gat — thu gon

»Muc tiéu: Xac dinh kha nang thu gon hop

|€é tal tiwng thol diem
>Y twdng: gop cac kha nang cé thé co cla

tien t6 o thanh trang thai cua bd phan tich
> Cac van dé nay sinh:

— Tinh toan cac trang thai cua b phan tich

— Tinh toan céac trang thai két thtc

— Phan tich tat dinh (loai vdn pham nao)

— Kich c& cua bd phan tich (s6 lwong trang thai)




Nhap mon Chwong trinh dich

Hoc ki Il 2006-2007
Bal 7: Phan tich LR



BO phan tich LR(O)

» Left-to-right scanning
» Right-most derivation
»‘“zero” lookahead token

> Chuwa di manh dé nhan dang cac ngon
ng lap trinh
> Dung dé hiéu céac loai phan tich LR



Cac trang thai LR(0)

> Mdi trang théi thé hién va
danh dau cac kha nang cé

thé xay ra
> MOi trang thai LR(O),

tdp hop cac san xuat duwoc

a mot

danh dau bang céac dau

cham

» Trwdc dau e 1a cac ki hiéu
da nam trén ngan xep

> Sau dau e la cac ki hiéu co

thé xuat hién (cac tir to

chwa doc)

trang thai LR(0)—

E->sbOe
E > (eS)

/’

san xuat dwoc danh dau




Vi du: Danh sach

(x, (¥,2), w)

»Van pham cua danh sach

S (L)]|id
L>S|L,S

X (x,(y,2), w)
(((x))) ((x.(y, 2)), w)




Trang thai LR(0) va bao déng

S’ 2 ¢S$

> Thém san xuat: S’ > S$
> Trang thai ban dau cla ngan xép
S’ - ¢S$
» Bao dong cua trang thai:

bao dong

—)

S’ 2 ¢S$
S 2> e(l)
S = eid

S (L)|id
L>S|L,S

— Vo méij san xuat dang A = aeB, thém vao trang thai tat ca cac
s&n xuat dang B > ey

— Y nghia:

e A > oeBp: B chwa xuét hién (hay c6 thé xuat hién & xau vao)

« B > ey: Chuwa ki hiéu nao do B suy dan ra xuét hién (hay y c6 thé
Xuat hién & xau vao)




Chuyén trang thai — DFA (1)

S 2> ¢S$

S 2> e(l)
S =2 eid

S 2 (el)

id

S =2 ide

L = S

:L%OL,S

S (L)]|id
L>S|L,S

S 2> e(l)
S =2 eid

> S dung céac ki hiéu két thiic va khéng két thic dé

chuyén trang thai

» Trang thai m&i bao gdm cac san xuat va bao dong cla

chung




Chuyén trang thai — DFA (2)

S 2>Se$

S’ > ¢SS

S 2> e(l)
S =2 eid

trang thai két thac S->(L)]|id
” 8 L->S|L,S
S>ide p—— (LLeS | g
S 2> e(l) |L9LSO
1d /S%dd
S 2 (eL ‘ 5 I
b . S>(Le) ‘?') >
L 2> oS > ] S L) e
’ L>LeS 9
o L >0l S S
.
s3>0 - YT
S 2 eid (

\

trang thai c6 thé thugon 2, 6, 7, 9



Cai dat DFA qua PDA (1)

» PDA: push-down automata — 6tdmat day xudng
> Khéi tao ngan xép: push trang thai 1 (bat dau)
> Tai mdi thoi diém, ngan xép cé dang
(Sl Xl SZ X2 Sn-r Xn-r Sn-l Xn-l Sn)

» Trong do:

— s;: la trang thai cua DFA

— Xt 1a ki hiéu két thic hoac khong két thic (ki hiéu

triwdc dau o)

— s, = 3(s;, x) — chuyén ttr trang thai s, sang s.,, nho ki
hiéu vao x



Cai dat DFA qgua PDA (2)

(S; X; Sy Xy ... S,
» Hoat dong: voi a la ki hiéu vao
— Gat a, chuyén t¢i trang thai svois = §(s,, a) = gat s
(S; X1 S2%, ... Sy Xpr -++ Sppg Xnp Sp@ S)
— Thu gon X ¥ v, chuyén t&i trang thai s voi
* Y - Xn-r Xn-2 Xn-l
© S =0(s,, X) =goto (s, X)
(S; X1 Sp X5 ... S X S)
» DFA + stack = PDA

P Sn)



Cai dat DFA gua PDA (3)

ki hiéu khong két thic

trang
thai

ki hiéu két thic

v

Hanh d6ng, thao tac
tiép theo:

e Gat va chuyén trang
thai, vi du: s3, s5

* Thu gon, vi du: X->vy

Trang thai chuyén toi
khi thu gon, vi du: g4

—

\

bang hanh déng
(action table)

» Bang phan tich LR(k)

Bang chuyén
trang thai
cua DFA

bang chuyén trang thai
(goto table)



Vi du: bang LR(0)

cho van pham danh sach

( ) id , $ S L
1 s3 S2 g4
? S->id S->id S->id S->id S->id
3 s3 S2 g/ g5
4
5 S6 S8
o) S>WL) | S>2ML) | S>ML | S>L) | S>> L)
[ L>S L>S L>S L>S L>S
8 s3 S2 g9
9] L>LS|L>LS|L>LS|L>LS|L>LS




Vi du: str dung bang LR(0) — ((x),y)

suy dan phai

(),
[(QIF
(),
(),
(S,
L,
L,
(GS.y)
L.y)
L.y
@L.y)
L.S
(D),
((®)
S

Y)
Y)
Y)
Y)
Y)
Y)
Y)

ngan Xé&p
1

1(3

1(3(3
1(3(3x2
1(3(3S7
1(3(3L5
1(3(3L5)6
1(3S7
1(3L5
1(3L5,8
1(3L5,8y2
1(3L5,8S9
1(3L5
1(3L5)6

4

Xau vao
((),.y)$
(x),y)$
xX),y)$
).Y)$
).Y)$
).Y)$
,Y)$
,Y)$
,Y)$
y)$

)$

)$

)$

$

$

hanh
gat,
gat,
gat,
thu
thu
gat,
thu
thu
gat,
gat,
thu
thu
gat,
thu
sang

S=>(L)]|id
dang L->S|L,S

chuyén sang 3
chuyén sang 3
chuyén sang 2
gon S—>1id, sang 7
gon L=>S, sang 5
chuyén sang 6
gon S—>(L), sang 7
gon L=>S, sang 5
chuyén sang 8
chuyén sang 2
gon S—>1id, sang 9
gon L->L,S, sang 5
chuyén sang 6
gon S—>(L), sang 4
10 — ch&p nhan



Bang phan tich LR(0)

> Thu gon khi g&p trang théai cé thé thu gon

»Khong can nhin trwéce ti to tiép theo khi thu
gon

> Khi c6 nhiéu san xuat co thé thu gon & cling
MmOt trang thai = xung dot

> Vi du: xung doét gat/thu gon, thu gon/thu gon

khong xung doét xung doét gat/thu gon xung dét thu gon/thu gon

L 2> L, Se E>Ee+S S>Ee
S>Ee E-2>(S)e




Vi du: Van pham biéu thrc cong

»Dé quy tral
DS W | RO)?

»Pé quy phai
35°5 | M LR(0) ?




Vi du: Van pham biéu thrc cong

S > E+S|E
E - sé|(S)
) 3
S’ S eS$ S > E+eS
S>eE+S | g 2 + | S eE+S
S = oE g S 2 eE
E > esd E > esd
E > o(S) E > o(S)
E
1 g2
2 S—->FE




Bang phan tich SLR

>Y twdng: chi thu gon khi t t6 nhin trwdc
nam trong FOLLOW cua ki hiéu khéng két
thic (vé trai cia san xuat)

> MOt s thu gon trong bang LR(0) khéng
con trong bang SLR

>FOLLOW(S) ={), $}

+ $ E
1 g2

2 S2>E




Phan tich LR(1)

> Tan dung hét kha nang phan tich khi nhin
trwdc 1 tw to

>LR(1) = phan tich gat — thu gon v&i 1 ti to
nhin trwdc

>Trang thal LR(1) = trang thai LR(O) + tw to
c6 thé theo sau vé phai san xuat

LR(O) |S > e S+E

LR(1) |S>eS+E +




Trang thai LR(1)

> CAc san xuat gidbng nhau va c6 cung vi tri
cua dau cham (e) dwoc gop lai v&i nhau

S>Se+E
S>Se+E
S>S+eE

+

$

sé

K

S>Se+E +.9$
S>S+eE so

>Bao dong LR(1): V&i san xuat |A = aeBf a

— Thém vao cac san xuatB = ey b

—b e FIRST(Ba) & b ¢ FOLLOW(B)

T

LR(1)

T

SLR



Vi du: Trang thai LR(1)

Bao dong LR(1): V&i san xuat| A > aeBp a

Thém vao cac san xuat B > ey b E z E+S lSE
b € FIRST(Ba) sO | (S)
1
S’ 2 eS $
S 2> eE+S $
E S 2> E e+S +
S 2 eE $ > - » 3
. S>Ee
E - eso $,+
E - ¢(S) $,+
+ $ E
1 92
2 s3 S—>E




Phan tich LALR(1)

> LR(1): C6 qué nhiéu trang thai

» SLR ~ 100 trang thai - LR(1) ~ 1000 trang thai

> Két hop cac trang thai LR(1) cO cac san xuat va
vi tri cla dau cham (e) gidng nhau lai thanh 1
trang thai

> LALR(1) = SLR 7

> CO s trang thai bang SLR

> La ky thuat phan tich thwdng dung trong thuc té



Phan I&p van pham

LR(1)

&



Nhap moén Chwong trinh dich

Hoc ki Il 2006-2007
Bai 8: Phan tich LR (tiép)



Lap trinh b phan tich cu phap

> Trwde day: tw viét bd phan tich cd phéap
»Hién nay: st dung cac trinh sinh b6 phan
tich cu phap. VD: yacc, cup, bison
> u diém:
— S dung phuwong phap phan tich LALR(1)
— Cho phép khai bao tht tw wu tién, két hop
cua cac phép toan
— Ty déng sinh code phan tich cu phép (ké ca
bang phan tich LALR(1))



The tw két hop (1)

> Vi du

S>S+E|E
E->so|(S)

!

E>E+E|(E)]|sb

>Néu st dung phwong phap LALR(1), ta sé
duwoc bd phan tich nhw thé nao ?



The tw két hop (2)

» Xung dot
E>E+E|(E)]|sb

E—>Ee+E +
E>E+Ee + %

mmssslP xung dot gat / thu gon

> gat: 1+((2+3)
1+2J{3 thugon: (1+2)+3



Khai bao cu phap trong CUP

non terminal E; terminal PLUS, LPAREN...
precedence left PLUS;

2 2

Khi gap dau céng, thu gon néu vé phai cé dau cong,
gat neu vé phai khéng c6 dau céng

E..:=EPLUSE
LPAREN E RPAREN
NUMBER ;




Th tv wu tien (1)

> Vi du

E>E+E]|T
T>TxT|so|E)

!

ES>E+E|EXE|(E)|sd




Tho tv wu tien (2)

» Xung dot
E>E+E|EXE|(E)|sd
E>Ee+E E > EexE
E > E XEe E > E + Ee

N 7

xung doét gat / thu gon



Khai bao cu phap trong CUP

precedence left PLUS;
precedence left TIMES; // TIMES > PLUS
E:=EPLUSE|ETIMESE|...

E->Ee+E \

+ ’
E > EXEe Th ty wu tién: Rat gon khi vé phai co ki

hiéu c6 d6 wu tién cao hon ki hiéu nhin

E-S EeXE trwdc, gat néu nguoc lai

E-S>E+Ee X /




Tong két

» Cac chwong trinh sinh bd phan tich cu
phap s dung phwong phap LALR(1)

> Th ty wu tién va két hop cho phép viét
cl phap ngbn ngir dé dang hon

>Van pham ngdn nglr gan v&i cach viét
thong thuwong



Chwong trinh chinh
cua mét chwong trinh dich (1)

class Compiler {

void compile() throws CompileError {
Lexer 1 = new Lexer(input);
Parser p = new Parser(l);
AST tree = p.parse();
// goi l.getToken() dé lay day tu té
i1IT (typeCheck(tree))

IR = genIntermediateCode(tree);

IR.emitCode();



Chwong trinh chinh
cua mét chwong trinh dich (2)

Compiler.compile()

1 I cay cu phap

Parser.parse()

ter t6

Lexer.getToken()

Ky tuw

InputStream.read()




Cay cu phap

> La két qua cua bd phan tich cu phap
>La mot dang thé hién cla chwong trinh
nguodn, cho phéep
— phan tich nglr nghta (kiém tra kiéu)
— t0i wu MmOt phan chwong trinh nguén
— sinh ma trung gian
» Dich = duyét cay cu phap
> Biéu dién cay cu phap bang ngdn ngir
hwong doi twong



Xay dwng cay cu phap

» CAc thao tac xay dwng cay cu phap dwoc gan
vao van pham -
san xuat

» Vidu: CUP
non terminal EXpr expr; ... Ef%mc
expr ::= expr:el PLUS expr:e2 ////// thugen
{: RESULT = new Add(el,e2); :}

» Thao tac dwoc thire hién khi thu gon moét san
Xuat

> Bién RESULT dai dién cho vé trai ctia san xuat

» Cay cu phap duoc xay dwng twe dudi [én



Vi du

non terminal EXpr expr;
expr :-:= expr:el PLUS expr:e2
{: RESULT = new Add(el,e2); :}

> Ngan xép cla bd phan tich ct phap Iwu gia tri RESULT cuda vé tréai

RESULT = new Num(1)

RESULT = new Num(2)

RESULT = new Add(el,e2)

RESULT =e

RESULT = new Num(3)

RESULT = new Add(el,e2)

a + 2)
+ 2)

+ 2)

)

)

)

+ + + + + + + 4+
W W wWwwwwoww




Hwéng doi twong (1)

> Viét |op trivu twong (abstract class) cho cac ki
hiéu khong két thic

> V&I moi sdn xuat viét mét Idp dan xuat
ES>E+E|EXE|(E)]|sd

abstract class Expr { .. } // E

class Add extends Expr { Expr left, right; .. }

class Mult extends Expr { Expr left, right; .. }

// class BinExpr extends Expr { Oper o; Expr I, r; }

class Negate extends Expr { Expr e; ..}
// class UnaryExpr extends Expr { Oper o; Expr e; }



Hwéng doi twong (2)

non terminal EXpr expr;

expr :-:= expr:-el PLUS expr:e2

{: RESULT = new BinaryExpr(plus, el, e2); :}
| expr:zel TIMES expr:e2

{: RESULT = new BinaryExpr(times, el, e2); :}
| MINUS expr:e

{: RESULT = new UnaryExpr(negate, e); :}

| LPAREN expr:e RPAREN

{: RESULT = e; :}

> plus, times, negate: Oper



Phan tich nglr nghia

Chwong trinh nguon

A\ 4

Phan tich tr vieng

— LOi tir vieng

day tir to

A

Phan tich cu phap

— Lb&i cl phap

cay cu phap

A\ 4

Phan tich ngir nghia

Chwong trinh dang: cay
cu phap dieu khién

— L6i ngir nghia



Nhap mon Chwong trinh dich

Hoc ki Il 2006-2007
Bai 09: Phan tich nglr nghia



Nhac viéc

« NOp bai tap lap trinh s6 1: tuan sau



Phan tich nglr nghia

 Tim tat ca cac I6i con lai cGia chwong trinh
nguon
— Khai bao bién
— Kiém tra kiéu (kiéu tinh)

« Thiét |Ap cac thong tin can thiét cho cac
buwdc dich sau do
— Kiéu cua céc biéu thrc
— BO tri d¥ liéu



Kiém tra ngir nghia — dé quy

« Ta da co cay cu phap
— Duyét cay cu phap bang phwong phap dé quy, t&i tham tat ca
cac nut trong cay
— Tai méi nat, xay dwng cac théng tin can thiét (théng tin vé kiéu)

class Add extends Expr {
Expr el, e2;
Type typeCheck() throws SemanticError {
Type tl = el.typeCheck(), t2 = e2.typeCheck();
iIT (t1 == Int && t2 == Int) return Int;
else throw new TypeCheckError(““type error +7);
}
}



Kiém tra kiéu cua tén

class 1d extends Expr {
String name;
Type typeCheck() {
return ?

}
}

« Can lwu gilr thong tin vé kiéu cla cac tén
xuat hién trong pham vi (scope) cua
chwong trinh: bang ki hiéu (symbol table)



Bang ki hiéu

« LA mot tAp hop cac cap tén va kiéu cla
chung
 VD: { x:Int, y: array[string] }

{
int 1, n = e
for (i = 0; i <n; i++) {
boolean b = ...

}

‘ ?

{iint, n:int }

{i:int, n:int, b: boolean }



Cai dat bang ki hiéu (1)

 Bang ki hiéu cho phép kiém tra kiéu cla
cac tén trong chwong trinh

class SymTab {

Type lookup(String 1d) ...

voild add(String 1d, Type binding) ...
}



St dung bang ki hiéu

 Bang ki hiéu la tham sb cua tat ca cac tha tuc kiém tra kiéu
(typeCheck()) tai cac nut

class Id extends Expr {
String name;
Type typeCheck(SymTab s) {

try {
return s.lookup(name);

¥
catch (NotFound exc) {
throw new Undefinedldentifier(this);

}
}
}



Quan ly pham vi bién (scope)

class Add extends Expr {
Expr el, e2;
Type typeCheck(SymTab s) {
Type tl = el.typeCheck(s),
t2 = e2.typeCheck(s);
iIT (t1 == Int && t2 == Int) return Int;
else throw new TypeCheckError(“+’);
}
}

 CAc tén xuat hién trong ciing pham vi phai dwoc
lwu & cung Mot bang ki hiéu
* Vay khi nao ta thém mot tén vao bang ki hiéu?



Quan ly pham vi bién (2)

« Java, C++: cac lénh khai bao bién

e Gia sty day cac cau lénh {stmtl; stmt2;
stmt3...} dwoc biéu dién bang cac nut
trong cay cu phap:

abstract class Stmt { .. }

class Block { Vector/*Stmt*/ stmts; .. }

« MGi khai bao bién 1a mét Iénh:
class Decl extends Stmt {
String 1d; TypeExpr typeExpr; ...



Quan ly pham vi bién (3)

class Block {
Vector stmts;
Type typeCheck(SymTab s) {
Type t;
for (int i = 0; i < stmts_.lengthQ); i++) {
t = stmts[1]-typeCheck(s);
IT (stmts[1] i1nstanceof Decl) {
Decl d = (Decl) stmts[i];
s.add(d.id, d.typeExpr.interpret());

}
}
return t;
}
}



Quan ly pham vi bién (4)

e Khoi phuc lai bang ki hiéu cua pham vi
trwdec do

pham vi ciay

{int x=5; —
he

{inty =1; P}

X = Y;

// cau lénh sai b&i y khéng nam trong cuing pham vi!



Quan ly pham vi bién (4)

class Block {
Vector stmts;
Type typeCheck(SymTab s) {
Type t;
SymTab sl1 = s.clone();
for (int i = 0; i < stmts_.lengthQ); i++) {
t = stmts[1]-typeCheck(sl);
IT (stmts[1] i1nstanceof Decl) {
Decl d = (Decl) stmts[i];
sl.add(d.id, d.typeExpr.interpret());

}
}

return t;

}
1 Céc bién dwoc thém vao pham vi (s1) khéng anh
hwédng den cac doan ma bén ngoai khoi (block)



Cai dat bang ki hiéu (2)

 Qua trinh kiém tra kiéu cling 1a qua trinh xay
dwng bang ki hiéu

— Bang ki hiéu con ding dé lwu trir cac khai béo kiéu,

cac nhan nhay (Iénh break, continue), .

— O cép cao nhét, bang ki hiéu lwu trlr cac blen toan
cuc, cac khai bao kiéu va khai bao module

— O cac cap thap hon, bang ki hiéu dwoc mé rdng
thém nho vao cac Iénh khai bao
e COthé xay dwng lai bang ki hiéu tai moi nut,
nhwng dé tranh phal tinh toan lai, ta nén lwu
bang ki hiéu tai cac nut twong ng



Cai d&t bang ki hiéu (3)

class SymTab {
SymTab parent;
HashMap table;
Object lookup(String 1d) {
iIT (table.get(id) != null) return table.get(id);
else return parent.lookup(id); // can cache..

}

void add(String i1d, Object t)
{ table.add(id,t); }

SymTab(Symtab p)
{ parent = p; } // =clone

}

Str dung kiéu cai dat caa danh séach lién két



Théng tin diéu khién: kiéu

« Luwu trir théng tin vé kiéu tai cac nat (“trang tri” cay cd phap)
abstract class Expr {

protected Type type = null;

public Type typeCheck();

}

class Add extends Expr {
Type typeCheck() {
Type tl = el.typeCheck(), t2 = e2.typeCheck();
iIT (tl == Int && t2 == Int)
{ type = Int; return type; }
else throw new TypeCheckError(“+’);
by
by

e Co6 thé lwu trir bang ki hiéu tai cac nut



Cac buwoc dich = duyét cay cu phap

« Cac buwdc dich khac ciling hoat ddng gidng nhw viéc
kiém tra kiéu
— Thay thé céac hang sb
— Sinh ma trung gian
— T6i wu ma
— Sinh ma may
« Cac buwdc dich nay déu duyét cay cu phap
— tinh da hinh cda lap trinh hwéng doi twong
« Nhan xét
— Ma [&nh cho tirng bwde dich phai viét cho tirng nit trong cay
— Céch duyét cay cu phap gidong nhau (dé quy xudng)



Tong két

 Phan tich nglr nghia = duyét cay cu phap
dé quy xudng

« Quan ly pham vi bién bang bang ki hiéu

« C6 thé tan dung tinh 1&p lai cia cac budc
dich dé viét cac doan ma duyét cay cu
phap tong quat (tinh da hinh)



Nhap mon Chwong trinh dich

Hoc ki Il 2006 — 2007
Bai 10: Biéu thirc kiéu



NOI dung

e Kiém tra kiéu
« Cai dat cac biéu thirc kiéu



Kiém tra kiéu

Cac phep toan doi hoi cac toan hang phai
phu hop kiéu

Céac ham doi hai tham sb phu hop kiéu
L&nh return phai trd vé dung kiéu tra vé
cua ham

Lénh gan doi héi kiéu cda vé phai phu hop
vOi kieu cua vé trai

Lénh khai bao kiéu: typedef, class




Hé thong kiéu (1)

« M6i ngdn ngl 1ap trinh c6 hé thong kiéu
réng

« M6i kiéu la mdt gidi han di¥ liéu

e VD: int =[-23%, 231], char = [-128, 127]

e CAac kiéu di liéu phirc hop dwoc tao tr
cac kieu don gian béi cac biéu thire kiéu
(type expressions, type contructors)

« VD: Int, string, Array[int], Object



Vi du: C++

« Kiéu co ban: int, char, ...
« Kiéu phtrc hop:

INt[100], struct {int a, char b}
« Biéu thirc kiéu:

T 14 kiéu

T[] 1a kiéu v&i moi T



Hé thdng kiéu (2): dinh nghia kiéu

« M6t s6 ngdn nglr cho phép ngudi lap trinh
tw dinh nghia kiéu

e VD: C++
typedef int int_array]| |;
class cView { ... };

e int_array l1a mét kiéu giong vai int[ ]

« C6 thé c6 nhiéu dinh nghia kiéu cla cung
mot kiéu



Biéu thirc kiéu: Mang

M6i ngdn nglr cé6 mot cach dinh nghia mang
Mang khéng gi&i han:

— C/IC++: T[]

Mang co gi&i han

— C/C++/Java: T[L] - L phan ti kiéu T

Mang c6 gidi han trén, dwdi

— Pascal: T[L, U] — danh chi sb t» L dén U

Mang nhiéu chiéu

— C/C++/Java/Pascal



Biéu thirc kiéu: CAu trac

La biéu thire kiéu kha phirc tap
Biéu thire kiéu co dang {id1: T1, 1d2: T2,
.} véiid va T la tén va kiéu cla cac

trwo’ng

Vi du

— C/C++: struct { Int a; float b; } twong rng voI
biéu thire kiéu {a: int, b: float}

Céc kiéu 1&p (Class) la mé& rdng cua kiéu
struct (cho phep thanh vién la ham)



Biéu thirc kiéu: Ham

Ham cho phép nhan nhiéu tham s6 va tra
Vé gia tri

Tham so thir i cé kiéu T, kieu tra la T
Biéu thirc kieu: Ty X T, X ... T, > T

Vi du: int f(int, char) twong (ng véi bieu
thtre kiéu Int X char = Int

Trong C++/Java, can mé réng biéu thirc
kieu cua ham dé co thé tra lai ngoai |é



Cai dat kiéu (1)

« Cai dat Iop triru twong Type 1A I&p co sé cla tat
ca cac kiéu

abstract class Type {
abstract boolean operator ==(Type t);

}

« Mbi kiéu dwoc dai dién bang mét I&p dan xuat
class BaseType extends Type { String name; }
static BaseType Int, Char, Float, ..

class lotaClass extends Type { .. }

class ArrayType extends Type { Type elemType; }



Cai dat kiéu (2)

e int[ ] dwoc dai dién b&i mot doi twong kiéu, bat
ké dwoc dinh nghia kiéu nhw thé nao
— typedef int int_array] |;
— typedef int int_Array] |;
e Phan tich nglr nghia
— Xay dwng dbi twong kiéu tr cac biéu thirc kiéu
— Gan cac tén voi doi twong kiéu twong rng
— C6 thé xay dwng kiéu gidng nhw khi xay dwng cay cu
phap (VD: dwa vao dinh nghia van pham trong CUP)
 Kiém tra kiéu: bang céch cai dat toan t» ==
trong I&p Type



Nhap mon Chwong trinh dich

Hoc ki Il 2006 - 2007
Bai 11: Luat nglr nghia



Luat nglr nghta

» Bang ki hiéu > danh dau céc tén va cac
Kieu

e Biéu thire kiu > mo ta cach tao thanh
cac kieu

e Lam thé nao dé mo ta viéc kiém tra kiéu

— Dung luat nglr nghia

« Luat ngl» nghia dinh nghia kiéu cla cac
nut trong cay cu phap



Luat nglr nghta

Luat nglr nghia cho phép danh gié kiéu cua céac
nut trong cay cu phap

Vi du:

E:T Nt E co kiéu T
2 :int nat 2 co kiéu int
2+ (3+4):int

true : bool

*hello” : string
If (b) 2 else 3 :int



Panh gia kiéu
If (b) 2 else 3 :iInt

« Lam thé ndo dé danh gia biéu thec trén cé
KIEU Int ?

b phai c6 kiéu bool (b: bool)
2 phai co kiéu int (2: int)
3 phai co kiéu int (3: int)




Panh gia kiéu

» Taviet: A FE: T
—nghta la: trong nglr canh A (bang ki hiéu) thi
bieuthirc Ecokieu T
— Vi du:
b : bool, x:int b : bool
b :bool, x:int |Fif (b) 2 else x: Int
F2+2:int




Panh gia kiéu

« Dé danh gia
b : bool, x :int |if (b) 2 else x : int
e Phai danh gia duwoc

0 .
0 .

000
000

0 .

000

X o nt
X o nt
X o nt

- b : bool
- 2 0 Int

- X o Int



Luat nglr nghta

 V&i moi nglr canh A, biéu thirc E, Iénh S,
va lénh S, ta co luat nglr nghia

A Fif(E)S;elseS,: T
|a dang néu

A I E : bool
ArS;:T

ArS,: T




Viét luat nglr nghia

Tién dé

/\
- N

A FE:bool A}FS:T AF}S,:T

(tén luat)

A }if(E)Slelse S2: T
N _
~

Két luan




Viét luat nglr nghia

« Cho phép mé ta chinh xac, ngan gon cach
danh gia kiéu

e Luat nglr nghia dworc viét cho tirng nut
cUa cay hodc tirng sdn xuat clia van pham

« Danh gia kiéu (kiém tra kiéu) la qué trinh
lan ngwoc cay cu phap dwa vao cac luat



Vi du

AFE :int  A}E,:int

_ (+)
A FE, +E,:int




Cai dat luat nglr nghia

e Cai dat bang cach lan ngwoc lai theo luat

class Add extends Expr {
Expr el, e2;

T = E.typeCheck(A)
SAFE:T

Type typeCheck(SymTab A) {
Type tl = el.typeCheck(A),
t2 = e2.typeCheck(A);

IT (tl == Int && t2 == Int) return Int;
else throw new TypeCheckError(““+);

}

} AFE, :int  A}E,:in

t

A FE, +E,:int

(+)




Luat nglr nghta

* Luat nglr nghta dung v&i moi gia tri cua
cac bién trong luat

e Luat nglr nghia khoéng c6 tién dé: tién deé

» Cung mét két luan c6 thé co nhiéu cach
chirng minh (nhiéu luat co cung két luan)



Luat ngr nghta: lenh While
« V@i cac Iénh khong c6 kiéu, ta dwa vao
mét kiéu gid - unit (unit = co kiéu dang)
A }E : bool
AFS:T
A | while (E) S : unit

(while)



Luat ngr nghia: lenh If

A | E: bool
AFS:T
A Fif (E) S : unit

(If)



Luat nglr nghta: [énh gan
AFid:T
AFE:T
AFid=E:T

(Assign)

A LFE;:Array[T]
A }E,:int
AFE;:T

A FEE)]=E;: T

(Array assign)



Nhap mon Chwong trinh dich

Hoc ki Il 2006 — 2007
Bai 12: Luat nglr nghia (tiép)



Luat ng» nghia: day lenh (block)

o Luat; mét day lIénh co kiéu dung néu lénh
dau tién co kiéu dung va day lénh sau do
cting co kiéu dung.

ALS T,
ALF(S, Ss ... S,): T,
AL, S, ... S):T,

(block)

e Lam thé nao néu S, la lénh khai bao?



Luat ng» nghia: day lenh (block)

A FTid: T, (&nh khai b4o)
Aid:T }(S, S; ...S,): T,
AF(Tid, S, ...S,): T,

« Luat nay mo td doan ma kiém tra kiéu cla
day I&nh (bai 10)

(decl. block)



Cai dat luat nglr nghia
cho day lenh

class Block {
Stmt stmts|];
Type typeCheck(SymTab s) {
Type t;
for (aint 1 = 0; 1 < stmts.length; 1++) {
t = stmts[1]-typeCheck(s);
IT (stmts[1] i1nstanceof Decl) {
Decl d = (Decl)stmts[i];
S = s.add(d.i1d, d.type.interpret());

}

}
return t; A FTid: T, (Ienh khai b&o)

\ ¥ Aid:T F(S, S ...S): T,

AFTid, S, ..S):T,

(decl. block)



Luat nglr nghia: lo1 goi ham

« Néu E la mét ham co kiéu
E:T, XT,x...xT, 2T,
e T, la kiéu cta tham so, T, la kiéu tra vé
e Luat nglr nghia cho lo1 goi ham
E(E.,E,, ... E)

AFE: T, XT,x..xT,>T,

ArE:T (=1,2,..
|_ SR " (func. call)

A FEE,E, ..E):T,



Luat nglr nghta: dinh nghia ham

e C/C++: ham dworc viét dwdi dang
T, f(Tla,, .. T, a,)
{.

return E;

}
« Kiéu cua E phaila T,, nhwng trong ngiy
canh (bang ki hiéu) nao?



Luat nglr nghta: dinh nghia ham

e Gia st A la nglr canh bao quanh dinh
nghia ham f
« Dinh nghia ham f co kiéu dung néu
Aa, Ty, ....a,:T, FE:T,



Vi du: ham dé quy

int fact(int x) { A L'Xl_i:t__Ao tgolint

if ‘M
else return Ao FLiin

¥
A, = ffact: int > it} \
A, = {fact: Int = Int, X : Int}

A, Fx:int A, F1:int

A, }fact:int > int A, Fx-1:int

A, |x:int
A, | fact(x-1) : int

A, | x*fact(x-1) : int



Luat nglr nghia: Iénh return

AFE:T
A F return E : unit

 Kiém tra kiéu cua lénh return: E phai co
kiéu la kiéu tra vé cua ham (tecla T =T))

e Lé&nh return c6 kiéu unit (c6 kiéu dung)
neuT =T,



Luat nglr nghia: Iénh return

 Thém mét dong {return: T } vao bang ki
hiéu
« Kiém tra kiéu cla return (T,) c6 giong kiéu
cua E khéng?
e Tém lai, ta c6 luat nglr nghia cua dinh
nghia ham va lénh return:
Aa, T, ...,a,:T,retunT, FE:T,
A, FE:T, A freturn: T
A, | return E : unit




Xay dwng bo luat nglr nghta

Céc luat nglr nghia khac déu viét twong tw nhuw
cac luat da hoc

BO luat ngly nghla cho phéep danh gia mot
chwong trinh co kiéu ding hay khéng

Céch viét: theo kiéu quy nap

— Viét cac luat tién dé

— V&i moi nlt (sén xuat) trong cay cu phap viét luat ngr
nghia cho nut doé tr cac luat nhé hon

Nhuw vay, bo luat nglr nghta cho phep kiém tra
kiéu ctia mot chwong trinh viét dung cu phap va
viéc kiém tra ludn luén dirng



Nhap mon Chwong trinh dich

Hoc ki 1l 2006-2007
Bai 13: Sinh ma trung gian



MO ta cac budc dich (1)

M& nguon (day céac ki tw)
IT (a == 0) min = a;

Day céac tw td (token)

Phan tich tw vwng

IT|(|1d:a|==|0|)|ld:min|=|1d:a];

Cay cu phap / \'\
/ NN

O min a
Cay cl phap diéu khién S f

boolean - |nt

/\ /\.m

Int _

lvalue

Phan tich cu phap

Phan tich ngir nghia




MO ta cac budc dich (2)
/\

boolean -

/\ /\.m

Int _

lvalue

SEQUCINP(TENP(a) == 0. LL. L2).
LABEL(L1),

TEMP(min) = TEMP(Q)
LABEL(L2))

|nt Sinh ma trung gian

cmp rb, O PR
L o cmp ecx, O

L1: mov ra, rb
L o- cmovz edx,ecx




Ngon nglr trung gian

* La ngon nglr cho mét loal may troru twrong

e Cho pheép sinh ma khong phu thubc vao
may dich

 Cho phép t6i wu ma trwédce khi sinh ma
may that sy

Pentium

+ » Java bytecode
thdng tin diéu khién

AMD



Ngon nglr trung gian

e Dé sinh ratly cay ci phap ¥ pflép (>40 it

o Dé sinh ma mé.y Ma trung gian (13 nat)
V4 ~ > l
) SO IU’Q’ng Ienh nhO, gon Pentium (>200 Iénh)
— Dé t61 wu ma

— Dé chuyén sang loai ma may
Khac




Ngon nglr trung gian

MOt dang thé hién cua Chwo’ng trinh nam
giba cay cu phap diéu khién va ma may

e St dung
— Lénh nhay
— Thanh ghi
— Vi tri trén bé nh&
Toi wu ma

Pentium
Cay cu phap m /
+ —+ Matrung

» Java bytecode

thong tin diéu khién gian \
AMD




MOt ngon ng trung gian

* IR (Intermediate Representation) 1a mét cay thé
hién cac Iénh caa moét loai may triru twong

* Nut Iénh khéng tra lai gia tri, dwoc thwc hién
theo thi tw nhat dinh
— Vi du: MOVE, SEQ, CJUMP

« NUt biéu thire tra lai gié tri, cac ndt con cé thé
thuwc hién theo th tw bat ki
— Vi du: ADD, SUB
— Cho phép t6i wu ma



MO ta cac nut biéu thire cia IR

CONST(i): hang sb nguyén i

TEMP(t): thanh ghi t, may triru twong co vo han thanh
ghi.

OP(e,, e,): cac phép toan

— Sb hoc: ADD, SUB, MUL, DIV, MOD

— Logic: AND, OR, XOR, LSHIFT, RSHIFT

— So sanh: EQ, NEQ, LT, GT, LEQ, GEQ

MEM(e): gia tri bd nhé & vi tri e

CALL(f, a,, a,, ...): gia tri ctia ham f v&i cac tham so a,,
ai, ...

NAME(n): dia chi cda lénh hoac dir liéu cé tén la n
ESEQ(s, e): gia tri cua e sau khi lénh s dwoc thwe hién



CONST

« NUt CONST dai dién cho hang sé

CONST(i)

e Gidtricuanutlai



TEMP

Nut TEMP dai dién cho mét thanh

ghi trong sO vo han cac thanh ghi \
cua may trieu twong TEMP(t)
CAac bién cuc bd va cac bién tam

Pé dé viét, ky hiéu FP = TEMP(FP)

|a dia chi bat dau bd nh& cia ham

Gia tri cua nut la gia tri caa thanh

ghi tai thoi diém tinh toén



Toan tw

May triru twong c6 nhiéu phép toan

\
/7
€ €,
Tinh gia tri cua e, va e,, sau do ap dung phep
toan voi cac gia tri nay
e, va e, phai la hai nut co6 gia tri
C6 thé tinh gia tri e, va e, theo the tw bat ki

OP(e,, e,)



MEM

 Nut MEM dai dién cho mét vi tri trong b6
nho

e Giatri cua nut la gia trj tai vi tri e trong b6
nho

MEM(e)



CALL

 Nut CALL dai dién cho mét |o1 gol ham

CALL(ey, eO e...) CALL

— AN

Dia chi cia ham Tham sb
e €,e.e,

* Khong dinh nghla cach cai dat viéc truyén
tham so, quan Iy ngan xép

e Giatri cua nut la gia tri cia ham



NAME

 NUt NAME dai dién cho dia chi cua mot
tén trén bo nho

e VD: dia chi cua mdt nhan nhay

NAME(n)



ESEQ

« NUt ESEQ tinh toan gié tri cGa biéu thirc e
sau khi thwc hién Iénh s

ESEQ(s, e) ESEQ

/A

S e



Mo ta cac nut lénh cua IR

MOVE(dest, e): chuyén gia tri cla e vao dest
EXP(e): tinh toan gia tri cla e, khéng can lvu lai
két qua

SEQ(S4, Sy, ... S,): thwe hién cac Iénh theo thw
W

JUMP(e): nhdy dén dia chi e

CJUMP(e, I, I,): nhay dén I, ho&c |, tuy thudc
vao gia trj cua e la true hoac false

LABEL(n): tao ra nhan cd tén n



7 n = 0;
\Vll (jlj while (n < 10) {
) n=n+1;

SEQ( ¥

MOVE(TEMP(n), CONST(0)),

LABEL (HEAD),

CIJUMP(LT(TEMP(n), CONST(10)), NAME(BODY), NAME(END)),
LABEL (BODY)),

MOVE(TEMP(n), ADD(TEMP(n), CONST(1))),

JUMP (NAME (HEAD)),

LABEL (END)

) SPQ . ——
- T
MOVE LABEL(HEAD) CJUMP LABEL(BODY) MOVE JUMP  LABEL(END)

T | AN
TEMP(n) CONST(0) LT NAME(BODY) NAME(END)/ \ NAME(HEAD)
_— |
TEMP(n) CONST(10) TEMP(n) ADD

/\

TEMP(n) CONST(1)



Cau tric cia IR

GOc cua cay la mot nat 1énh

CAc nut biéu thire nam dwdi nit 1énh

Chi c6 nut biéu thirc ESEQ c6 nit [énh
nam duwoi

C6 thé duyét cay IR dé chay chwong trinh



Sinh cay IR (ma trung gian)

* Ky thuat: phwong phap dich st dung cu
phép diéu khién (giong kiém tra kiéu)

« Chuyén cay cu phap diéu khién thanh cay
IR

« MOi cay con cua cay cli phap duoc
chuyén thanh mét cay con dang IR ¢
cung gia tri



Sinh cay IR

« Giong kiém tra kiéu: thém mot phwong
thirc vao nut twong wng trong cay cu phap
abstract class ASTNode {
IRNode translate(SymTab A) { .. }

by
« Cai dat kiéu dé quy
 Van dé: giong nhw kiém tra kiéu, can mo
ta chinh xac cach viét ham translate()



Biéu thirc

« C&c nlt cla cay cu phap thé hién biéu
thirc dwoc chuyén thanh nut IR twong rng

ADD

/N

+
/
€ €, le,] [e)]

« Ki hiéu [e] 1a biéu dién IR cla nut e trong
cay cu phap

"



N

Cau lénh

» D&y céc Iénh duoc biéu dién bang nat
SEQ trong bieu dién IR

« Néu [s,] va[s,] la biéu dién IR cla nit s,
va s,

e thi SEQ([s,], [S,]) 1& biéu dién IR cla s;; S,

\
sl; s2 ‘ /SE(i

[s.] [s)]



Bién

« Bién cuc bd v chuyén thanh nut TEMP(v)

e Tham so thr i nam & vij tri
MEM(ADD(FP,4%i+4))

Stack
v ‘ arg n-1
TEMP(v)
’ arg 1
arg 0
MEM return addr
FP >
ADD SS —
VRN

FP  CONST(4*i+4)



Phép gan

e Phép gan v = e chuyén thanh nut
MOVE(dest, [e]) v&i dest |a dia chi cua v,
[e] |a biéu dién IR cua e

* Vi du MOVE
X=2 ‘ MEM CONST(2)
|
ADD
VRN

FP  CONST(8)



V4

Phép gan

e Cach dich MOVE

le,] le,]

 Van dé: nat MOVE khodng co gia tri, lam
thé nao dé dich x = (y = 2)?

ESEQ

o m /< e

le,] [e,]



Phép gan

« Nhw vay, [e,] phai chay 2 lan, can lwu lai

gia tri cua [e] o

RN

SEQ TEMP(t,)

ST
. m

MOVE MOVE

NN

TEMP(t,) el [ey] TEMP(t,)



Nhap mon Chwong trinh dich

Hoc ki Il 2006-2007
Bai 14: Sinh ma trung gian (tiép)



Sinh ma trung gian

S dung cl phap diéu khién (gidbng kiém
tra kiéu)

e Sinh ma cac nat biéu thirc hodc nit I1énh
dwa vao ma cua cac nut con

 CU phap diéu khién
— M6 ta chinh xac chwong trinh dich can lam gi
— C6 thé cai dat dé dang
— CO thé chirng minh tinh dung cda chwong

trinh dich



Sinh ma Iénh if

-

CJUMP LABEL(t) [s]  LABEL()

AN

[e] NAME(t) NAME(®)

CIJUMP([e], t, f)
t: [s]
f:

[if (€) s] = SEQ( CIUMP([e], NAME(t), NAME(f)), LABEL(t), [s], LABEL(f) )



Sinh ma lénh if-else

CJUMP([e], t, f)
t: [s,]
JUMP end

SEQ f: [s,]
end:

if (e) s, else s,

CJUMP LABEL(t) [si] JUMP LABEL(f) s, LABEL(end)

AN

[e] NAME(t) NAME() NAME(end)

[if (e) s, else s,] = SEQ( CIJUMP([e], NAME(t), NAME(f)), LABEL(t), [s,].
JUMP(NAME(end)), LABEL(f), [s,], LABEL(end))



Sinh ma lénh while

loop: CJUMP([e], t, f)
t: [s]

JUMP loop

SEQ f:

while (e) s

LABEL(loop) CJUMP LABEL(t) [S] JUMP LABEL(f)

SN

[e] NAME(t) NAME(®) NAME(loop)

[while (e) s] = SEQ( LABEL (loop), CJUMP([e], NAME(t), NAME(f)),
LABEL(t), [s], JUMP(NAME(loop)), LABEL(f) )



Cai dat

abstract class Node {
abstract IRnode translate(); ..

}
// if (e) s = SEQ(CJUMP(e, t, F), LABEL(t), s, LABEL(F ))

class IfNode extends Node { ..
IRnode translate() {
SegNode ret = new SEQQ);
ret.append(new CJUMP(e.translate(), “t”, “f”));
ret.append(new LABEL(*€’));
ret.append(s.translate());
ret.append(new LABEL(*“f’));
return ret;



Trwdng hop co nhiéu cach dich

vV=¢€

Dang biéu thire: E[e] = ESEQ Dang cau lénh: S[e] =

SEé///// \\\}EMPG) //)MOVE\\\
- \ V] ]

MOVE MOVE

/\ /\

TEMP(t,) TEMP(t,)



Cai dat

abstract class Node { ...
abstract IRnode translateE();
abstract IRnode translateS();
abstract IRnode translateC(); ..
+
class Assignment {
Expr variable, value;
IRnode translateS() {
return new MOVE(variable.translateE(),
value.translateE());
+
IRnode translateE() {
TEMP t = freshTemp(); // new TEMPQ

return new ESEQ(new SEQ(new MOVE(t, value.translateE()),

0);

new MOVE(variable._translateE(), t)),



MOt sO ki hiéu

 E[e]: cay IR (biéu thic) tra lai gia tri cla
bieu thuc e

e S[s]: cay IR (cau Iénh) lam cac cong viéc
cua lénh s

e Cle, I,, ] v&i e la biéu thire logic: cay IR
nhay dén nhan |, néu e dung (true), nhay
dén nhan |, néu e sai (false).



n

Cac Iénh da mo ta

V] = TEMP(V)

e; +e,] = ADD([e,], [e;])

v = e] = MOVE(]v], [e])

v = e] = ESEQ(SEQ(MOVE(TEMP(t), e),
MOVE(v, TEMP(t))), TEMP(t))

SJ[if (e) s] = SEQ(...)

if (e) s, elses,] = ...

while (e) s] = ...

e o o o
m O Im [m




Sinh ma ham

Gia str than ham la 1énh s v&i ma IR |a S[s]

Lam thé ndo dé sinh ma cho Iénh return?

Y twéng: thém vao mét bién RV (return value)

va mot nhan & cudi ham

Ham c6 thé dwoc dich sang ma sau
SEQ(S[s], LABEL(epilogue))

Lénh return e c6 thé dwoc dich sang ma sau

S[return e] = SEQ(MOVE(TEMP(RV), E|e]),
JUMP(NAME(epilogue)))



Biéu thirc logic

e Vidu:e, &e,
e CO nhiéu céach tinh
— S dung toan t&r c6 san:
Ele, & e,] = AND([e,], [e,])
— Tw tinh toan
ESEQ(SEQ(MOVE(TEMP(x), 0),
CJUMP([el], t1, no_set),
LABEL(t1),
CJUMP([e2], t2, no_set)
LABEL(t2),
MOVE(TEMP(x), 1),
LABEL(no_set)),
TEMP(X)



Biéu thirc logic trong
cau lénh diéu kién
[if (€) s] = SEQ( CJUMP([e], NAME(t), NAME(f)), LABEL(t), [s], LABEL(f) )

[if (e, & e,) s] = SEQ( CIJUMP([e, & e,], NAME(t), NAME(f)),
LABEL(t), [s], LABEL(f))
= SEQ(CJUMP(ESEQ(SEQ(MOVE(TEMP(x), 0),
CJUMP([el], t1, no_set),
LABEL(t1),

CJUMP([e2], 12, no_set)
MA Iénh toi ! LABEL(t2),
MOVE(TEMP(x), 1),

LABEL(no_set)),
TEMP(x)), NAME(t), NAME(Y)),
LABEL(t), [s], LABEL(f))

s [if (e1 & e2) s] = SEQ(CIUMP([e,], t1, f), LABEL(t1),
Ma lenh tot hon !‘ CJUMP([e,], t2, ), LABEL(t2), [s], LABEL(f))



Bieu thtre logic trong
cau lénh diéu kién

* Y twdng: biéu dién gid tri logic bang nhan nhay

thay vi gia tri dung/sai
« Dinh nghta: C[e, |,,1,] 1a cay IR nhay dén nhan |,

néu e dung va nhay dén nhén |, néu e sal
 CoOng thirc héi quy:

— Cftrue, 1, 1,] = JUMP(NAME(l,))

— C[false, I,, I,] = JUMP(NAME(L,))

— Cle,==e,, I3, I,] = CJUMP(EQ(E[e,], E[e,]), 13, 1)

— Cle,&e,, Iy, 1,] = SEQ(C[e,, t, ], LABEL(Y), Cle,, Iy, 1,])

— va cong thire hdi quy cho cac phép toan quan hé, logic
khac




Biéu thirc logic trong
cau lénh diéu kién
e Cle, I,,] 1a cay IR nhay dén nhan I, néu e ding
va nhay dén nhan |, néu e sai
. Cau lenh if /SEQ\

S[if (e) s] = SEQ(C[e, t, f], LABEL(t), [s], LABEL())
S[if (e, & e,) s] = SEQ(C[e, & e,, t, f], LABEL(Y), SEQ 53

[s], LABEL(f)) / \
S; S,

= SEQ(SEQ(CJey, n, f], LABEL(Nn),

Cle, t, f]),
LABEL(t), [s], LABEL(s)) j—

R # = SEQ(Cley, n. fl, LABEL(n), Cle,, . 1], SEQ
LABEL(t), [s], LABEL(f)) / \ \
S, S, Ss3



Tong két

« CU phap diéu khién md ta cach chuyén
cay cu phap thanh cay IR

* IR kha gidng v&i ma may, tuy nhién
— Cay IR c06 do sau tuy y, ma may la cac lénh

ké tiép n
—Cay IR c
cactac o

Nau

ho phép thwe hién cac biéu thirc co
ung phu (VD: ESEQ, CALL)

— CJUMP bat budc phai cé 2 nhan nhay

e Budi sau:

lam phang cay IR



Nhap mon Chwong trinh dich

Hoc ki Il 2006 — 2007
Bai 15: Lam phang cay IR



Lam phang cay IR

Cay IR van con cau tric dé quy cla cay
cu phap

M& may la moét day lién tiép cac 1énh
Can lam phang cay IR (dwa vé cay c6 do
cao bang 1) trwdc khi sinh ma

O dang phang, cac lénh dwoc dwa dén sat
goc cua cay



Dang IR phang

 Chi cé mét nat SEQ lam gobc cua cay IR
N
« M6t ham dwoc biéu dién dwdi dang
SEQ(S,, Sy, --- Sp)
 C6 thé dich thanh ma may bang cach dich
lan lwot s,, S, ..., S, roi ndi ma lai voi
nhau.



Dang IR phang

* Y twdng: viét lai cay IR nhwng lwoc bot
cac cau tric khong thich hop v&i viéc sinh
ma may
— Céc cay con hiéu thrc
— Céc cay con v6i goc la ESEQ hodc CALL

- triét tieu ESEQ va chuyén CALL vé go6c



Vi du: khong co nut ESEQ

« ESEQ cho phép tinh biéu thirc sau khi
thwc hién Iénh

ESEQ

/ N\

e Vidu: S[x=a[i=i+1];]="7
« O dang IR phang: S[i =i + 1]; S[x = a[i]];



Vi du: cac Iénh CALL

 Can chuyén céc lénh CALL vé gan goc
cua cay IR

e CO hailoai CALL
— Can lwu gié tri: MOVE(TEMP(t), CALL(...))
— Khéng can Iwu gié tri: EXP(CALL(...))

SEQ SEQ
PN PN
" MOVE - . EXp -
PN |

TEMP(t) CALL(...) CALL(...)



Dang IR phang

« O dang phang, cac nut con cta gbc chi co cac
dang
— MOVE(dest, e)
— MOVE(TEMP(t), CALL(...))
— EXP(CALL(...))
— JUMP(e)
— CJUMP(e, I, 1,)
— LABEL())
« C6 thé dé dang chuyén thanh ma may
o Ki hiéu J[s] Ia dang phang cla cay IR s



MOVE

Vi du:

/ . lam phing

TEMP(X)

ali = f(y)]
| = f(y)

[

[

[

|

L

|
-
|
\
\

-~ MEM ™~

\\ N\ R
AN CE l
~N
AN
\\A
~
N
~

ADD

/ \TEMP(tl)

" MOVE MOVE
“TEMP(t,) CALL  TEMP(i) TEMP(,)
- NAME(f) TEMP(y)

T T —
—_—_———



Vi du: Lam phang cay IR

SEQ
N T
MOVE MOVE MOVE
S 7N RN
TEMP(t,) CALL TEMP() TEMP(t,) TEMP(x) MEM
\\\\ ‘
NAME(f) TEMP(y) ADD
/ \
TEMP(a) MUL
N\
CONST(4) TEMP(t,)
push y move i, ti move X, [a + i * 4]

call f
move tl, rv



Vi du: Lam phang lénh ESEQ

« Chuyén cac lénh ESEQ vé goc dé co thé
chuyén thanh 1&énh SEQ

e Y twdng: s& dung cu phap diéu khién tai
cac nut cua cay IR dé duwa ESEQ vé goc



CU phap diéu khién: ESEQ

« ESEQ(S,, ESEQ(S,, €)) 2 ESEQ(SEQ(S,,
S,), €)

* MOVE(ESEQ(s,, ), dest) > SEQ(s,,
MOVE(e, dest))

« OP(ESEQ(s, e,), e,) 2 ESEQ(s, OP(e,,
e,))

 OP(e,, ESEQ(S, e,)) 2 ESEQ(s, OP(e,,
e,))



Lam phang IR: 1énh ESEQ

« Sau khi chuyén cac Iénh ESEQ dén goc
cua cay IR SEO
P IR
7 eseo -

/\

SEQ

//\

S S

 C6 thé thay ca lénh ESEQ bang

SEQ

// \ tai sao?

S S



Cal dat

class CanonicalExpr {
IRStmt[ ] pre_stmts;
IREXpr expr;

¥

class CanonicalStmt {
IRStmt[ ] stmts;

}

abstract class IRExpr { CanonicalExpr simplify(); }
abstract class IRStmt { CanonicalStmt simplify( ); }



Cal dat

Can cai dat 2 ham simplify

- Jle]: tra lai day cac |énh (s, s,, ..., s,) va
bieu thirc €’ (da phang hoa) sao cho thwc
hién lién tiép s,, ... s, roi tinh e’ twong
duong vl ma IR tinh e (IRExpr.simplify)

» J[s]: tra lai day cac lénh (s,, ... s,) (da
phang hoa) sao cho thyc hién lién tiép s,,
... S, twong dwong vol ma IR s
(IRStmt.simplify)



Cu phap diéu khién (phang hoa)

« Muc tiéu: dinh nghia ct phap diéu khién
J[e] va J[s] cho tat ca 13 nut cla cay IR.
e 4 trwdng hop don gian:
— J[CONST(i)] = (): CONST(i)
— JINAME(Nn)] = (); NAME(n)
— J[TEMP(t)] = (); TEMP(t)
— JILABEL()] = LABEL(l)
* 4 |&nh trén da & dang phang




CU phap diéu khién

« JUMP(e), CJUMP(e, I, 1), MEM(e)
— Can phang hoé e truédc
« Viét dwdi dang luat




CU phap diéu khién: ESEQ

 Lam thé nao dé phang hod ESEQ(s, e)

Jle]= (s, Sy---, S,); €
JIESEQ(s, e)] = (s, Sy, Sy,..., S,); €

« D3 phang chwa?



CU phap diéu khién: ESEQ
e Can phang hoadcas
e Luat phang hoa ESEQ(s, e)

Jle]= (s, Sy---, S,); €

J[s] = (s1, 85+ 8p)

JIESEQ(s, e)] = (s;, S,',--+, S;,'s Sy Spy---s Sp); €



CU phap diéu khién: SEQ

« Phang hoa SEQ(s;, s,)
« NOi cac lénh clia s, va s, lai

J[si] = (s1, S5---, Sp)




CU phap diéu khién: EXP

 Nut EXP(e) khong lwu gia tri cua e
e Luat:

Jle]= (s, Sy---, S,); €
JIEXP(e)] = (s, Syi---5 S;)




Ca phap diéu khién: OP

S;y Sy, s.’); OP(e/, &)

o Luat nay da thé hién dung y do clia nguoi
lap trinh chwa?



Ca phap diéu khién: OP

« Néu s, lam thay doi e, sé lam thay doi y do cua
nguol lap trinh
« Can lwu lai gia tri cha e, trwédce khi tinh s,

J[OP(e,, ,)] = (S;, Sy -, s, MOVE(TEMP(t), e,), s;’, S,,..., S.);
OP(TEMP(1), e,)
« TOt, nhung:
— Canthém 1 bién't
— Khong cho phép tinh OP(e,’, e,’) trong mot phep tinh



CU phap diéu khién: CALL

J[ed = (S, Sp--05 Sp); €

J[CALL(e;, )] = (Sy, Sps--+y Siy S1'3 Sy s, MOVE(TEMP(t), CALL(e{, e,));
TEMP(1)



Cu phap diéu khién: MOVE

Jldest] = (s;, S,,..., s,); d

JIMOVE(dest, e)] = (s,’, S,s.., s, MOVE(TEMP(t), €’), s, S,,..., S,
MOVE(d’, TEMP(t)))



Tong két

S dung cu phap diéu khién dé thiét ké
cac ham chuyén cay IR vé dang phang

« Cai dat cac ham IRExpr.simplify va
IRStmt.simplify

 Dang IR phang: cac Iénh dwoc xép lién
tiép nhau, san sang dé dich ra ma may



