CHUONG 5 BIEN DICH DU'A CU PHAP.

1. MUC PICH, NHIEM VU.

- Céc hanh d6ng dich phu thudc rat nhiéu vao ct phép cua chuong trinh ngudn
can dich.Qua trinh dich duoc diéu khién theo cdu tric ca phap cua chuong
trinh ngudn, ¢t phap nay dugc xac dinh thong qua bd phan tich ct phép.

- Nham diéu khién cac phan hoat dong theo cti phap, cach thuong dung l1a gia
cd cac luat san xuat ( ma ta biét cy thé nhirg luat ndo va thir tu thuc hién ra
sao thong qua cdy phan tich) bang cach thém cac thudc tinh cho van pham
day, va cac qui tac sinh thudc tinh gan voi timg ludt ¢t phap. Cac qui tic do,
ta goi 13 qui tic ngit nghia (semantic rules).

- thuc hién cac qui tic ngir nghia d6 s& cho thong tin vé ngit nghia, dung dé
kiém tra kiéu, luu théng tin vao bang ky hiéu va sinh ma trung gian.

- €06 hai tiép can dé lién két (dic ta) cac qui tic ngir nghia vao cac ludt ca phap
(san xuat) 1a ct phap diéu khién (syntax-directed definition) va luoc do dich
(translation scheme).

- Céc luat ngir nghia con ¢6 cac hanh dong phu (ngoai vi¢c sinh thudc tinh cho
cac ky hi¢u van pham trong san xuét) nhu in ra mét gia tri hodc cap nhat mot
bién tqém cuc. ‘ ‘ ,

Cac kién thirc trong phan nay khong nam trong khoi chirc nang riéng ré ndo cua chuwong
trinh dich ma dwoc dung lam co so cho toan bo cac khoi nam sau khoi phan tich cu phap.

Mot xdu vao — Cdy phan tich - Do thi phu thuoc - thur twdanh gia cho cac ludt ngi
nghia.

2. PINH NGHIA CU PHAP PIEU KHIEN.

Ci phap diéu khién (syntax-directed definition) 1a mot dang tong quét hod cia
van pham phi ngit canh, trong d6 mdi ky hiéu van pham c6 mdt tap thudc tinh di
kém, duoc chia thanh 2 tip con 1a thudc tinh tong hop (synthesized attribute) va
thudc tinh ké thira (inherited attribute) ctia ky hiéu van pham do.

Mot cay phan tich cti phap co trinh bay céac gia tri ctia cac thudc tinh tai moi
nut dugc goi 1a cdy phan tich ci phap cé chu giai (hay goi 1a cay phan tich danh
dau) (annotated parse tree).

2.1. Cui phap diéu khién.
2.1.1. Dang ciia dinh nghia cii phdp diéu khién.

Trong mdi cu phap diéu khién, mdi san xuit A->0 c6 thé duoc lién két véi
mot tap cac qui tac ngit nghia c6 dang b = f(c,, . . .,ci) v6i £ 1a mot ham va
a) b la mot thudc tinh téng hop cua A, con cy, . . .,ck 1a cac thudc tinh cua cac ky
hiéu trong san xuat d6. Hoic
b) b la mot thudc tinh ké thira ciia mot trong nhitng ky hi¢u & vé phai cta san
xuét, con ci, . . . ,c 1a thudc tinh cua cac ky hi¢u van pham.



Ta noi la thudc tinh b phu thudc vao cac thudc tinh ¢y, . . .,cx

- M6t van pham thudc tinh (Attribute Grammar) 14 mot ct phap diéu khién
ma cac luat nglr nghia khong c6 hanh dong phu.
Vi du: Sau day la van pham cho m{t chuong trinh may tinh bo tui vé1 val 1a mot
thudc tinh biéu dién gié tri cua ky hiéu van pham.

S4n xuét Luat ngir nghia
L->En Print(E.val)

E>E +T E.val = E;.val + T.val
E>T E.val = T.val

T->T, *F T.val = T,.val * F.val
T->F T.val = F.val
F->(E) F.val = E.val

F > digit F.val = digit.lexval

Tir t6 digit c6 thudc tinh Lexval: la gid tri cua digit dé dwoc tinh nho b phan tich tir vung. Ki
hiéu n : xuong dong, Print : in két qua ra man hinh.

2.1.2. Thuc tinh tong hop.

Trén mot cdy phan tich, thudc tinh tong hop dugc tinh dya vao cac thude ¢
cac nut con cua nut do, hay noi cach khac thugc tinh téng hop duoc tinh cho cac ky
hiéu & vé trai ciia san xut va tinh dua vao thudc tinh cta cac ky hi¢u ¢ vé phai.

Mot ¢t phap diéu khién chi sir dung cac thudc tinh tong hop dugc goi 1a ci
phap diéu khién thuan tinh S (S-attribute definition).

Mot cay phan tich cho van pham cu phap dleu khién thudn tinh S c6 thé thuc
hién cac luat ngit nghia theo hudng tir 14 dén gbc va co thé sir dung trong phuong
phéap phan tich LR.

Vidu: v& cay cho dau vao: 3*4+4n

0@@

vidu I

Chung ta duyét va thuc hién cac hanh
dong ngir nghia cua vi du trén theo dé¢ qui

§>

trén xuong: khi gap mot nut ta sé thuc

hién tinh thugc tinh tong hop ciia cdc

con ciia né roi thwc hién hanh dong ngir

nghia trén mit d6. N6i cach khdc, khi phdn tich cii phdp theo kiéu bottom-up, thi khi ndo



gap hanh dong thu gon, chung ta sé thuc hién hanh dong ngir nghia dé danh gid thudc
tinh tong hop.

Fi.val=3 (syntax: F;->3 semantic: F;.val=3.lexical)

F,.val=4 (syntax: F»->3 semantic: F,.val=4.lexical)

T,.val=3 (syntax: T,->F; semantic: T,.val=F,.val )

Ty.val=3*4=12 (syntax: T,->T,*F, semantic: T,.val=T,.val*F,.val)
Fs.val=4 (syntax: F5;->4 semantic: F;.val=4.lexical)

Ts.val=4 (syntax: T5->F; semantic: Ts.val=F;.val )

Ei.val=12+4=16 (syntax: E;->E,+T; semantic: E,.val=E,.val+Ts.val)
“16” (syntax: L->E; n semantic: print(E,.val))

2.1.3. Thugc tinh ké thira.

Thudc tinh ké thira (inherited attribute) 1a thudc tinh tai mdt nut co6 gia tri
duoc xéc dinh theo gia tri thudc tinh cua cha hodc anh em cta no.

Thudc tinh ké thira rat c6 ich trong dién ta su phu thudc ngit canh. Vi du
chung ta c6 thé xem mot dinh danh xuét hién bén trai hay bén phai cta toan tir gan
dé quyét dinh dung dija chi hay gié tri cta dinh danh.

Vi dy vé khai bao:

san xudt luat ngtr nghia

D->TL L.in := T.type

T ->int T.type := interger

T ->real T.type := real

L->L,id L,.in := L.in ; addtype(id.entry, L.in)
L ->id addtype(id.entry,L.in)

Vidu: inta,b,c Ta cé cdy cii phdp: o o

Chung ta duyét va thuc hién’ cac hanh
dong ngit nghia sé dwoc két qua nhu

T.type = interger (syntax:T->int semantic: T.type=interger)
L;.in = interger (syntax: D -> T L; semantic: L;.in=T.type)



L,.in = interger (syntax: L, ->L,,a  semantic: L,.in=L,.in)

a.entry = interger (syntax: L, -> L, , a semantic: addtype(a.entry,L,.in) )
L;.in = interger (syntax: L, ->Ls;,b  semantic: Ls.in = L,.in )

b.entry = interger (syntax: L, -> L;, b semantic: addtype(b.entry,L,.in) )
c.entry = interger (syntax: L; -> ¢ semantic: addtype(c.entry,Ls.in) )

Bai luyén tap:

1) Cho van pham sau dinh nghia mot s6 & hé cosd 2
B>0|1/B0|B1

Hay dinh nghia mét ct phéap diéu khién dé dich mot s6 & hé co s6 2 thanh mot sé & hé co sb
10 (hay noi cach khéc 1a tinh gia tri ciia mot sb & hé co s 2). Xay dung cdy danh dau(xay
dung cay ct phap cung véi gia tri thudc tinh trén mdi nut) véi dau vao 1a “1001”.
Mo rong: sinh vién ty lam bai todn ndy vdi cac san xuét dinh nghia mot s6 thuc & hé co sb 2:

S>L.L|L

L->LB|B

B->0] 1

Loi gidgi: Dinh nghia thugc tinh téng hop val cua ky hiéu B dé chira gia tri tinh duwoc cua 56
biéu dién béi B.
xudt phat tir cach tinh:
(s . .. a1ap); = a,*2"+a,¥2""+. .. +a;*2+ay
i= 2%, * 2"+, ag)tan
=2*%a,. . .a)tap
Do dé néu cé
B -> B, I thi B.val := 2*B,.val+1
B -> B; 0 thi B.val := 2*B;.val
Vivay, chung ta xdy dung cac luat dich nhw sau:

Ludt phi ngit canh Ludt dich

B->0 B.val=0;

B->1 B.val:=1;

B->B, 0 B.val:=2*B;.val +0

B->B | B.val:=2*B;.val+1
Cay dénh ddu:

B: val:=2*4+1=9
B: val:=2*2+0=4
B: val:=2*1+0=2




Xét mot cdy danh dau khac cho xau vao “1011”

B:
val:=5*2+1=11
B: val:=2*2+1=5

2.2. D6 thi phu thudc.

Néu mot thude tinh b tai mot nit trong cady phan tich cu phap phu thuéc vao mot
thudc tinh c, thé thi hanh dong ngir nghia cho b tai nit do phdi dwoc thyc hién sau khi
thuc hién hanh dong ngir nghia cho c. Suw phu thuoc qua lai cua cdc thugc tinh téng hop
va ké thira tai cdc it trong mot cdy phdn tich cii phdp cé thé dwoc mé ta bang mot do thi
co huong goi la do thi phu thugc (dependency graph).

- Do thi phu thudc 1a mot do thi c6 huéng mé ta su phu thudc giita cac thudc
tinh tai mdi nut ctia cdy phan tich ca phap.

Trude khi xéy dung mot d6 thi phu thudc cho mot cdy phan tich ca phép,
chung ta chuyén mdi hanh dong ngir nghia thanh dang b := f(ci,co,. . .,ci) bang cach
ding mot thudc tinh tong hop gia b cho m01 hanh dong ngit nghia c6 chira mdt 161
goi thu tuc. Do thi nay c6 mot nat cho mdi thudc tinh, mét canh di vao mdt nit cho
b tir mot nat cho ¢ néu thudce tinh b phu thudc vao thudc tinh c. Chung ta c6 thuat
toan xay dung d thi phyu thudc cho mét van pham ca phap diéu khién nhu sau:

for moi niit n trong cdy phdn tich cii phép do
for moi thuoc tinh a cua ky hiéu van pham tai n do




xdy dung mot nut trong do thi phu thudc cho a;
for moi mit n trong cdy phdn tich cii phdp do
for moi hanh dong ngit nghia b:=f{cics, . . .,ci)
di kém véi san xudt dwoe ding tai n do
for i:=1 to k do
xdy dung mot canh tu nut ¢; dén nit b

VD 1: Dia vdo cdy phdn tich ( nét dirt doan) va ludt ngir nghia iing véi san xudt & bang, ta thém
cdc nut va canh thanh do thi phu thuoc: ®

San xuat Luét ngir nghia :

E - E, | E; E.val = E;.val + E,.val @ pe @ @ )
Val Val

Vidu2:

Véi vi du 2, ta c6 mot do thi phu thudc nhu sau:

chuy:

+ chuyén hanh dong ngit nghia addentry(id.entry,L.in) clia san xut L->L , id thanh thudc tinh gia

fphu thudc vao entry va in

san xuat ludt ngit nghia

D->TL L.in := T.type

T ->int T.type := interger

T ->real T.type = real

L->L,id L,.in := L.in ; addtype(id.entry, L.in)
L ->id addtype(id.entry,L.in)

™| entry




2.3. Thir ty danh gia thugc tinh.

Trén d6 thi DAG duoc xdy dung nhu vi du trén, ching ta phai xac dinh tha
tu ciia cac nut dé 1am sao cho khi duyét cac nut theo thir ty nay thi mot nut s€ co
thir tyr sau nat ma né phu thudc ta goi la mét sap xép topo. Tirc 1a néu cac nut duoc
danh th ty m;, mo, . . .,my thi néu co6 m; ->m; la mot canh tor my dén m; thi m; Xuat
hién truée my trong thir tyr do hay i<j. Néu chiing ta duyét theo tht tu di dugc sip
xép nay thi s€ dugc mot cach duyét hop ly cho cac hanh dong ngtr nghia. Nghia la
trong mot sip xép topo, gia tri cac thudc tinh phu thudc ci,ca, ... ¢, trong mot hanh
dong nglr nghia b:=f(c,c2, ... ,cx) da dugc tinh trudce khi ta woc lu’ong f.

Dbi v6i mot db thi tong quat chung ta phai dé y dén cac dic diém sau:

+ xay dung dd thi phu thudc cho cac thudc tinh cua ky hi€u van pham phai
dugc xay dung trén cay cu phap. Tuc 1a xay dung cdy ci phap vo1 moi nut (dinh)
dai dién cho mot ky hi€u van pham sau d6 mdi xay dung do thi phu thudc theo
thuat toan 5.1

+ trong dd thi phu thudc, mdi nit dai dién cho mot thudc tinh ciia mot ky
hi€u van pham.

+ ¢6 thé mot loai thudc tinh nay lai phu thudc vao mot loai thudc tinh khac,
chtr khong nhat thiét 1a chi cac thudc tinh cung loai mai phu thudc vao nhau. Trong
vi du trén, thudc tinh entry phu thudc vao thudc tinh in.

+ ¢6 thé ¢b “vong” trong dd thi phu thudc, khi d6 ching ta s€¢ khong tinh
dugc gia tri nglt nghia cho cac nat vi gap mot hién twong khi tinh a can tinh b, ma
khi tinh b lai can tinh a.

Chinh vi vy, trong thuc té chung ta chi xét dén vin pham ct phap ngit nghia
ma do6 thi phu thudc ctia n6 1a moét DAG khong c6 vong.

DPéi véi vi du trén, ching ta xay dung dugc mdt th tu phu thudc trén cac
thudc tinh do6i véi cdy ci phap cho cau vao “real a,b,c” nhu sau:

..........

1 in: 8




entry: 1

Sau khi chung ta da cé do thi phu thudc nay, chung ta thuc hién cadc hanh dong ngir
nghia theo thir ty nhu sau (ky hi€u a; 1a gia tri thudc tinh & nut thi 1):

- dbi voi nut 1,2 ,3 chung ta duyét qua nhung chua thuc hién hanh dong ngit

nghia nao ca

- nut4: taco as :=real

- nut5: as == a4 := real

- nut 6: addtype(c.entry,as) = addtype(c.entry,real)

- nat 7: a; := as:=real

- nut 8: addtype(b.entry,a;) = addtype(b.entry,real)

- nut9: addtype(a.entry,as) = addtype(a.entry,real)

Cac phwong phap duyét hanh dong ngir nghia

1. Phwong phdp ding cdy phdn tich cii phap. Két qua tra vé cua phan tich ct
phap phai 1a cay phan tich cu phap, sau do xay dung mot thir ty duyét hay
mot sip xép topo cla do thi tir cay phan tich ca phap d6. Phuong phéap nay
khong thuc hién dugc néu dd thi phu thudc c6 “vong”.

2. Phuong phap dua trén ludt. Vao lic xay dyng trinh bién dich, cac luat ngir
nghia dugc phan tich (tha cong hay bang cong cu) dé thw tu thuc hién cac
hanh dong ngir nghia di kém véi cac san xuét duoc xac dinh trude vao lac
xay dung.

3. Phuong phap quén lang (oblivious method). Mot thir tu duyét dugc lya chon
ma khong can xét dén cac luat ngit nghia. Thi du néu qua trinh dich xay ra
trong khi phan tich ca phdp thi thtr tu duyét phai phu hop voi phuong phéap
phan tich ct phap, doc 1ap voi luat ngir nghia. Tuy nhién phuong phap nay

chi thyc hién trén mot 16p cac cu phap diéu khién nhat dinh.
Phuwong phap dya trén qui tdc va phwong phap quén lang khong nhat thiét phai xdy dung mot do
thi phu thuge, vi vdy né rat la hiéu qud vé mat thoi gian ciing nhuw khong gian tinh todn.
T rong thuee té, cdc ngén ngit ldp trinh thong thuong co yeu cau qud trinh phdn tich 1a tuyén tinh,
qud trinh phén tich ngit nghia phai két hop dwoc véi cdc phwong phdp phén tich cii phdp tuyén
tinh nhw LL, LR. Pé thuc hién dwoc diéu nay, cdc thudc tinh ngit nghia ciing can thod man diéu
kién: mot thuoc tinh ngitr nghia sé dwoc sinh ra chi phu thugc vao cac théng tin trucc no. Chinh
Vi vy chiing ta sé xét mot I6p cii phdp diéu khién rat thong dung va dwoc siv dung hiéu qua goi
la cii phép diéu khién thuan tinh L.
Cu phap diéu khién thuan tinh L

Mot thi tw duyét tw nhién ddc trung cho nhiéu phwong phdp dich Top-down va Bottom-up
la thi tuc duyét theo chiéu sdu (depth-first order). Thii tuc duyét theo chiéu sdau dwoc trinh bay
nhuw duoi day:

procedure dfvisit(n:node);



begin
for mdi con m cua » tinh tir trai sang phai do
begin
tinh cac thudc tinh ké thira ciia m
dfvisit(m)
end
tinh cac thudc tinh tong hop cua n
end

Mot 16p céc ch phap diéu khién dugc goi 1a ¢ phap diéu khién thuan tinh L hay goi la
di€u khién thuan tinh L (L-attributed definition) c6 cac thugc tinh ludén c6 thé tinh toan theo chi¢u
sau.

Cu phap di€u khién thuan tinh L:
Mot cu phéap diéu khién goi 1a thuan tinh L néu moi thudc tinh ké thira cua X;
¢ v€ phai cua luat sinh A > X, X, . .. X, v&i1 1<=j<=n chi phu thudc vao:

1. cac thudc tinh cua cac ky hiéu X, X,, . . ., Xj1 0 bén trai ctia X; trong
san xuat va
2. cac thudc tinh ké thira cia A

Chii y rang moi cii phdp diéu khién thudn tinh S déu thuan tinh L vi cdc diéu
kién trén chi dp dung cho cdc thugc tinh ké thua.

Ta thay néu ngon ngit ma ngir nghia ctia mot tur t6 duoc xac dinh chi phu
thudc vao ngit canh bén trai (cac tir to bén trai) thi mot phuong phap duyét ct phap
tir trai sang phai cho dau vao c6 thé két hop véi diéu khién ngir nghia dé duyét ca
cl phap va ngir nghia dong thoi. Tir do, ta thay ct phap diéu khién thuan tinh L
thoa mén diéu kién nay. Hay voi cu phap diéu khién thudn tinh L, ta c6 thé duyét
dau vao tir trai sang phai dé sinh cac thong tin ct phap va ngir nghia mot cach dong
thoi. V&i phuong phap phan tich ¢ phap tuyén tinh LL va LR, ta c6 thé két hop dé
thyc hién ca cac hanh dong ngir nghia thuan tinh L.

Nhung néu mé ta cac hanh dong ngit nghia theo ct phap diéu khién thi
khong xac dinh thir tu cua cac hanh dong trong mot san xuat. Vi vay ¢ day ta xét
mot tiép can khac 1a dung luoc dd dich dé mé ta luat ngit nghia déng thoi véi tha tu
thuc hién ching trong mét san Xuat.

Thue hién hanh dong ngir nghia trong phan tich LL

Thiét ké dich 1a dich mét luot: khi ta doc dau vao dén dau thi ching ta &
phan tich ci phap dén do va thuc hién cac hanh dong ngit nghia ludn.

Mot phuong phap xay dung chuong trinh phan tich ¢t phap két hop véi thuc
hién cac hanh dong ngir nghia nhu sau:

- v6i mdi mot ky hiéu khong két thuc duoc g?fm vo1 mot ham thuc hién. Gia su
voi ky hiéu khong két thuc A, ta ¢6 ham thuc hién

void ParseA(Symbol A);



Vi du:

mdi ky hiéu két thuc duoc gan voi mot ham d6i sanh xau vao
gia sir ky hiéu khong két thuc A 1a vé trai cua luat A->o |0 2]...|0,

Nhu vay ham phan tich ky hi¢u A s€ dugc dinh nghia nhu sau:
void ParseA(Symbol A, Rule, ...)
{ if(r==A->a )
goi ham x1r Iy nglr nghia twong tng luat A->a |
else if(r=—=A->Q »)
goi ham x1r 1y ngtr nghia twong tng luat A->a ,

else if(r==A->0 ,)
goi ham x1r 1y ngir nghia twong ung luat A->a ,
b
Pbi chiéu ky hiéu dau vao va A, tim trong bang phan tich LL xem s& khai
trién A theo luat nao. Ching han ky hiéu xau vao hién thoi a O first(a ;),
chung ta s& khai trién A theo luat A > X,. .. Xy véia i =X,. .. Xk

O day, ta sé& sir dung luge d6 dich dé két hop phan tich ct phap va ngit nghia.
Do do6 do khi khai trién A theo vé phai, ta sé gap 3 trudng hop sau:

1. néu phan tir dang x¢ét 1a mdt ky hi¢u két thuc, ta goi ham doi sanh véi xau
vao, néu thoda man thi nhay con tré dau vao 1én mot budc, néu trai lai la
16i.

2. néu phan tir dang xét 1a mot ky hiéu khong két thuc, chung ta goi ham
duyét ky hiéu khong két thuc nay véi tham s6 bao gom céc thudc tinh ctia
cac ky hi¢u anh em bén trai, va thugc tinh ké thira ctiia A.

3. néu phan tor dang xét 1a mot hanh dong ngir nghia, ching ta thuc hién
hanh dong ngir nghia nay.

E-> T /{Ri:=Tval}
R {E.val:=R.s}
R> +
T {R.i:=R.i+T.val}
R] {R.S.':R/.S}
R-> € {Rs:=R.i}
T-> (E){Tval:=E.val}
T->  num {T.val:=num.val}

void ParseE(...)
{ // chi ¢é mét luge do dich:
//E->T{R.i:=T.val}
// R {E.val:=R.s}
ParseT(...); R.i:=T.val



ParseR(...); E.val =R
}

void ParseR(...)
{ // truong hop 1
/R -> +
AT {R1.i:=R.i+T.val}
/R1 {R.s:=T.val+R1.i}
if(luat=R->TR;)
{ match(‘+’);// d6i sanh
ParseT(...); Ri.i:=R.i+T.val;
ParseR(...); R.s:=R.s

}

else if(luat=R->¢ )

{/R->€ {Rs:=R.i}
R.s:=R.1

}

}
Twong ty doi voi ham ParseT()
Bay gio ta xét xau vao: “6+4”

First(E)=First(T) = {(,num}
First(R) = {¢ ,+}
Follow(R) = {$,)}

Xay dung bang LL(1)
num + ( ) $

E E->TR E->TR

T T->num T->(E)

R R>+TR R->¢ R—>¢

Dau vao “6+4”, sau khi phan tich tir vung ta dugc “numl + num?2”

Ngin xép Dau vao Luét san xuét Luat nglt nghia

$E numl +num?2 $ | E->TR

$RT numl +num2 $ | T->numl T.val=6

$Rnuml numl +num?2 $

$R +num2 $ | R->+TR; R.i=T.val=6

$R, T+ +num2 $

SR, T num2 $ | T->num?2 T.val=4

$Rinum?2 num2 $

$R, $| R—>¢ R,.i=T.val=4

$ $ R;.s=T.val+R;.i=10
R.s=R;.s=10
E.val=R.s=10




Nhan xét:
Moi cii phdp diéu kﬁién thuan tinh L duwa trén van pham LL(1) déu c6 thé két hop qud
trinh phdn tich cu phap tuyén tinh voi viéc thuc hién cdac hanh dong ngit nghia.

Thuc hién hanh dong ngir nghia trong phan tich LR

Dbi v6i ca phap diéu khién thuan tinh S (chi ¢6 cac thudc tinh tong hop), tai mdi
budc thu gon boi mdt luat, chiing ta thyc hién cadc hanh dong nglr nghia tinh thudc tinh
téng hop cua vé trai dwa vao cac thudc tinh tong hop cia cac ky hiéu vé phai da duoc
tinh.

Vi duy, ddi v6i ¢t phap diéu khién tinh gia tri biéu thitc cho may tinh bo tii:

Luit ca phap Luat ngir nghia (luat dich)
L->En print(E.val)

E->E+T E.val:=E,.val+T.val

E->T E.val:=T.val

T->T,*F T.val:=T,.val*F.val

T->F T.val:=F.val

F->(E) F.val:=E.val

F->digit F.val:=digit.lexval

Chang han chung ta s€ thyc hién cac luat nglr nghia nay bang cach sinh ra thém mot
ngin xép dé lru gid tri thuge tinh val cho cac ky hiéu (goi la ngan xép gia tri). MOi khi
trong ngan xép trang thai co ky hiéu méi, chung ta lai ddt vao trong ngin xép gia tri
gi4 tri thudc tinh val cho ky hiéu méi nay. Con néu khi ky hiéu bi loai bo ra khéi ngan
xép trang thai thi ching ta ciing loai bo gia tri twong Gmg v&i nd ra khoi ngin xép gia
tri. Ching ta co thé xem qua qué trinh phan tich gat, thu gon véi vi du cho xau vao

“3%5+4”:
chuy:

+ phan tich tir td cho ta két qua xau vao 1a (ky hiéu d 1a digit):
d1(3)*d2(5)+d3(4)n
+ v6i ky hi¢u khong cé gia tri val, ching ta ky hi¢u ‘- cho val cua n6

xau vao ngin xép trang | ngin xép gia | luit cii phap, ngir nghia
thai tri

dl ¥*d2+d3n gat

*d2+d3n dl 3 F->digit

*d2+d3n F 3 F.val:=digit.lexval
(loai bo digit)
T->F

*d2+d3n [T 3 T.val:=F.val
(loai bd F)
gat

d2+d3n *T -3 gat




+d3n d2*T 5-3 F->digit

+d3n F*T 5-3 F.val:=digit.lexval
(loai bo digit)
T->T,*F

+d3n T 15 T.val:=T,val*F.val
(logi bo T),*F)
E->T

+d3n E 15 E.val:=T.val
(logi bo T)
gat

d3n +E - 15 gat

n d3+E 4-15 F->digit

n F+E 4-15 F.val:=digit.lexval
(loai bo digit)
T->F

n T+E 4-15 T.val:=F.val
(loai bo F)
E->E+T

n E 19 Ewval:=E,val+T.val
(logi bo E;,+,T)
gat

En - 19 L->En
L 19 L.val:=FE.val

(loai bo E,n)

Chu ¥ 1a khong phai moi ¢t phap diéu khién thuan tinh L déu c6 thé két hop thuc hién cac
hanh dong ngir nghia khi phan tich ci phap ma khong can xay dung cdy ct phap. Chi c6 mot
16p han ché cac cu phéap diéu khién c6 thé thuc hién nhu vay, trong do 1o nhat 1a ct phap diéu
khién thuan tuy S.

Sau day, chung ta gidi thiéu mot s6 ct phap didu khién khac ma ciing ¢ thé thuc hién khi
phan tich LR bang mot s6 k¥ thuat:

1) loai bé viéc gin két cac hanh dong ngir nghia ra khéi lwge dd dich
2) ké thira cac thudc tinh trén ngan xep
3) Mo phoéng thao tac danh gia cac thudc tinh ké thira
4) Thay thudc tinh ké thira bing thugc tinh tong hop

Sinh vién ty tham khao trong tai li¢u cac phan nay.

3. LUQC PO CHUYEN DPOI(Lwoc d6 dich) - Translation Scheme

Luoc dd chuyén d6i 1a mét vin pham phi ngit canh trong d6 cac thugc tinh
duogc lién két v6i cac ky hiéu van pham va cac hanh dong ngir nghia nam gitra hai

diu ngodc moc {} dugc chén vao mot vi tri nao d6 bén ve phai cua san Xuat.
+ Lugc do dich van c6 ca thudc tinh tong hop va thudc tinh ké thira




~ *+Luoc dd dich xéac dinh tht tu thyc hién hanh dong ngir nghia trong moi san
xuat
Vi du: mot luge dd dich dé sinh biéu thirc hau vi cho mot biéu thirc nhu sau:
E->TR
R ->+T {print(‘+’)} R
R->¢
T -> num {print(num.val)}

Xét biéu thue “3+1+5”

Chung ta duyét theo thu tuc duyét theo chiéu sau. Cac hanh dong ngit nghia duoc
danh thu ty lan luot 1,23, . ..

@ 3: print( “4+)
®/ InEDN

%\
it | 7 /\\
——— @@@

2: print(‘17)
4: print(‘5’) 4’ -

Két qua dichla“31+5+"

Chu y la néu trong hege do dich ta dat hanh dong ngit nghia o vi tri khac di, chiing ta sé
co ket qua dich khac ngay. Vi du, doi voi luwoc do dich, ta thay doi mot chut thanh luoc do
dich nhw sau:

E->TR

R ->+ TR {print(‘+’)}
R->¢

T -> num {print(num.val))

Xét bicu thirc “3+1+5” ‘
Chung ta duyét theo thu tuc duyét theo chiéu sdu. Cac hanh dong ngit nghia dugc
danh thir tu lan lugt 1,2,3, . . .

D
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1: prini(*3’) / /\
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2: print(‘1%) | |
3: print(‘5”) 4’ -

Két qua dichla“315++"

Khi thiét ké lugc do6 dich, ching ta can mot sd diéu kién dé dam bao rﬁng

mot gia tri thudc tinh phai co san khi ching ta tham chiéu dén no:

1. Mot thudc tinh ké thira cho mot ky hiéu & vé phai ciia mot san Xuat phai
dugc tinh & mdt hanh dong nam trudc ky hi¢u do.

2. Mot hanh dong khong dugc tham chiéu dén thudc tinh cia mot ky hiéu ¢
bén phai cia hanh dong do.

3. Mot thudc tinh téng hop cho mét ky hiéu khong két thuc & vé trai chi co
thé duoc tinh sau khi tit ca thudc tinh nd can tham chiéu dén da duoc tinh
xong. Hanh dong nhu thé thuong dugc dat o cubi vé phai cta luat sinh.

Vi du luge d6 dich sau day khong thoa man cac yéu cau nay:
S-> A Ay {Arin:=1; Azin:=2}
A ->a {print(A.in)}

Ta thdy thudc tinh ké thira A.in trong luat thir 2 chwa dwoc dinh nghia vao luc muon in ra
gia tri cua no khi duyét theo huwong sdau trén cay phdn tich cho dau vao aa. Dé thoa man
thugc tinh L, chung ta co thé suva lgi lwoc do trén thanh nhu sau:

S -> {A[ll’lzl} A1 {Azll’lzz} Az
A > a {print(A.in);}
Nhuw vay, thuoc tinh A.in dwoc tinh trudc khi chung ta duyét A.
Nhitng diéu kién nay dugc thoa néu vin pham cé diéu khién thuan tinh L.
Khi d6 chiing ta s& dat cac hanh dong theo nguyén tic nhu sau:
1. Hanh dong tinh thudc tinh ké thira cia mot ky hi€u van pham A bén vé
phai dugc dat trude A.



2. Hanh d6ng tinh thudc tinh tong hop cua ky hiéu vé trai dugc dit & cudi
luat san xuét.
Vi du:
Cho vin pham biéu dién biéu thirc gdm céc toan tir + va - v6i toan hang 13 cac sb:

E->TR
R->+TR
R->-TR
R->¢
T->(E)
T ->num
Xay dung luoc dd dich trén vin pham nay dé tinh gia tri cua biéu thirc.
Giai dép:
Trude hét, chiing ta thir xem cdy phan tich ¢t phap cho dau vao “6+4-1”

Goi val 1a thudc tinh chira gia tri tinh dugc cua cac ky hiéu van pham E va T.
Thudc tinh s 1a thudc tinh tong hop va i 1a thudc tinh ké thira dé chira gia tri tinh
duoc cua ky hiéu R. Chung ta dat R.i chira gia tri ciia phan biéu thirc dung trude R
va R.s chira két qua. Chiing ta xay dung lugce do dich nhu sau:

E-> T{R.i:=Tval}

R {E.val:=R.s}
R-> +

T {R.i:=R.i+T.val}

Rl {R.S.':RJ.S}

R-> -
T {R.i:=R.i-T.val }



R] {R.S.':Rj.S}
R-> & {Rs:=R.i}
T-> (E) {T.val:=E.val}
T -> num {T.val:=num.val}

‘%
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néu chung ta xac dinh mot cach duyét khdac cach duyét theo huong sdu thi cach dat
hanh dong dich vao vi tri nao sé dwoc lam khac di. Tuy nhién cach duyét theo huwong
sdu la cdach duyét phé bién nhdt va tw nhién nhdt (vi ngit nghia sé dwoc xdc dinh dan
theo chiéu duyét dau vao tir trdi sang phdi) nén ching ta coi khi duyét mét cdy phén
tich, chung ta sé duyét theo huong sau.

4.DUNG CAY CU PHAP.
4.1. Cay cu phap.

Cay cu phap (syntax - tree) la dang rat gon cua cay phan tich ca phap dung
dé biéu dién ciu trac ngdn ngit. Trong cdy cu phap cac toan tir va tir khoa khong
phai 1a nit 14 ma 1a cac ntt trong.

Vi du v6i luat sinh S - if B then S1 else S2 dugc biéu dién bdi cay ct phap:



if - then - else

E 3 3y

. MMét af ddn gidn khéc cda ciy ci phdp la chudi cde [ndt sinh don dde mit
gon lai. Ching han ta cd:

+

A Bugc rdt gon td E
* 4 /R
/ \ E + T
3 & | |
T F
T * F id

Xay dwng ciy cui phap cho biéu thirc.

Tuong tu nhu viéc dich mot biéu thirc thanh dang hau t6. Xay dung cdy con cho
biéu thirc con béng cach tao ra mgt nut cho toan hang va toan tir. Con cua nit toan
tir 1a gdc ctia cay con biéu dién cho biéu thirc con toan hang cta toan tir d6. Mdi
mot nht c6 thé cai dat bé‘mg mdt mau tin c6 nhiéu truong.

Trong nut toan tir, c6 mot trudong chi toan tir nhu 1a nhan ctia nut, cac truong con lai
chtra con trd, trd té1 cac nit todn hang.

Dé xay dung cdy cu phap cho biéu thirc ching ta sir dung cac ham sau day:

1/ mknode(op, left, right) : Tao mdt nut todn tir 6 nhan la op va hai trong chira con
tro, tro toi1 left va right.

2/ mkleaf(id, entry): Tao mgt nuat 14 v&i nhan 1a id va mot trong chira con tré entry,
tro tGi 6 trong bang ky hiéu danh biéu.

3/ mkleaf(num,val): Tao mot niit 14 voi nhan 1a num va trong val, gia tri ciia s6.

Vi du: Bé xdy dung cay ct phap cho biéu thirc: a - 4 + ¢ ta dung mdt day cac 1oi
go1 cac ham noi trén.

(1): pl := mkleaf(id, entrya) (4): p4 = mkleaf(id, entryc)

(2): p2 := mkleaf(num,4) (5): p5 := mknode(" +", p3, p4)

(3): p3 := mknode(" -", p1, p2)

Cay duoc xay dung tur dudi 1én

entrya la con tro, trd td1 6 cua a trong bang ky hi¢u

entryc la con tro, trd t61 6 cua c trong bang ky hi¢u



id num |
|

I

antrya

* xay dung ciy cu phap tir dinh nghia truc tiép ct phap.

Can ctr vao cac luat sinh van pham va lut ngir nghia két hop ma ta phan bd viéc
goi cac ham mknode va mkleaf dé tao ra cay cl phap.

Vidu: Dinh nghia truc tiép ca phap gitip viéc xdy dung cdy ca phap cho biéu thirc
la:

Luat sinh Luat ngit nghia

E - El1 + T E.nptr := mknode('+', E1.nptr, T.nptr)

E - EI - T E.nptr := mknode('-', E1.nptr, T.nptr)

E -T E.nptr := T.nptr

T - (E) T.nptr := E.nptr

T —1id T. nptr := mkleaf(id, id.entry)

T — num T.nptr := mkleaf(num, num.val)

Véi biéu thirc a - 4 + ¢ ta ¢6 cy phan tich ct phap (biéu dién bdi duong cham)
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Luat ngit nghia cho phép tao ra cdy ct phap. Cay ca phap cé y nghia vé mat cai dat
con cay phan tich ct phap chi c6 y nghia vé mat logic.

4.3. Po thi DRAG.

DAG ( Directed Acyclic Graph): D6 thi bao gom cac dinh chira cac thugc tinh va
coc canh ct hudng dé biéu thi sy phu thudc giita cac dinh. Cling glong nhu cay cu
phap, tuy nhién trong cay cu phap cac biéu thirc con glong nhau biéu dién l3p lai
con trong DAG thi khong. Trong DAG, mot nat con c6 thé c6 nhiéu "cha".



Viduy: chobiéuthitca+a*(b-c)+(b-¢)*d
+

T N
N, NN
VAN A\

bé xay dung mot DAG, trudc khi tao mdt nat phai kiém tra xem nat d6 da ton
tai chua, néu da ton tai thi ham tao nit (mknode, mkleaf) tra vé con tro cua nut da
tdn tai, néu chua thi tao nat méi.

Cai dat DAG

Nguoi ta thuong sir dung mot mang mau tin , mdi mau tin 1a mot nat. Ta co
thé tham khao toi ntit bang chi s ctia mang.

Vi du:

Lénh gan DAG Biéu diéni:=i+ 10

=\\ id antry i
/"\ hurm 10

i 10 * TR

= 1 13

Nut 1: c6 nhan 1a id, con tro trd to1 entry 1.

Nut 2: ¢6 nhan la num, gia tri la 10.

Nut 3: c6 nhan 1a +, con trai 1a nat 1, con phai 1a nuat 2.
Nut 4: c6 nhan 1a =, con tréi la nat 1, con phai 1a nat 3.



Giai thuit 5.1: Phuong phap value number dé xdy dung mot nat trong
DAG.
Gia sur rang cac nut dugc luu trong mot mang va mdi nut doc tham khao boi sd gia
tri ciia nd. Mdi mot nut toan tir 1a mot bd ba <op, 1, r >
Input: Nhan op, nat |l va nut r.
Output: Mot nat voi <op, 1, >
Phuong phap: Tim trong mang mot nit m c6 nhéan 1a op con trai 1a 1, con phai lar.
Néu tim thay thi tra vé m, ngoc lai tao ra mot nit moi n, c6 nhan 1a op, con trai la |,
con phai 13 r va tra vé m.



CHUONG 6 PHAN TiCH NGU NGHIA.
1. MUC PiCH NHIEM VU.

Nhiém vu: ki€m tra tinh ding dan v€ mat nglr nghia ctia chuong trinh nguodn.
Viéc kiém tra dugc chia 1am hai loai 1a kiém tra tinh va kiém tra dong (Viéc kiém tra
cua chuong trinh dich dwoc goi la tinh, viéc kiém tra thuc hién trong khi chwong trinh dich chay

goi la dong. Mot kiéu hé thong diing ddn sé xod bo sw can thiét kiém tra déng.).

Xét mot s6 dang cua kiém tra tinh:

- Kiém tra kiéu: kiém tra vé tinh ding dan cta cac kiéu toan hang trong biéu
thirc.

- Kiém tra dong diéu khién: mot sé diéu khién phai c6 ciu trac hop 1y, vi du
nhie 1énh break trong ngon ngit pascal phdi nam trong mét vong Ip.

- Kiém tra tinh nhat quan: c6 nhiing ngit canh ma trong d6 mot ddi twong
dugc dinh nghia chi dang mdt 1an. Vi du, trong Pascal, mét tén phdi dwoc khai bdo duy
nhdt, cac nhdn trong lénh case phdi khdc nhau, va cdc phan tir trong kiéu vé hirdng khéng dwoc
lap lai.

- Kiém tra quan hé tén: P61 khi mdt té€n phai xuAt hién tr hai 1an tré 18n. v7
du, trong Assembly, mot chwong trinh con ¢é mdt tén ma ching phdi xudt hién & dau va cudi ciia
chwong trinh con nay.

Trong pham vi tdi liéu nay, ta chi xét mét s6 dang trong kiém tra kiéu cia chwong trinh

nguon.
2. BIEU THUC KIEU (type expressions)

Kiéu ctia mot cau truc ngon ngtr duoc biéu thi bdi “biéu thuce ki€u”. Mot biéu
thirc ki€u co6 thé 1a mot kiéu co ban hodc dugc xdy dung tir cac kiéu co ban theo
mot s toan tir nao do.

Ta xét mot 16p cac bi€u thire kiéu nhu sau:

1). Kiéu co ban:

Gom boolean, char, interger, real. Cé céc kiéu co ban dic biét 1a type_error
(dé tra vé mot cau trac bi 16i kiéu), void (biéu thi cac cau tric khong can xac dinh
kiéu nhu cau lénh).

2). Kiéu hop thanh:



+ Mang: Néu T 1a mét biéu thtc kiéu thi array(l, T) 12 mot biéu thic kiéu ddi
v6i mot mang cac phan tir kiéu 7 va 7 1a tap céc chi sb.

Vi du, trong ngon ngir Pascal khai bao: var A: array[l1..10] of interger;,

sé xdc dinh kiéu cia A la array(1..10,interger)

+ Tich cuia biéu thirc kiéu: 1a mot biéu thirc kicu. Néu T; va T: 1a céc kiéu bicu
thire kiéu thi tich D& cac cua TixT> 1a mdt biéu thirc kiéu.

+ Bdn ghi: Kiéu cia mot ban ghi chinh 1a biéu thirc kiéu dugc xay dyng tir cac
kiéu ctia cac trudng cla nod.

Vi du trong ngon ngir Pascal:

type row=record
address: interger,
lexeme: array[l1..15] of char;
end;
var table: array[1..101] of row;
nhie vdy mot bién ciia row thi tirong vmg véi mét biéu thire kiéu la:
record((address x interger) x (lexeme x array(1..15,char)))

+ Con tré: Gia str T 1a mot biéu thirc kiéu thi pointer(T) 1a mot biéu thi mot

biéu thure kiéu xéac dinh kiéu cho con trd ciia mot doi tuong kiéu T.
Vi du, trong ngén ngit Pascal: var p: “row thi p cé kiéu la pointer(row)

+ Ham: MOt ham 1a mot anh xa tir cac phﬁn tor ciia mot tap vao mot tap khac.
Kiéu mot ham 13 anh xa tr mot kiéu mién D vao mot kiéu pham vi R. Biéu thuc
kiéu cho méot ham nhu vay s€ dugce ky hi¢u la D->R.

Vi du trong ngon ngir Pascal, mot ham khai bdao nhw sau:  function f(a,b:interger):

Ninterger;
co kiéu mién la interger x interger va kiéu pham vi la pointer(interger). Va nhu vay biéu thirc
kiéu xac dinh kiéu cho ham do la: 0 interger x interger -> pointer(interger)

3. CAC HE THONG KIEU.

Mot hé théng kiéu 1a mét tap cac luat dé xac dinh kiéu cho céc phﬁn trong
chuong trinh nguén. M5t bd kiém tra kiéu lam nhiém vu thuc thi cac luat trong hé
thdng kiéu nay. O déy, hé thong kiéu dugc xac dinh bdi cac luat ngir nghia dua trén
luat ca phap. Cac van dé& dugc nghién ciru trong phan cu phap diéu khién va lugc
do dich.



M6t hé thong kiéu diing din sé xod bé sw can thiét phai kiém tra déng (vi né cho phép xdc
dinh tinh, cdc 16i khéng xdy ra trong lic chwong trinh dich chay). Mot ngén ngir goi la dinh kiéu
manh néu chwong trinh dich cua no co thé bdo dam rcing cdc chwong trinh ma no dich 16t sé hoat
dong khong co 16i vé kiéu. Piéu quan trong la khi bg kiém tra phdt hién 16i, né phdi khdc phuc
16i dé tiép tuc kiém tra. truéc hét né théng bdo vé 16i mé ta va vi tri 16i. Loi xdut hién gdy dnh
huong déncdc ludt kiém tra 16i, do vdy phdi thiét ké kiéu hé thong nhw thé nao dé cdc ludt cé thé
dirong dau véi cdc 16i nay.

3.1. Mot s6 luit ngir nghia kiém tra kiéu

Doi voi cau lénh khong co gia tri, ta co thé gan cho no kiéu co so dac biét void. Néeu co l6i
vé kiéu dwoc phat hién trong cau lénh thi ta gan cho no gid tri kiéu la type_error

Xét cach xdy dung luat ngit nghia kiém tra kiéu qua mot sé vi dy sau:

VD1: Van pham cho khai bao:
D->D;D
D->id: T
T -> interger
T -> char
T>"T

T -> array [num] of T

Luat cua phap Luat ngir nghia
D->id: T AddType(id.entry,T.type)
T -> char T.type := char
T -> interger T.type = interger
T ->"T, T.type := pointer(T.type)
T -> array [num] of T, T.type := array(num.val,T,.type)

VD2: Vin pham sau cho biéu thirc
S->id:=E
E->E+E
E->EmodE



E->E[E:]

E ->num
E->id
Luat ca phap Luat ngir nghia
S >id=F S.type = if id.type=E.type then void
else type error
E.type:=
if E;.type=interger and E,.type=interger then interger
E>E 4+ E else if E;.type=interger and E,.type=real then real
b else if E;.type=real and E..type=interger then real
else if E,.type=real and E..type=real then real
else type error
E -> num E.type := interger
E->id E.type := GetType(id. entry)
E ->E, mod E, E.type = if E,.type=interger and E,.type=interger then interger
else type error
E->E [Es] E.type := if E..type=interger and E,.type=array(s,t) then t else
type_error

VD3: Kiém tra kiéu cho céc cau lénh:
S ->if E then S
S -> while E do S
S->S,;S,

Luat cu phap Luat ngir nghia

S.type := if E.type=boolean then S,.type

S ->if E then S, else type_error




S > while E do S, S.type := ljllsiétg][;e:‘t;(;:;rean then S, type

S.type :=if S;.type=void and S..type=void then

S->81;S; void

else type error

VD4: Kiéu ham: luét ca phap sau day thé hién 16i goi ham:  E ->E, (E,)
Vi du:

function f(a,b:char): interger;
begin

end;

var p:Minterger; q:”char;
X,y:interger;

begin

p:=f(x,y);// ding
q:=f(x,y);// sai

end;
Ludt ca phap Luit ngir nghia
E->E (E) E.type := if E».type=s and E,.type=s->t then t
o else type_error

3.2. Vi du vé mdt bd kiém tra kiéu don gian.

Vi du vé mét ngén ngiv don gian ma kiéu ciia cdc bién phdi dwoc khai bdo trude khi ding.
B§ kiém tra kiéu nay la mét cii phdp dang hege d6 chuyén doéi nham tdp hop kiéu cia ting biéu

thirc tir cac kiéu cua cac biéu thirc con. Bo kiém tra kiéu co thé lam viéc voi cac mdng, cdc con
tro, lénh, ham.

* Mot van pham duéi ddy sinh ra cic chuong trinh, biéu dién bdi bién P, bao
gém mdt chudi cac khai bao D theo sau mot biéu thirc don E, céac kiéu T.




D - D;Djtén:T

T - char]| integer| array| so| of T| *T

E - chir cai| S6 | Tén| E mod E | E; E [E®

- M6t chuong trinh c6 thé sinh ra tir van pham trén nhu sau:
Key: Integer;

Key mod 1999

* Luoc d6 chuyén d6i nhu sau:

P -D;E

D - D;D

D - Tén:T {addtype (tén.entry, T.type)}
T - Char {T.type:= char}

T - integer {T.type:= integer}

T -/ T, {T.type:= pointer(T,.type)}

T - array | s0 | of T\ {T.type:= aray(sé.val, T..type)}

Hanh dong vmg véi san xudt D — Tén:T luu vao bang ki hiéu mot kiéu cho mot tén.
Ham  {addtype (tén.entry, T.type)} nghia la cdt mét thudc tinh T.type vao ban ki hiéu ¢ vi tri

entry.

* Kiém tra kiéu ciia cdc biéu thikc.

Trong céac luat sau:

E - chit cai {E.type : = char}
E - S6 { E.type := integer}

Kiéu cua thudc tinh tong hop cua E cho biéu thuc duoc gan bang kiéu hé
thong dé sinh biéu thirc boi E. Cac lut ngit nghia cho thdy cac hang sb biéu dién
bang tir to chit cai va s6 c6 kiéu char va integer.

Ta dung ham lookup(e) dé 1ay kiéu caats trong bang ky hiéu tro boi e. Khi mot
tén xudt hién trong biéu thirc kiéu khao bao cta nd duoc 1dy va gan cho thudc tinh
kiéu

E - tén {E.type:= lookup (tén.entry)}

- Mot biéu thirc duge tao boi 1énh mod cho 2 biéu thie con c6 kiéu integer thi
n6 ciing c6 kiéu 1a integer néu khong 1a kiéu type_error.

E - Ei mod E, {E.type : = if Ei.type = integer and E,.type = integer then
integer else type error}



- Béi voi mang E\[E, Jbieeur thirc chi sé E, phai c6 kiéu 14 integer cac phan tur
ctia mang c6 kiéu t chinh 13 kiéu array(s,t) cua E,

E - Ei[E:] {E.type :=if E,.type = integer and E.type = array(s,t) then t else
type_error}

- Béi véi thuat toan ldy gia tri con tro.

E - E” {E.type ;= if Ei.type = pointer (t) then else type error}

* Kiém tra kiéu ciia cdu lénh:

Dbi v6i cau 1énh khong co gia tri: gan kiéu dic biét void . néu c6 18i duoc
phat hién trong cau 1énh : kiéu cau 1énh 13 : type error.

Céc cau 1énh gdm: 1énh gan, diéu kién, vong lap while. Chuooix cac ciu 1énh
phan cach nhau bang ddu chdm phiy. mot chuong trinh hoan chinh c6 luat dang P
~ D ; S cho biét mot chuong trinh bao gdm cac khai bao va theo sau la cac ciu
1énh .

S - tén: = E { S.type:= if tén.type= E.type then void else type error }

S - if E else S; {S.type := if E.type = boolean then S,.type else type error }

S — While E do S, {S.type:= if E.type = boolean then S,.type = void then void
else type error }

* kiém tra biéu thirc ciia ham.

Céac ham v6i tham s ¢6 san xuat dang: E - E (E)

Céc lut tng voi kiéu biéu thirc cua ki hiéu khong két thuc T c6 thé 1am thira
sO theo cac san xuat sau:

T - Ty = T, {T.type := Ti.type — Ta.type}

Luat kiém tra kiéu ctia mot ham 1a: E — E(E,) {E.type : =if E..type =s — t
then t else type error}

luat nay cho biét trong mot biéu thie duoc tao béng cach ap dung E; vao E
kiéu cta s — t phai 1a mot ham tir kiéu cta s vao kiéu nao do t. kiéu Ei(E) la t.

3.MOT SO VAN PE KHAC CUA KIEM TRA KIEU.

3.1. Su twong dwong ciia Kiéu biéu thirc.

Nhiéu ludt c¢é dang “if kiéu ciia 2 biéu thirc giong nhau thi tra vé kiéu dé else
tra vé type _error” Vay lan sao dé xdc dinh chinh xdc khi nao thi 2 kiéu biéu thirc
la twong duwong?

Ham dung dé kiém tra sy twong dwong vé cau tric cua kiéu biéu thurc.



Function sequiv(s,t): boolean;
begin
if s va t cung kiéu co sé then return true;
else if s = array (s, 82) and t = array (t;,t2) then
return sequiv(s..t;) and sequiv(sa,t)
else if s=pointer(s;) and t=pointer(t;) then return sequiv(s, t;)
else if s=s; » s and t =t; - t, then return sequiv(s; t;) and sequiv(sa,t,)
else return false;
end;

3.2. Déi kiéu.

Xét biéu thirc dang : x+H, (x: kiéu real, i kiéu integer)

Biéu dién real va integer trong mdy tinh la khdc nhau dong thoi cdch thuwce hién phép cong
d6i voi 56 real va sé integer khéc nhau. Dé thuc hién phép cong, tréc tién chuong trinh
dich ddi ca 2 toan tir vé mot kiéu (kiéu real) sau do6 thuc hién cong.

B kiém tra kiéu trong chwong trinh dich dugc dung dé chén thém phép toan
vao cac biéu dién trung gian ciia chuong trinh ngudn.

Vi dy: chén thém phép toan inttoreal (diing chuyén mot so integer thanh s6
real) r0i méi thyc hién phép cong sé thuc real + nhu sau: xi inttoreal real +

* Ep Kiéu:

Mot phép doi kiéu duoc goi la khong 1o (én) néu no thuc hién mot cach ty
dong boi chuong trinh dich, phép d6i kiéu nay con goi 1a ép kiéu. (ép kiéu thuong gay
mdt thong tin)

Mot phép dbi kiéu duoc goi 13 rd néu ngudi 1ap trinh phai viét sb thir dé thuc
hién phép d6i nay. Vi du:

San xuit Luat ngir nghia

E - S6 E.type:= integer

E - Sb.s6 E.type:= real

E - tén E.type:= lookup (tén.entry)




E,type:= if E,.type = integer and E..type = integer Then integer
Else if E,.type = integer and E,.type = real Then real

E - E;op Ex Else if E;.type = real and E,.type = integer Then real

Else if E,.type = real and E,.type =real Then real

Else type error

3.3. Pinh nghia chong ciia ham va cac phép toan.

Ki hiéu chdng 1a ki hiéu c6 nhiéu nghia khac nhau phu thoc vao ngit canh cua
no.

VD: + la todn tir chong, A+B Y nghia khdc nhau doi véi timg truong hop A,B la so
nguyén, s thie, s6 phirc, ma tran...

Dinh nghia chéng cho phép tao ra nhiéu ham khac nhau nhung c6 cing mot
tén. Pé xac dinh thuc su ding dinh nghia chdng nio ta phai cin ctr vao ngit canh
luc ap dung.

Diéu kién dé thuc hién toan tu chéng 1a phai c6 su khac nhau vé kiéu hodc sd
tham sb. Do d6 ta c6 thé dwa vao luat ngit nghia dé kiém tra kiéu va goi cac ham xir
ly.




CHUONG 7 BANG KI HIEU.

1. MUC PICH, NHIEM VU.

Mot chuong trinh dich can phai thu thap va sir dung céac thong tin vé cac tén
trong chuong trinh ngudn. Cac thong tin ndy duoc luu trong mét ciu trac dit lidu
goi 14 mot bang ki hiéu. Céc thong tin bao gom tén, kiéu, dang cia né ( mot bién
hay 1a mdt ciu truc), vi tri cau no trong bd nhd, cac thudc tinh khac phu thudc vao
ngdn gnir 1ap trinh.

MB&i lan tén can xem xét, chuong trinh dich s& tim trong bang ki hi¢u xem da
c6 tén d6 chua. Néu tén d6 1a méithi thém vao bang. Céac thong tin vé tén dugc tim
va dua vao bang trong giai doan phan tich tr vung va cu phap.

Cac thong tin trong bang ki hi€u dugc dung trong phan tich ngit nghia,
( kiém traviéc dung céac té€n cd khdp vai khai bao khong) trong giai doan sinh ma
( kich thudc cua tén, loai bd nhd phai cap phat cho mot tén).

Dung bang ki hiéu trong qua trinh phat hién va khéi phuc 16i.

2. CAC YEU CAU POI VOI BANG Ki HIEU.

Ta can c6 mdt s6 kha ning 1am viéc véi bang nhu sau:
1) phat hi€én mot tén cho trudce cé trong bang hay khong?
2) thém tén mai.
3) 14y thong tin trong tng véi tén cho trudc.
4) thém thong tin méi vao tén cho trude.
5) x04 mot tén hodac nhom tén.
Céc thong tin trong bang ki hiéu ¢ thé gom:
1) Xau ki tu tao nén tén.
2) Thudc tinh cuia tén.
3) cac tham sd nhu s6 chiéu ctia mang.
4) C6 thé co con tro dén tén cap phat.
Céc thong tin dua vao bagn trong nhitng thdi diém khéac nhau.

3. CAU TRUC DU LIEU CUA BANG Ki KIEU
Co nhiéi\t cach 16 chike bang ki hiéu khac nhau nhw c6 thé tach bang riéng ré vmg véi tén bién,
nhan, hang so, tén ham va cac kiéu tén khdc... tuy thuoc vao turng ngon ngir.
Vé cdch t6 chire dir lidu c6 thé t6 chire boi danh sach tuyén tinh, cdy tim kiém, bang bam...

Mbi 6 trong bang ky hiéu twong Gmg voi mot tén. Dinh dang cua cac 6 ndy
thuong khong giong nhau vi thong tin luu trlt vé mot tén phu thude vao viéc su
dung té€n d6. Thong thuong mdt 6 dugc cai dat boi mot mau tin c6 dang ( t€n, thudc
tinh).



Néu mudn co duogc su déng nhét ctia cac mau tin ta co thé luu thong tin bén
ngoai bang ky hi¢u, trong moi 6 ctia bang chi chira cac con trd trd tdi thong tin do,

Trong bang ky hiéu ciing c6 thé c6 luu cac tir khoa ctia ngdn ngit. Néu vay thi
ching phai dugc dua vao bang ky hi¢u trudce khi bg phan tich tr vung bat dau.

* Néu ghi truc tiép tén trong trudng tén cua bang thi: wu diém: don gian, nhanh.
Nhuoc diém: B§ dai tén bi gidi han béi kich thudce ciua truong , hiéu qua st dung
bo nhé khdng cao.

Truong hop danh biéu bi giéi han vé d6 dai thi chudi cac ky tu tao nén
danh biéu dugc luu trir trong bang ky hi¢u.

Name Attribute

5]
]
]
1]

Hinh 7.19 - Bang ky hiéu luu gitr cdc tén bi gioi han do dai

Truong hop do dai té€n khong bi gidi han thi cac Lexeme dugc luu trong mot
mang riéng va bang ky hi¢u chi gitt cac con tro tré t&i dau moi Lexeme

Matme Attribute

SymTable

Lexemes
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Hinh 7.20 - Bang ky hiéu luu giit cac tén khong bi gioi han do dai

3.1 Danh sach.

Cau truc don gian, dé cai dat nhdt cho bang ky hiéu la danh sdach tuyén tinh cua cac
mau tin.

Ta dung mot mang hodc nhiéu mang twong duong dé luu trit tén va cac thong tin
két hop véi chung. Cac tén méi duoc dua vao trong danh sich theo thir ty ma
ching dugc phat hién. Vi tri cia mang dugc danh d&u boi con trd available chi ra
mot 6 mdi cia bang sé duogc tao ra.

Viéc tim kiém mot tén trong bang ky hiéu dugc bat dau tir available dén dau
bang. Trong cac ngdn ngir cau tric khéi sir dung quy tac tam tinh. Thong tin két
hop v6i tén cod the bao gom ca thong tin vé do sau cua ten. Bang cach tim klem tur
available tré vé ddu mang ching ta dam bao rang s& tim thdy tén trong ting gan
nhat.

1d1

info 1

1d2
info 2

idn

infon

+— available

Hinh 7.21 - Danh sdach tuyén tinh cic mau tin

3.2. Cy tim kiém.

Mot trong cac dang cdy tim kiém hiéu qua 13: ciy tim kiém nhi phan tim
kiém. Cac nit ctia cdy c6 khoa 13 tén cua ban ghi, hai con tro Left, right.
Pbi v6i moi nuat trén ciy phai thoa mén:
- Moi kho4 thudc cay con trai nho hon khoa cua goc.
- Moi nat cua ciy con phai 16n hon khoa cua gdc.
Giai thuat tim kiém trén ciy nhi phan:
- So sanh gia trj tim kiém x v&i khoa cua gbc:



+ Néu trung: tim kiém thoa man.

+ Néu < hon: Thyc hién lai cach tim kiém véi cay con bén trai.

+ Néu > géc: thuc hién lai cach tim kiém véi cay con bén phai.
Pé dam bdo thoi gian tim kiém nguoi ta thay thé cdy nhi phdn tim kiém bdng cdy nhi
phdn cdn bang.

3.3. Bang Bam.
Ky thudt sir dung bang bdam dé cai dat bang ky hiéu thuwong dwoc sir dung vi tinh hiéu qua ciia
no.
CAu tao bao gdm hai phan; bang bam va cac danh sach lién két.

W
_F m
9
tnatch
20
last action ws

32
210

Hinh 7.22 - Bang bam co kich thudc 211

1. Bang bam 12 mdt mang bao gdm m con tro.

2. Bang danh biéu duoc chia thanh m danh sach lién két, mdi danh sach lién két
duogc tro boi mot phan tir trong bang bam.

Viéc phan bo cac danh biéu vao danh sich lién két ndo do ham bam (hash
function) quy dinh. Gia sur s la chudi ky tu xac dinh danh biéu, ham bam h tac dong
1én s tra vé mot gid tri ndm gitta 0 va m- 1 h(s) = t => Danh biéu s duoc dua vao
trong danh séach lién két duogc tro boi phan tr t cia bang bam.

Co nhieu phwong phap dé xac dinh ham bam.

Phuong phap don gian nhat nhu sau:



1. Gia st s bao gém cac ky tur cl, 2, c3, ..., ck. Mbi ky tu cho ing voi mot $6
nguyén duong nl, n2, n3,...,nk; lay h =nl + n2 +...+ nk.
2. Xac dinh h(s) = h mod m



CHUONG 8 SINH MA TRUNG GIAN.

1. MUC PiCH NHIEM VU.

* Sinh m4 trung gian c6 nhiing uu diém nhu sau:
- D@ thiét ké timng phan
- Sinh duogc ma doc 1ap véi tirng may tinh cu thé. Tir 6 1am giam d6 phirc tap
cua sinh ma thuc su.
- D& t6i wu ma.
* Céc van dé cua bo sinh mi trung gian la:
- Dung ma trung gian nao.
- Thuat toan sinh ma trung gian.
Hanh déng sinh md trung gian thwc hién qua cii phép diéu khién.
Ngén ngit trung gian la ngén ngit nam giita ngén ngir nguon va ngén ngir dich. Chirong
trinh viét bang ngén ngit trung gian van twong dwong véi chirong trinh viét bang ngén ngir

nguon vé chirc ndng nhiém vu. Sau ddy ta xét logi ma trung gian thong dung nhat.

2. CAC NGON NGU TRUNG GIAN

Cay cii phdp, ky phdp hédu t6 va ma 3 dia chi la cdc logi biéu dién trung gian.
2.1. D6 thi.
Cay ¢t phap mé ta cau triic phan cip ty nhién cta chuong trinh nguén. DAG cho ta
cung luong théng tin nhung bang cach biéu dién ngin gon hon trong d6 cac biéu
thirc con khong dugc biéu dién 13p lai.

Vidu8.1: Véilgnh gdna:=b *-c+ b * - c, ta c6 cay ci phap va DAG:

Ciy cl phap DAG

Hinh 8.1 - Biéu dién do thi ciaa :=b *-c¢+b *-¢



Ky phap hau t6 1a mot biéu dién tuyén tinh cua ciy ct phap. N6 1a mot danh
sach cac nut cua cay, trong d6 mdt nat xuat hién ngay sau con ctia no .
abc-*b c-*+ :=labicu dién hdu t0 ctia cay ci phép hinh trén.

Cay cu phép co thé dugc cai dat bang mot trong 2 phuong phap:

- Mbi nut dugc biéu dién béi mot mau tin, véi mot trudng cho toan tir va cac
truong khac tré dén con cta no.

- M4t mang cac mau tin, trong do6 chi s6 cua phan tor mang dong vai trd nhu la

con tré cia mot nut.

T4t ca cac nut trén ciy ct phap co thé tuan theo con tro, bit dau tir nat goc tai 10

= 0 id b
! 1 1d C
1d a 2 - 1
| 3 * 0 2
+ \ r 4 id b
f“*) \V’w 5 | id | c
R _ & - 5
7 * 4 5]
_ . _ . 8 + 3 7
1d b id b 5 y .
| | 10 = 9 g
_ ' £ 0
1d C id C

Hinh 8.2 - Hai biéu dién ciia cdy cii phép trong hinh 8.1

2.2. Ki phap hiu to.

Dinh nghia ki phap hau t6 cia mot biéu thirc:

1) E 1a mot bién hodc hang sd, ki phap hau t6 cta E 13 E.

2) E 1a biéu thirc dang: E, op E,vdi op 1a toan tir 2 ngdi thi ki phap hau té cua E la:
E’\E’,o0p voi E’y, E’, 1a ki phép hau té cua E,, E, tuong tng.



3) Néu E 1a biéu thirc dang (E,), thi ki phap hau t6 cua E, ciing 13 ki phap hau t6
cua E.
Vi du:

Vi du: Ki phap hau té cua (9-5)+2 1a 95-2+;

Ki phap hau t ctia 9-(5+2) 1a 952+-;

Ki phap hau tb ctia cau 1énh

if a then if ¢c-d then a+c else a*c else a+b

1a a?(c-d?a+c:a*c):a+b tuc la: acd-actac*?ac+?
* Pinh nghia c phéap diéu khién tao ma hau td.

MA 3 PIA CHI.

M3 ba dia 1a mot chudi cac cau Iénh, thong thudng c6 dang: X:=yopz

X,y,z la tén, hang do nguwoi ldp trinh ti ddt, op la mét phép todn nao dé phép todn
toan hoc, logic...

Dudi day 1a mot s6 cau lénh ba dia chi thong dung:

1. Cac ciu lénh gan c6 dang x := y op z, trong d6 op 13 mot phép toan sb
hoc hai ng61 hoac phép toéan logic.

2. Céc phép gan co dang x .= op y, trong do op 1a phép toan mot ngoi.
Céc phép toan mot ngdi chu yéu 1a phép trir, phép phu dinh logic, phép chuyén
d6i kiéu, phép dich bit.

3. Céc cau lénh sao chép dang x = y, gan y vao x.

4. Lénh nhay khong diéu kién goto L. Cau 1énh ba dia chi ¢6 nhin L 1a
cau lIénh duogc thuc hién tiép theo.

5. Cac lénh nhay c6 diéu kién nhu if x relop y goto L. Cau 1énh nay thuc
hién mot phép toan quan hé cho x va y, thuc hién cau 1énh ¢6 nhan L néu quan
hé nay la dung, néu trai lai s& thuc hién cau 1énh tiép theo.

6. Cau 1énh param x va call p,n ding dé goi tha tuc. Con 1énh return y dé
tra vé mot gia tri luu trong y. Vi du dé goi tha tuc p(x,Xa,...,X,) thi s& sinh cac
cau 1€nh ba dia chi tuong trng nhu sau:

param X

param X,



param X,

call p,n

7. Cac phép gan chi s6 c6 dang x := y[i] c6 ¥ nghia 1a gan cho x gia tri
tai vitriisauy

tuong tu dbi véi x[i] ==y

8. Phép gan dia chi va con tré c6 dang x := &y, X := *y, *x =y

2.1. Cai dat cac cau Iénh ba dia chi

Trong chuwong trinh dich, nhitng cdu lénh md 3 dia chi co thé dwoc cai dat nhu cdc
cau truc voi cdac truong chira cdc toan tir va toan hang. Nhitng biéu dién do la bo tur

(quadruple) va bo ba (triple).
2.1.1. By tw

B tir 1a mot cau tric ban ghi voi bon truong, dugc goi 13 op, argl, arg2 va
result.

Vidu: cdulénhx:=y+z

op la +, argl la y, arg2 la z va result chira x. Déi véi todn tir mot ngdi thi khéng ding
arg?.

Vidu: Caulénh  a:=-b * (c+d)

s€ duoc chuyén thanh doan ma ba dia chi nhu sau:

tl :=-b
12 :=c+td
t3:=tl *t2
a:=1t3
va dugce biéu dién béng bo tir nhu sau:
Op argl arg2 result
0 Uminus b tl
1 + C d t2
2 * tl t2 t3
3 Assign t3 a
2.1.2. By ba

Pé tranh phai dua cac tén tam thoi vao bang ky hiéu, chung ta c6 thé tham

chi€éu dén mot gia tri tam bang vi tri cua cau 1€nh dung dé tinh no6 (tham chiéu dén



cau 1énh d6 chinh 13 tham chiéu dén con tré chira bo ba ctia cau 1énh d6). Néu
ching ta lam nhu vay, cau 1énh ma ba dia chi sé duogc biéu dién béng mdt cu trac
chi gdm co ba trudng op, argl va arg2.

Vi du trén s€ duoc chuyén thanh b0 ba nhu sau:

op argl arg2
0 uminus b
1 + C d
2 * 0) 1)
3 assign a (2)

Chil ¥, cdu lénh sao chép ddt két qua trong argl va tham sé trong arg2 va todn tir ld
assign.

Céc sb trong ngodc tron biéu dién céc con tré chi dén mot ciu trac bd ba, con
con trd chi dén bang ky hiéu duoc biéu dién bang chinh céc tén. Trong thuc hanh,
thong tin can dé dién giai cac loai myc ghi khac nhau trong argl va arg2 cé thé
dugc ma hod vao trudng op hodc dua thém mot s trudng khéc.

Chu y, phép toan ba ngdi nhu x[i] :=y can dén hai muyc trong cdu tric bo ba

nhu duogc chi ra nhu sau:

op argl arg?2
(0) [1= X i
(1) assign (0) y
tuong tw ddi v6i phép toan ba ngdi x = y[i]
op argl arg?2
(0) [1= y i
(1) assign X (0)

2.2. Cu phap diéu khién sinh mi ba dia chi

Doi v6i mdi ky hidu X, ky hiéu:




- X.place 13 noi dé chira ma ba dia chi sinh ra bai X (dung dé chira cac két qua
trung gian). Vi thé sé ¢6 mot ham dinh nghia la newtemp ding dé sinh ra mét bién trung gian
(bién tam) dé gan cho X.place.

- X.code chira doan ma ba dia chi cia X

- Thu tuc gen dé sinh ra cau 1énh ba dia chi.

Sau ddy, chung ta xét vi du sinh ma ba dia chi cho mot 50 dang cau lénh.

2.2.1. Sinh md ba dia chi cho biéu thirc s6 hoc:

San xuit Luit ngir nghia

S->id:=E S.code := E.code || gen(id.place ‘:=" E.place)

E.place := newtemp;
E->E:+E; E.code :=Ei.code || E».code || gen(E.place ‘:=" E;.place
‘+> E,.place)

E.place := newtemp;
E->E *E, E.code :=Ei.code || E».code || gen(E.place ‘:=" E;.place
‘+” Es.place)

E.place := newtemp;

E ->-E, :
E.code := Ei.code || gen(E.place *:=" ‘uminus’ E;.place)
E.place := E,.place
E->(E
(Er) E.code := E,.code
E.place :=id.pl
E>id place := id.place
E.code :=“’
Vidu:
Hay sinh ma ba dia chi cho cau I¢nh sau “x :==a+ (b *c)”
S
=>x:=E
==X = E1 + E2

=x:=at+tk
=>x:=a+(E;)



=>x:=a+ (Es*Es)
=>x:=at(b*Es)
=>x:=a+(b*c)
Es.place :=c Es.code :=

¢

¢

Esplace :=b Escode :=
Es.place :=t; Es.code:=t,:=b *c
E,.place :=t; E;.code:=t,:=b*c

¢

Ei.place :=a Ei.code :=
El.place =a EI.COde =
E.place :=t, E.code:=t;:=b*c| t:=a+t,

S.code .=t :=b*c| b=a+t|x:=t
2.2.2. Sinh md ba dia chi cho biéu thirc Boole:

Doi v6i mot bicu thirc Boole E, ta dich E thinh mot day céc cau 1énh ba dia
chi, trong d6 d6i vai cac phép toan logic s& sinh ra cac 1énh nhay co diéu kién va
khong ¢ diéu kién dén mot trong hai vi tri: E.true, noi quyén diéu khién s& chuyén
t6i néu E dung, va E.false, noi quyén diéu khién s& chuyén toi néu E sai.

Vi du: E c¢6 dang a<b. Thé thi m3 sinh ra s& c6 dang

if a<b goto E.true
goto E.false
Vidu doan Iénh sau: if a>b then a:=a-b;
else b:=b-a;
duoc chuyén thanh ma ba dia chi nhu sau E.true = L1 va E.false = L2
if a>b goto L1
goto L2
LI: tl :=a-b
a:=tl
goto Lnext
L2: 12 :=b-a
b:=12
Lnext:

Mot s6 cti phap diéu khién sinh ma ba dia chi cho cac biéu thirc Boole.

Pé sinh ra cdc nhan, chung ta sw dung thu tuc newlable dé sinh ra mét nhdn mai.



San xuat

Luat ngir nghia

E->E,orE; E,.true := E.true;

E,.false := newlable;

E,.true := E.true;

E,.false := E.false;

E.code := E,.code || gen(E;.false ‘:”) || E..code
E ->E,and E, E,.true := newlable;

E,.false := E.false;

E,.true := E.true;

E,.false := E.false;

E.code :=Ei.code || gen(E:.true ‘:”) || E».code
E -> not E; E,.true := E.false;

E,.false := E.true;

E.code := E,.code;
E->(E:) Ei.true := E.true;

E,.false := E.false;
E.code := E,.code;

E ->id, relop id,

E.code := gen(‘if” id;.place relop.op id..place ‘goto’ E.true) ||
gen(‘goto’ E.false)

E -> true

E.code := gen(‘goto’ E.true)

E -> false

E.code := gen(‘goto’ E.false)

Vi du: Sinh ma ba dia chi cho doan chuong trinh sau:
if a>b and c>d then

X

else

X

Loi gidi:

:y_Z

Néu coi E 14 biéu thic logic a>b and ¢>d thi doan chuong trinh trén tré thanh




if E then x:=y+z , khi d6 ma ba dia chi cho doan chuong trinh c6 dang:
E.code {
if E=true goto E.true
goto E.false }
E.true: tl:= y+z
x:=tl;
E false :
12 :=y-z
x .=t
Nhue vy chiing ta phdi phén tich bén trong ciia biéu thirc E, va dé thdy cdc lénh nhdy bén
trong E chinh la E.true va E.false, diéu dé gidi thich tai sao ching ta lai ¢é cdc ludt ngit nghia
nhu bang trén.
Ap dung céc luat sinh ma ba dia chi trong bang trén chung ta c6 doan ma ba
dia chi cho doan chwong trinh nguén & trén la:
if a>b goto L1
goto L3
Ll: if c>d goto L2
goto L3

L2:  t]:=y+z

x:=tl
goto L4

L3: 2 :=y-z
x:=1

L4:

2.2.3. Sinh ma ba dia chi cho mét sé 1énh diéu khién:

Trong cac cau 1énh diéu khién c6 diéu kién, ta dua vao biéu thuc logic E dé
chuyén viéc thuc hién cac cau 1énh tdi vi tri thich hop. Do do ta can hai nhan:
E.true (dé xdc dinh vi tri cau 1énh chuyén téi khi biéu thirc logic E la diing), nhan
E.false (dé xdac dinh vi tri cdu lénh chuyén téi khi biéu thirc logic E la sai).

Pé sinh ra mot nhin méi, ta dung thu tuc newlable.

Nhin S.next dbi v6i khdi 1énh sinh ra boi ky hiéu S 13 nhan xac dinh vi tri tiép

theo cuia cac 1énh sau S.



Pbi voicau lénh S -> while E do S,
ta cAn c6 mot nhan bat dau cua khéi 1énh nay dé nhay dén mdi khi E dung, vi

vay can nhin S.begin dé xac dinh vi tri bat dau khoi 1énh nay.

San xuit Luét ngir nghia

S ->1f E then S, E.true := newlable;

E.false := S.next;

Si.next := S.next;

S.code := E.code || gen(E.true :”) || Si.code

S ->1if E then S; else E.true := newlable;

S E.false := newlable;

Si.next := S.next;

S,.next := S.next;

S.code := E.code || gen(E.true *:”) || Si.code ||
gen(‘goto’ S.next) || gen(E.false :”) || Sz.code

S ->while E do S, S.begin := newlable;

E.true := newlable;

E.false := S.next

Si.next := S.begin;

S.code := gen(S.begin ‘:”) || E.code || gen(E.true :”) ||
Si.code || gen(‘goto’ S.begin)

Vi du 1: sinh doan ma ba dia chi cho doan ma nguén sau:
while a<>b do

if a>b then
a:=a-b
else
b:=b-a
Loi gidi:
Ll: ifa<>b goto L2
goto Lnext
L2: ifa>b goto L3
goto L4

L3: tl:=a-b



a:=tl
goto L1
L4: t2:=b-a
b:=12
goto L1

Lnext:
2.2.3.Cac khai bao.

Péi voi cac khai bao dinh danh, ta khong sinh ra ma 1énh twong tng trong ma
ba dia chi ma dung bang ky hi¢u dé lwu trit. Nhue vdy c6 thé hiéu la két qua ciia sinh mé
ba dia chi tir chieong trinh nguon la tdp lénh ba dia chi va bang ky hiéu quadn Iy cdc dinh danh.

Véi mdi dinh danh, ta luu céc thong tin vé kiéu va dia chi twong d6i dé luu gia
tri cho dinh danh do.

Gia sir ky hiéu offset dé chira dia chi twong d6i ctia cac dinh danh; mdi s6
interger chiém 4 byte, s6 real chira 8 byte va mdi con tré chira 4 byte; gia sir ham
enter dung dé nhap thoéng tin vé kiéu va dija chi twong dbi cho mot dinh danh, chiing
ta co vi du duoi day mo ta viéce sinh thong tin vao bang ky hi¢u cho cac khai bao.

San xuit Luit ngir nghia
P->D offset :=0
D->D;D
D->id: T enter(id.name, T.type, offset) ;
offset := offset + T. width
T -> interger T.type := interger;
T. width :=4
T -> real T.type :=real; T. width := 8
T ->array [ num ] of T, T.type := array(num.val,T,.type);

T.width := num.val * T,. width

T ->"T, T.type := pointer(T;.type)
T. width :=4




Trong cac doan ma ba dia chi, khi dé cap dén mot tén, ta s& tham chiéu dén bang ky
hiéu dé 1y thong tin vé kiéu, dja chi twong Gmg dé sir dung trong céc cau 1énh. Hay
néi cach khdc ching ta cé thé thay mét dinh danh béi chi muc cua dinh danh dé trong bang ky
hiéu.

Chii ¥ Pia chi trong d6i cia mot phan tir trong mang, vi du x[i], duoc tinh bang
dia chi ctia x cOng voi i lan do dai cua mdi phﬁn tur.

e A

Bai tap

Bai tap 1: Hay chuyén cac cau lénh hoac doan chuong trinh sau thanh doan ma ba
dia chi:

1) a*-(b+c)
2) doan chuong trinh C
main ()
{ inti; int a[100];
i=1;
while(i<=10)
{ali]=0;
i=i+1,;
/
fo
.1. Dich bicu thttic : a * - (b + ¢) thanh cac dang :
a) Cy cl phap.
b) Ky phap hau t6.

c) Ma I¢nh may 3 - dia chi.

8.2. Trinh bay cau trac luu trir biéu thitc - (a+b)* (c+d)+(a+b+c) & cac dang:
a) Bo tur .
b) BO tam.

¢) Bo tam gian tiép.

8.3. Sinh ma trung gian ( dang ma may 3 - dia chi) cho céc biéu thirc C don gian sau :

a)x=1
b)x=y
c)x=x+1

dyx=a+b*c
e)x=a/(b+c)-d*(e+f)

8.4. Sinh m trung gian ( dang ma may 3 - dia chi) cho cac biéu thirc C sau :



a)x=ali]+11
byali]=b[c[j]]

c) a [1][j] = b [i][k] * ¢ [Kk][j]
d) a[i] = a[i] + b[j]

e) a[i] +="bl[j]

8.5. Dich 1énh gan sau thanh ma may 3 - dia chi :

Al =Bl ]+CIA[KI]+D[1+]]



CHUONG 9 SINH MA

1. MUC PICH NHIEM VU

Giai doan cudi ciia qua trinh bién dich la sinh ma dich. Ky thudt sinh ma dich dwoc
trinh bay trong chwong nay khong phu thugc vao viéc dung hay khong dung giai doan toi vu ma
trung gian

Chuong Bién dich | Métrung | Batdi | Mitrung| Basiph |Chuong
trinh ngudn | Phiatrudc gian wu mi gian médich | trinh
dich
\- Bing /
danh bidu

Sinh ma tot rat kho, ma sinh ra thuong gan véi mot loai may tinh cu thé nao
do.

Pau vao cta bd sinh méi 13 ma trung gian, ddu ra 1a mot chuwong trinh viét
dang ma d6i twong nio d6 va goi 1a chwong trinh dich.

Pau vao clia b sinh mi gém biéu dién trung gian cua chuong trinh ngudn, cling
thong tin trong bang danh biéu duoc dung dé xac dinh dija chi cta cac dbi tuong dir liéu
trong thoi gian thuc thi. Cac ddi tuong dit liéu nay duge tuong trung bang tén trong biéu
dién trung gian. Biéu dién trung gian clia chuong trinh ngudn c6 thé & mot trong céc
dang: ky phap hau t6, ma ba dia chi, cdy ct phap, DAG

Tiéu chuan quan trong nhat ddi véi bo sinh ma la sinh ma dung.Tinh dung ciia ma
c6 mot y nghia rat quan trong. Voi nhimng quy dinh vé tinh dung clia ma, viéc thiét ké b

sinh mi sao cho n6 dugc thuc hién, kiém tra, bao tri don gian la myc tiéu thiét ké quan
trong .

2. CAC DANG MA POI TUQNG.
2.1. M may dinh vi tuyét doi.

Mot chuong trinh ma may tuyét dbi co cac 1énh ma may dugc dinh vi tuyét
doi. Chuong trinh dich x4c dinh hoan toan chuong trinh doi tuong nay.

Ma dugc mot chuong trinh dich thuc sy tao ra va dat vao céc vi tri nay nén
chuong trinh c6 thé hoat dong ngay.



Uu diém: giam so

2.2. M ddi twong c6 thé dinh vi lai dwoc.

2.3. M déi twong théng dich.

Viéc tao ra chuong dich ¢ dang hop ngit cho phép ta dung bd bién dich hop ngir dé
tao ra ma may.

3. CAC VAN PE THIET KE CUA BQ SINH MA.

Swu lua chon chi thi

Tap cac chi thi cua may dich s€ xac dinh tinh phirc tap cua vi€c lya chon chi thi. Tinh
chuan va hoan chinh cua tap chi thi 1a nhimg yéu t6 quan trong. Néu may dich khong
cung cap mot mau chung cho mdi kiéu dit liéu thi mdi truong hop ngoai 1€ phai xu ly
riéng. Toc d6 chi thi va su biéu dién cua may ciing 1a nhitng yéu td quan trong. Néu ta
khong quan tim dén tinh hiéu qua ciia chuong trinh dich thi viéc Iya chon chi thi s& don
gian hon. Véi mdi 1énh ba dia chi ta c6 thé phac hoa mot bd khung cho ma dich. Gia st
1énh ba dja chi dang x :=y + z, Vvéi x, y, z dugc cip phat tinh, c6 thé dugc dich sang
chudi ma dich:

MOV y, RO /* Luw y vao thanh ghi Ro */
ADD z, RO /* cong z vao ngi dung Ro, ket qua chira trong Ro */
MOV RO, x /* lwu noi dung Ro vao x */

Tuy nhién vi¢c sinh ma cho chudi cac 1énh ba dia chi s& dan dén sy du thira ma. Chfmg
han voi:
a:=b +c
d=a+e
ta chuyén sang mi dich:

MOV b, R,
ADD ¢, R,
MOV R, a
MOV a, R,
ADD eR,
MOV R, d
va ta nhan thiy rang chi thi tht tu 13 thira.

Chat luong ma dugc tao ra, dugc xac dinh b?lng tdc d6 va kich thudc ciia ma. Mot may
dich co tap chi thi phong phu c6 thé s€ cung cap nhiéu cach dé hién thuc mét tac vu cho
trudc. Pi€u nay co6 thé dan dén toc do thuc hién chi thi rat khac nhau. Chang han, néu may



dich ¢6 chi thi INC thi cau 1énh ba dia chi a -= a + I ¢6 thé dwrgc cai dat chi bang cdu
lénh INC a. Cach nay hiéu qua hon la dung chudi céc chi thi sau:

MOV a, R,
ADD #1, R,
MOV R,a

Nhu ta d néi, te do cia chi thi 1a mot trong nhing yéu t6 quan trong dé thiét ké chudi
ma tot. Nhung, thong tin thoi gian thuong kho xac dinh.

Viéc quyét dinh chudi md may nao la tdt nhat cho cau 1énh ba dia chi con phu thude
vao ngtr canh ctia noi chud cau 1énh do.
Cap phat thanh ghi

Cac chi thi dung toan hang thanh ghi thuong ngin hon va nhanh hon céc chi thi ding
todan hang trong bd nho. Vi thé, hiéu qua cua thanh ghi dac bi¢t quan trong trong viéc
sinh ma tot. Ta thuong dung thanh ghi trong hai truong hop:

1. Trong khi cAp phat thanh ghi, ta lwa chon tap cac bién luu tra trong cac thanh ghi tai
mot thoi diém trong chuong trinh.
2. Trong khi gén thanh ghi, ta lay ra thanh ghi dic biét ma bién s€ thuong tra trong do.

Viéc tim kiém mot 1énh gan t6i wu cua thanh ghi, ngay voi ca cac gia tri thanh ghi don,
cho cac bién 1a mot cong viéc kho khan. Van dé cang tr& nén phirc tap hon vi phan cling
va / hodc hé diéu hanh cua may dich yéu cau qui udc sir dung thanh ghi.

3.3. Quan ly bo nhé.

Trong phan nay ta s& néi vé viéc sinh ma dé quan 1y cac mau tin hoat dong trong thoi
gian thyc hién. Hai chién lugc cap phat bd nhé chuan dugce trinh bay trong chuong VII 14
cap phat tinh va cp phat Stack. Vi cip phat tinh, vi tri cia mau tin hoat dong trong bd
nh¢ duge xac dinh trong thoi gian bién dich. Vi cAp phat Stack, mot méu tin hoat dong
dugc dua vao Stack khi c6 su thuc hién mot thi tuc va duoc ldy ra khoi Stack khi hoat
dong két thuc. O day, ta s€ xem xét cach thirc ma dich cua mot thu tuc tham chiéu téi cac
dbi tuong dir liéu trong cic méu tin hoat dong. Nhu ta da noi 6 chuong VII, mot mau tin
hoat dong cho mét thii tuc c6 cac trudng: tham sb, két ‘qua, thong tin vé trang thai may, dir
liéu cyc bg, luu trir tam thoi va cuc bg, va cac lién két. Trong phan nay, ta minh hoa cic
chién luoc cap phat sir dung truong trang thai dé giir gia trj tra vé& va dit liéu cuc bo, cac
truong con lai duge dung nhu da dé cap ¢ chuong VIL

Viéc cap phat va giai phong cac mau tin hoat dong 13 mot phan trong chudi hanh vi goi
va tra vé ctia chuong trinh con. Ta quan tAm dén viéc sinh ma cho cac 1énh sau:

1. call
2. return
3. halt



4. action /* twong trung cho cac lénh khac */

Chang han, ma ba dia chi, chi chtra cac loai cau 1é€nh trén, cho cac chuong trinh ¢ va p
cling nhu cac mau tin hoat dong cua chung:

* i cho s #/

action;
call p
actiong — —
halt (| Diachitrd w8 o | Piachitrd vé
& art 4. buf
* mi cho ¢ */
actions 56: i
return
& 1 &4 n
Bang ma Bang ght hoat Bang ghi hoat
diong cho ¢ ddng cho p

Hinh 9.2 - Dau vao cua bo sinh ma

Kich thudc va viée xép dit cac mau tin dugc két hop voi bo sinh ma nho thong tin vé
tén trong bang danh biéu.

Ta gid st by nhé thoi gian thuc hién dugc phan chia thanh cac vung cho ma, dir li¢u
tinh va Stack.

1. Cap phat tinh

Chung ta s€ xét cac chi thj can thiét dé thuc hién viée cép phat tinh. Lénh call trong ma
trung gian du:ch thuc hién bang day hai chi thi dich. Chi tht MOV luu dia chi tra vé. Chi
thi GOTO chuyén quyén di¢u khién cho chuong trinh dugc goi.

MOV # here + 20, callee.static area
GOTO callee.code area

Céc thudc tinh callee.static_area va callee.code_area 13 cac hang tham chiéu téi cac dia
chi ctia mau tin hoat dong va chi thi dau tién trong doan ma cua chuong trinh con dugc
goi. # here + 20 trong chi thi MOV 1a dia chi tra vé. No cling chinh 1a dia chi cua chi thi
dung sau 1énh GOTO. M4 ctia chuong trinh con két thiic bang 1énh tra vé chuong trinh
goi, trir chwong trinh chinh, d6 1a 1énh halt. Lénh nay tra quyén diéu khién cho hé diéu
hanh. Lénh tra vé dugc dich sang ma may la GOTO *callee static _area thuc hi¢n viéc
chuyén quyén diéu khién vé dia chi duoc luu gitt ¢ 6 nhé dau tién ctia mau tin hoat dong



Vi du 9.1: Ma dich trong chuong trinh sau dugc tao ra tr cac chuong trinh con c va p ¢
hinh 9.2. Gia su rﬁng: cic mi d6 duoc luu tai dia chi bat dau 13 100 va 200, mdi chi thi
action chiém 20 byte, va cdc mau tin hoat dong cho ¢ va p dugc cip phat tinh bit dau tai
cac dia chi 300 va 364 . Ta dung chi thi action dé thuc hién cau 1énh action. Nhu vay, ma
dich cho cac chuong trinh con:

/* ma cho c*/
100: ACTION;,
120: MOV #140, 364 /* luu dia chi tra vé 140 */
132: GOTO 200 /*goip */
140: ACTION,
160: HALT

/* md cho p */
200: ACTION;

220: GOTO *364 /* tra vé dia chi dwoc luu tai vi tri 364 */

/% 300-364 luu mdu tin hoat dong cua c */
300: /* chita dia chi trd vé */
304: /*dir liéu cuc bo cua ¢ ¥/

/* 364 - 451 chira mdu tin hoat ddng ciia p */
364: /* chika dia chi tra vé */
368: /* dir lieu cuc bo cuap */

Hinh 9.3 - Md dich cho dau vao cia hinh 9.2

Su thyc hién bit dau bang chi thi action tai dia chi 100. Chi thi MOV & dia chi 120 s&
lwu dia chi tra vé& 140 vao trudng trang thai mdy, 1a tir du tién trong mau tin hoat dong
ctia p. Chi thi GOTO 200 s& chuyén quyén diéu khién vé chi thi dau tién trong doan ma
ctia chuong trinh con p. Chi thi GOTO *364 tai dia chi 132 chuyén quyén diéu khién sang
chi thi d4u tién trong ma dich cta chwong trinh con duoc goi.

Gia tri 140 duoc luu vao di? chi 364, *364 bjéu diér} gia tri 140 khi lér}h GOTO tai dia
chi 220 dugc thyc hién. Vi thé quyén di¢u khién tra vé dia chi 140 va tiép tuc thuc hi¢n
chuong trinh con c.

2. Cép phit theo co ché Stack

CAp phat tinh s& tré thanh cp phat Stack néu ta st dung dja chi twong d6i dé luu giir
cac mau tin hoat dong. Vi tri méu tin hoat dong chi dugc xac dinh trong thoi gian thuc thi.
Trong cap phat Stack, vi tri nay thuong dugc luu vao thanh ghi. Vi thé cac 6 nhé ctia mau
tin hoat dong duogc truy xuat nhu 1a d6 doi (offset) so v6i gid tri trong thanh ghi do.

Thanh ghi SP chira dia chi bit diu ctia mau tin hoat dong cta chwong trinh con ndm
trén dinh Stack. Khi 161 goi ctia chuong trinh con xuat hién, chuong trinh bi goi dugc cap



phat, SP duoc tang 1én mot gia tri bang kich thudc mau tin hoat dong cua chuong trinh
goi va chuyén quyén diéu khién cho chuong trinh con dugc goi. Khi quyen diéu khién tra
ve€ cho chuong trinh goi, SP giam di mot khoang bang kich thudc mau tin hoat dong cia
chuong trinh goi. Vi thé, mau tin ciia chuong trinh con duoc goi da duoc giai phong.

Mi cho chuong trinh con dau tién c¢6 dang:

MOV # Stackstart, SP /* khoi dong Stack */
Doan ma cho chwong trinh con ’
HALT /* ket thuc sw thuc thi */

Trong do chi thi dau tién MOV #Stackstart, SP khdi dong Stack theo cach dat SP bang
voi dia chi bat dau cua Stack trong vung nho.

Chudi goi s& ting gia tri cua SP, luu gitt dia chi trd vé va chuyén quyén diéu khién vé
chuong trinh dugc goi.

ADD # caller.recordsize, SP ‘
MOV # here + 16, *SP /* lvu dia chi tra vé */
GOTO callee.code _area

Thuoc tinh caller.recprdsi’ze l?iéu dién }(ich thudc cia mau tip hoat dong. Vi thé, chi thi
ADD dua SP tré téi phan bat dau ciia mau tin hoat dong ké ti€p. #here +16 trong chi thi
MOV 1la dia chi cua chi thi theo sau GOTO, n6 duoc luu tai dia chi dugc tré boi SP.

Chudi tra vé gom hai chi thi:
1. Chuong trinh con chuyén quyén diéu khién t6i dia chi tra vé

GOTO *0(SP) /* trd vé chwong trinh goi */
SUB #caller.recordsize, SP

Trong d6 O(SP) 12 dia chi ctia 6 nh¢ dau tién trong mau tin hoat dong. *O(SP) tra vé
dia chi dugc luu tai day.

2. Chi thi SUB #caller.recordsize, SP: Giam gia tri cua SP xudng mot khoang bang
kich thudc mau tin hoat dong ctia chuong trinh goi. Nhu vay mau tin hoat dong chuong
trinh bi goi da xo6a khoi Stack .

Vi du 9.2: Gia st rang kich thudc clia cac méu tin hoat ddng cia cac chuong trinh con s,
p, va q dugc xac dinh tai thoi gian bién dich 1a ssize, psize, va gsize tuong ung. O nhé
dau tién trong mdi mau tin hoat dong Iuu dia chi tra vé. Ta cling gia st rang, doan ma cho
cac chuong trinh con nay bét dau tai cac dia chi 100, 200, 300 tuong trng, va dia chi bét
dau cta Stack 14 600. Ma dich cho chuong trinh trong hinh 9.4 dwgc mo ta trong hinh
9.5:



100:
108:
128:
136:
144:
152:
160:
180:

200:
220:

300:
320:
328:
336:
344:
352:
372:
380:
388:

/* ma cho s */
actionl
call q
action2
halt

/* ma cho p */
action3
return

/* ma cho q */
actiony
call p
actions
call q
actiong
call q
return

Hinh 9.4 - Md ba dia chi minh hoa cdp phat sir dung Stack

MOV # 600, SP
ACTION,

ADD #ssize, SP
MOV #152, *SP
GOTO 300
SUB {#ssize, SP
ACTION,
HALT

ACTION;
GOTO *0(SP)

ACTION4

ADD  #gsize, SP
MOV #344, *SP
GOTO 200

SUB #gsize, SP
ACTION;

ADD #gsize, SP
MOV #396, *SP
GOTO 300

/* md cho s*/
/* khoi dong Stack */
/* chudi goi badt dd‘q */
/* luu dia chi tra vé */

/* goi g */
/* Luu giit SP */

/*md chop */
/* trd vé chirong trinh goi */
/* md cho q */
/* nhay cé diéu kién vé 456 */

/* luu dia chi tra vé */
/*goip ¥/

/* luu dia chi tra vé */
/*goiq */



396: SUB #gsize, SP
404: ACTION,
424: ADD #gsize, SP

432: MOV #448, *SP /* hwu dia chi tra vé */

440: GOTO 300 /*goiq */

448: SUB #gsize, SP ‘

456: GOTO *0(SP) /* tra vé chwong trinh goi */

600: /* dia chi bdt dau ciia Stack trung tam */

Hinh 9.5 - Ma dich cho chuéi ba dia chi trong hinh 9.4

Ta gia sir rang action4 gdbm 1énh nhay co diéu kién toi dia chi 456 c6 1énh tra vé tir q.
Nguoc lai chuong trinh d€ quy q c6 the goi chinh né mai. Trong vi du nay chung ta gia su
lan goi dau tién trén q s€ khong tra vé chuong tinh goi ngay, nhung nhung lan sau thi co
thé. SP ¢6 gia tri luc dau 1a 600, dia chi bat dau cta Stack. SP luu giit gia tri 620 chi trudc
khi chuyén quyén diéu khién tir s sang q vi kich thudc ctia mau tin hoat dong s 1a 20. Khi
q goi p, SP s& tang Ién 680 khi chi thi tai dia chi 320 duoc thyc hién, Sp chuyén sang 620
sau khi chuyén quyén diéu khién cho chuong trinh con p. Néu 10i goi dé quy cia q tra vé
ngay thi gi4 trj lain nhit ctia SP trong sudt qua trinh thyuc hién 13 680. Vi tri dugc cap phat
theo co ché Stack c6 thé 1én dén dia chi 739 vi méu tin hoat dong cta q bat dau tai 680 va
chiém 60 byte.

3. Dia chi cia cac tén trong thoi gian thuc hién

Chién lugc cép phat luu trit va Xép dat dir li€u cuc bd trong mau tin hoat dong cua
chuong trinh con xac dinh cach thuc truy xuat vung nhé cia tén.

Néu chung ta dung co ché cip phat tinh véi ving dir liéu duoc cap phat tai dia chi
static. Vi 1énh gan x := 0, dja chi trong ddi cta x trong bang danh biéu 1a 12. Vay dia chi
cua x trong by nh¢d 1a static + 12. Lénh gan x:=0 duogc chuyen sang ma ba dia chi
static[12] := 0. Néu vung dit liéu bit dau tai dia chi 100, ma dich cho chi thi la:

MOV #0,112

Néu ngon ngir ding co ché display dé truy xuat tén khong cuc b, gia sir x 1a tén cuc
bd cuia chuong trinh con hién hanh va thanh ghi R3 luu giir dia chi bat dau cua mau tin
hoat dong do thi ching ta s€ dich 1€nh x := 0 sang chu6i ma ba dia chi:

.= ]2 +R3
* t = 0

Tir d6 ta chuyén sang ma dich:

MOV #0, 12(R3)



Chii y rang, gid tri thanh ghi R3 khéng dwoc xdc dinh trong thoi gian bién dich
3.4. Chon chi thi I€nh.

Tap céc chi thi cia may dich s€ xac dinh tinh phtic tap cua vi¢c lya chon chi thi. Tinh
chuan va hoan chinh cua tap chi thi la nhimg yéu t6 quan trong. Néu may dich khong
cung cap mot mau chung cho mdi kiéu dit liéu thi mdi truong hop ngoai I¢ phai xu Iy
riéng. Toc do chi thi va sy biéu dién cua may ciing la nhiing yéu td quan trong. Néu ta
khong quan tim dén tinh hiéu qua ciia chuong trinh dich thi viéc lya chon chi thi s& don
gian hon. Véi mdi 1énh ba dia chi ta c6 thé phac hoa mot bd khung cho ma dich. Gia su
1énh ba dja chi dang x :=y + z, Vvéi x, y, z dugc cdp phat tinh, c6 thé dugc dich sang
chudi ma dich:

MOV y, RO /* Luu 'y vao thanh ghi Ro ™/
ADD z, RO /* cong z vao ngi dung Ro, ket qua chira trong Ro */
MOV RO, x /* luu noi dung Ro vao x */

Tuy nhién viéc sinh mi cho chudi cac 1énh ba dia chi s& dan dén sy du thira ma. Chéng
han voi:
a:=b+c
d=a+e
ta chuyén sang mi dich:

MOV b, R,
ADD ¢, R,
MOV R,, a
MOV a, Ry
ADD eR,
MOV R, d
va ta nhan thiy rang chi thi tht tu 13 thira.

Chét luong ma duoc tao ra, dugc xac dinh béng tdc do va kich thudc ctia ma. Mot may
dich c6 tap chi thi phong phu co thé s& cung cap nhiéu cach dé hién thyc mot tac vu cho
trude. Diéu nay co thé dan dén tc do thuc hlen chi thi rat khac nhau. Chang han, néu may
dich c6 chi thi INC thi cau Iénh ba dia chia :=a + 1 ¢6 thé dwoc cai dat chi bang cdu
lénh INC a. Cdch ndy hiéu qud hon 1a dung chudi cac chi thi sau:

MOV a, R,
ADD #1, R,
MOV R,a

Nhu ta d néi, te do cia chi thi 1a mot trong nhitng yéu té quan trong dé thiét ké chudi
ma tot. Nhung, thong tin thoi gian thuong kho xéc dinh.



Viéc quyet dinh chuoi ma may nao la tot nhat cho cau 1énh ba dia chi con phu thude
vao ngit canh cua noi chua cau 1€nh do.

3.5. Stir dung thanh ghi.

Céc chi thi dung toan hang thanh ghi thuong ngan hon va nhanh hon céc chi thi dung
toan hang trong by nho. Vi thé, hiéu qua cua thanh ghi dac biét quan trong trong viéc
sinh ma tot. Ta thuong dung thanh ghi trong hai truong hop:

1. Trong khi cip phat thanh ghi, ta Iyra chon tap cac bién luu tra trong cac thanh ghi tai
mat thoi diém trong chuong trinh.
2. Trong khi gan thanh ghi, ta lay ra thanh ghi dac biét ma bién s€ thudng tra trong do.

Viéc tim kiém mot 1énh gan t6i wu ctia thanh ghi, ngay véi ca cac gia tri thanh ghi don,
cho céac bién la mdt cong viéc khod khdn. Van dé cang tré nén phirc tap hon vi phan cung
va / hodc hé di€u hanh cua may dich yéu cau qui udc st dung thanh ghi.

3.6. Thir ty lam viéc.

Thir ty thyc hién tinh toan c6 thé anh huong dén tinh hiéu qua cua ma dich . Mot sb
th ty tinh toan c6 thé can it thanh ghi dé lu’u glu cac két qua trung gian hon céc thu tu
tinh toan khac. Viéc lya chon duge thir tu tot nhat 1a mot van dé kho. Ta nén tranh van dé
nay bang cach sinh ma cho cac I¢nh ba dia chi theo thir ty ma ching da dugc sinh ra béi
bd ma trung gian.

Sinh ma

Tiéu chuan quan trong nhat cta bo sinh ma 1a phai tao ra ma ding. Tinh ding cua ma
c6 mot y nghia rat quan trong. Voi nhirng quy dinh vé tinh dung clia ma, viéc thiét ké b
sinh mé sao cho nd duge thuc hién, kiém tra, bao tri don gian 1a muyc tiéu thiét ké quan
trong .

4. MAY DICH.

Trong chuong trinh nay, chung ta s€ dung may dich nhu 1a may thanh ghi (register
machine). May nay tuong trung cho may tinh loai trung binh. Tuy nhién, cac ky thuat
sinh ma dugc trinh bay trong chuong nay c6 thé dung cho nhiéu loai may tinh khac nhau.

M4y dich cia chiing ta 1a may tinh dia chi byte vdi mdi tir gdm bon byte va c6 n thanh
ghi : Ry, Ry ... Ry.i . May dich gom céc chi thi hai dia chi ¢c6 dang chung:

op source, destination

Trong d6 op 12 mi tac vu. Source (nguodn) va destination (dich) 1a cac trudng dir liéu.
Vi du mot s6 ma tac vu:



MOV chuyén source dén destination
ADD cong source va destination
SUB trir source cho destination

Source va destination ctia mot chi thi duoc xac dinh bang cach két hop cac thanh ghi
va cac vi tri nhé véi cac mode dia chi. M6 ta content (a) biéu dién cho ndi dung cta thanh
ghi hoac dia chi cua bd nhéd duogc biéu dién béi a.

mode dia chi cung véi dang hop ngit va gia két hop:

Mode Dang Dia chi Gia
Absolute M M 1
Register R R 0
Indexed c(R) ¢ + contents (R) 1

Indirect register *R contents ( R) 0
Indirect indexed *c(R) contents (c+ contents ( R)) 1

Vi tri nhd M hodc thanh ghi R biéu dién chinh no khi dqgc st dung nhu mot nguén
hay dich. Do do1i dia chi c tir gia tri trong thanh ghi R dugc viét 1a ¢( R).

Chdng han:

1. MOV Ry, M : Luu ndi dung ctia thanh ghi Ry vao vi tri nh¢ M .

2. MOV 4(R,), M : Xac dinh mot dia chi méi bang cach lay do doi twong doi
(offset) 4 cong v&i ndi dung ciia Ry, sau d6 1ay ndi dung tai dia chi nay, contains(4 +
contains(Ry)), luu vao vi tri nhé M.

3. MOV * 4(Ry), M : Luu gia tri contents (contents (4 + contents (Ry))) vao vi tri
nhé M.

4. MOV #1, R, : Lay hang 1 luu vao thanh ghi R,.

Gia cua chi thi

Gia cua chi thi (instrustion cost) dugc tinh bang mot cong voi gia két hop mode dia chi
ngudn va dich trong bang trén. Gia nay tugng trung cho chiéu dai cta chi thi. Mode dia
chi ding thanh ghi s& c6 gia bang khong va c6 gia bang mét khi né dung vi tri nhé hodc
hang. Néu van dé vi tri nhé 1a quan trong thi ching ta nén t6i thiéu hoa chiéu dai chi thi.
Déi véi phan 16n cac may va phan 16n cac chi thi, thoi gian can dé lay mot chi thi tir bo
nhé bao gid cling xay ra trude thoi gian thue hién chi thi. Vi vy, bang viée t6i thiéu hoa
d6 dai chi thi, ta con tdi thiéu hoa dugc thoi gian can dé thyuc hién chi thi.

Mot s6 minh hoa viéc tinh gid cua chi thi:



1. Chi thi MOV Ry, R, : Sao chép ndi dung thanh ghi R, vao thanh ghi R;. Chi thi nay
c6 gid 1a mot vi no chi chiém mot tir trong by nho .

2. MOV Rs, M: Sao chép ni dung thanh ghi Rs vao vi tri nhd M. Chi thi nay c6 gia
tri 1a hai vi dia chi ctia vi tri nhé M 1a mot tir sau chi thi.

3. Chi thi ADD #1, Rs: cong hang 1 vao ndi dung thanh ghi Rs. Chi thi ¢6 gia 13 hai vi
hang 1 phai xuat hién trong tir ké tiép sau chi thi.

4. Chi thi SUB 4(Ry), *12 (R)) : Luu gia tri ctia contents (contents (12 + contents
(R1))) - contents (4 + contents (Ro)) vao dich *12( R,). Gia cua chi thi ndy 1 ba vi hang 4
va 12 duoc luu trir trong hai tir ké tiép theo sau chi thi.

V&i mdi cau lénh ba dia chi, ta co thé co nhiéu cach cai dat khac nhau. Vi du cau lénh
a:=b+c-trong do b va c la bién don, dugc luu chira trong céc vi tri nhd phan bigt co6 tén
b, ¢ - ¢6 nhitng cach cai dat sau:

1. MOV b, R,
ADD ¢, RO gia= 6
MOV R, a

2. MOV b, a gia= 6
ADD ¢, a

3. Gia st thanh ghi RO, R1, R2 gii dia chi cta a, b, c. Chung ta ¢ thé dung hai dia
chi sau cho viéc sinh ma 1&€nh:
a:=b+c =>
MOV *RI, *Ro gida =2
ADD * R, *R,
4. Gia st thanh ghi R1 va R2 chira gia tri ctia b va ¢ va trj cua b khong can luu lai
sau 1énh gan. Chiing ta c6 thé dung hai chi thi sau:
ADD R2, RI gida =3
MOV Ry, a

Nhu vay, véi mdi cach cai dat khac nhau ta cé nhimng gia khac nhau. Ta ciing thay rang
mudn sinh ma tot thi phai ha gid cta céc chi thi . Tuy nhién viéc lam khé ma thuc hién
dugc. Néu ¢ nhiing quy wdc trude cho thanh ghi, luu gitt dia chi cta vi tri nhd chua gia
trj tinh toan hay dia chi dé dwa tri vao, thi viéc Iya chon chi thi s& d& dang hon.

5. MOT BQ SINH MA PON GIAN.

Ta gia st rang, bo sinh ma nay sinh ma dich tir chudi cac 1énh ba dia chi. Mdi toan tir
trong 1énh ba dia chi tuong ing vd1 mdt toan tr cua may dich. Cac két qua tinh todn co
thé nam lai trong thanh ghi cho t&1 bao 1au c6 thé dugce va chi dugc luu trir khi:

(a) Thanh ghi d6 dugc stir dung cho su tinh toan khac
(b) Trudc khi co6 1énh goi chuong trinh con, I¢énh nhay hodc Iénh c6 nhan.

Diéu kién (b) chi ra ring bét clr gia tri ndo ciing phai duoc luu vao b nhd trude khi
két thic mot khoi co ban. Vi sau khi ra khoi khoi co ban, ta cé thé di td1 cac khoi khac
hodc ta c6 thé di té1 mot khoi xac dinh tir mot khoi khac. Trong truong hop (a), ta khong



thé lam duoc diéu ndy ma khong gia st rang sb luong duoc dung bai khbi xudt hién
trong cung thanh ghi khong c6 cach nao dé dat toi khdi d6. Pé tranh 16i c¢6 thé xay ra, giai
thuat sinh ma don gian s& luu giit tit ca cac gid tri khi di qua ranh giéi cua khdi co ban
cling nhu khi goi chuong trinh con.

Ta c6 thé tao ra ma phu I}Qp voicaulénhbadiachia =56 + ¢ néq ta tao ra chi thi don
ADD Rj, Ri véi gid 1a 1. Két qua a dugc dua vao thanh ghi Ri chi néu thanh ghi Ri chira
b, thanh ghi Rj chtra c, va b khong duogc st dung nira.

Néub & trong Ri, ¢ ¢ trong bo nhé , ta co thé tao chi thi:
ADD ¢, Ri gia =2

Hodc néu b & trong thanh ghi Ri va gia tri cqﬁa ¢ dugc dua tr bd nhd vao Rj sau do
thuc hién phép cong hai thanh ghi Ri, Rj, ta c6 thé tao céc chi thi:

MOV ¢ R,
ADD Rj, Ri gid =3

Qua cac truong hop trén chiing ta thay rang c6 nhi€u kha nang dé tao ra ma dich cho
mot Iénh ba dia chi. Tuy nhién, vi¢c Iya chon kha nang nao lai tuy thudc vao ngtr canh
cua moi thoi diém can tao ma.

1. M6 ta thanh ghi va dia chi

Giai thuat sinh ma dich dung bd mo ta (descriptor) dé luu giir ndi dung thanh ghi va
dia chi cua tén.

1. BO mo ta thanh ghi s€ luu gitr nhimng gi ton tai trong tung thanh ghi cling nhu cho ta
b1et khi ndo cdn mot thanh ghi mai. Ta gia su rang lac dau, bdo mod ta s€ khoi dong sao cho
tat ca cac thanh ghi déu réng. Khi sinh ma cho cac khdi co ban, mdi thanh ghi s& giit gia
tri 0 hodc céc tén tai thoi diém thuc hién.

2. Bo mé ta dia chi s& luu gitr cac vi tri nhé noi gia tri cta tén c6 thé duoc tim thay tai
thoi diém thue thi. Cac vi tri d6 c6 thé 1a thanh ghi, vi tri trén Stack, dia chi bo nhé. Tat ca
cac théng tin ndy duoc luu chira trong bang danh biéu va s& duoc dung dé xac dinh
phuong phap truy xuét tén.

2. Gidi thuat sinh ma dich

Giai thuat sinh ma s& nhan vao chudi cac 1énh ba dia chi ciia mot khoi co ban. V&i moi
1é€nh ba dia chi dang x :=y op z ta thuc hi¢n cac budc sau:

1. Goi ham getreg dé xac dinh vi tri L noi luu gitr két qua cta phép tinh y op z. L
thuong la thanh ghi nhung no ciing c6 thé 1a mot vi tri nhé.



2. Xac dinh dia chi mé ta cho y dé tir d6 xac dinh y’ mot trong nhimg vi tri hién hanh
ctia y. Chung ta vu tién chon thanh ghi cho y’ néu ca thanh ghi va vi tri nh¢ dang giir gia
tri ciia y. Néu gia tri cua y chua c6 trong L, ta tao ra chi thi:

MOV y' L dé luu ban sao ciia y vao L.

3. Tao chi thi op z', L v&i Z' 14 vi tri hién hanh cua z. Ta wu tién chon thanh ghi cho 7'
néu gia tri cua z dugc luu gitt ¢ ca thanh ghi va by nhé. Viéc xac 1ap mo ta dia chi cua x
chi ra rang x dang & trong vi tri L. Néu L 1a thanh ghi thi L 1 dang gitr tri ctia x va loai bo
x ra khoi tat ca cic bo mo ta thanh ghi khéc.

4, Néu gia tr1 hién tai cua y va/ hoac z khong con dugc dung nira khi ra khoi khdi, va
chung dang & trong thanh ghi thi sau khi ra khoi khéi ta phai xac 1ap mé ta thanh ghi dé
chi ra rang cac thanh ghi trén s& khong gitt tri y va/hoic z.

Néu mi ba dia chi c6 phép toan mot ngdi thi cac bude thuc hién sinh ma dich ciing
tuong tu nhu trén.

Mot truong hop can dic biét luu y 13 1énh x := y. Néu y & trong thanh ghi, ta phai thay
ddi thanh ghi va bd mo ta dia chi, 1a gia tri cua x dugc tim théy ¢ thanh ghi chiragia tri cua
y. Néu y khong duogc dung tiép thi thanh ghi d6 s& khong con luu tri cia y nita. Néu yo
trong bo nhd, ta dung ham getreg dé tim mot thanh ghi tai gia tri cua y va xac lap rang
thanh ghi d6 la vi tri cua x. Néu ta théng béo rang vi tri nhé chira gia tri cua x la vi tri nho
ctia y thi vin dé tr& nén phirc tap hon vi ta khong thé thay doi gia tri cua y néu khéng tim
mot chd khac dé luu gia tri cua x trudc do.

3. Ham getreg

Ham getreg s& tra vé vi tri nhd L luu gitr gia tri cua x trong 1énh x := y op z. Sau day 1a
cach don gian dung dé cai dat ham:

1. Néu y dang ¢ trong thanh ghi va y s& khong duoc dung nita sau khi thuc hién x =y
op z thi tra thanh ghi chtra y cho L va xac 1ap thong tin cho bo mé ta dia chi cia y rang y
khong con trong L.

2. Nguoc lai, tra vé mot thanh ghi rong (néu co).

3. Néu khong c6 thanh ghi rdng va néu x con dugc dung tiép trong khéi hodc toan tir
op can thanh ghi, ta chon mot thanh ghi khong rong R. Luu gia tri ciia R vao vi tri nhé M
bﬁng chi thi MOV R,M. Néu M chua chua gia tri nao, xac 1ap thong tin b mo ta dia chi
cho M va tra vé R. Néu R gifr tri cua mQt s6 bién, ta phai dung chi thi MOV dé 1an luot
luu gia tri cho timg bién.

4. Néu x khong dugc dung nita hodc khong c6 mét thanh ghi phu hgp niao duoc tim
théy, ta chon vi tri nhé cuia x nhu L.

Vidu9.5:Lénhgin d:=(a-b)+(a-c)+(a-c)
C6 thé duoc chuyén sang chudi mi ba dija chi:

t:=a-b
u:=a-c



v:=ttu
d:=v+u

va d s& “song” dén hét chuong trinh. Tir chudi 1énh ba dia chi nay, giai thuat sinh ma
vira dugc trinh bay s¢€ tao chudi ma dich véi gia su rang: a, b, ¢ luoén ¢ trong bo nhd vat,
u, v 1a cac bién tam khong c6 trong b nho .

Cau lénh 3 Ma dich Gia | B0 mé ta thanh ghi | B mé ta dia chi
dia chi
t:=a-b MOV a,R 2 Thanh ghi rong, R, t & trong Ry
chtra t
SUB  b,Ry 2 Ry chira t t ¢ trong Ry
u:=a-c MOV a,R, 2 u ¢ rong R,
SUB ¢, R; 2 R, chtrau u ¢ trong R,
v:i=t+u J|ADD R, Ry 1 Ry chura v v ¢ trong Ry
d:=v+u |ADD R, Ry 1 R, chtau d & rong Ry
MOV Ry, d 2 R, chira d d ¢ trong b nhd

Hinh 9.9 - Chudi md dich

Lan goi dau tién clia ham getreg tra vé Ry nhu mot vi tri dé xac dinh t. Vi a khong &
trong R, , ta tao ra chi thi MOV a, Ry va SUB b, Ry. Ta cap nhat lai b0 mo ta dé chi ra
rang R, chtra t.

Viéc sinh mé dich tiép tuc tién hanh theo cach ndy cho dén khi 1énh ba dia chi cudi
cung d := v + u duoc xtr Iy. Chi y rang R, 13 réng vi u khong con duoc dung nita. Sau do
ta tao ra chi thi, cudi cung cua khdi, MOV Ry, d dé luu bién “séng” d. Gia ctia chudi ma
dich duoc sinh ra nhu ¢ trén 1 12. Tuy nhién, ta c¢6 thé giam gia xuéng con 11 bang cach
thay chi thi MOV a, R, bang MOV R,, R, va xép chi thi ndy sau chi thi thir nhat.

4. Sinh ma cho loai Iénh khac
Cac phép toan xac dinh chi sd va con tro trong cdu 1énh ba dia chi dugc thuc hién

giong nhu cac phép toan hai ngéi. Hinh sau minh hoa viéc sinh mé dich cho céc cau 1énh
gan: a := b[i], afi] := b va gid st b dugc cap phat tinh .

Cau Iénh (1) 2) 3)
3 dia chi i trong thanh ghi R; i trong b6 nh¢ Mi i trén Stack
Mi Gi M3 Gia M3 Gis
a=>b[1] MOV Db(R;),R 2 MOV M, R 4 MOV Si(A),R 4
MOV b(R), R MOV b(R), R
a[i]:=b MOV b, a(R)) 3 MOV M;,R 5 MOV Si(A),R 5
MOV b, a (R) MOV b, a(R)




Hinh 9.10 - Chudi ma dich cho phép gan chi muc

Vé6i mdi cau 1énh ba dia chi trén ta c6 thé c6 nhiéu doan mi dich khac nhau tuy thudc
vao 1 dang ¢ trong thanh ghi, hodc trong vi tri nh¢ M; hodc trén Stack tai vi tri S; va con
trd trong thanh ghi A chi téi mau tin hoat dong cua i. Thanh ghi R 13 ket qua tra vé khi
ham getreg dugc goi. D6i voi 1énh gan dau tién, ta dwa a vao trong R néu a tiép tuc dugc
dung trong khéi va c6 san thanh ghi R. Trong cau lénh thir hai ta gia sir rang a dugc cap
phat tinh.

Sau day 1a chudi ma dich dugc sinh ra cho cac 1énh gan con trd dang a := *p va *p :=
a. V1 tri nhé p s€ xac dinh chudi ma dich twong ung.

Cau Iénh| p trong thanh ghi p trong bo nhé Mi p trong Stack
3 dia chi R,
Ma Gia Ma Gia Ma Gia
a=*p MOV *R,, a 2 MOV M, R 3 MOV S,(A),R 3
MOV *R, R MOV *R, R
*p:=a [MOV a, *R, 2 MOV M,, R 4 MOV a, R 4
MOV a, *R MOV R, *S,(A)

Hinh 9.11 - Ma dich cho phép gan con tro

Ba chudi ma dich tuy thudc vao p & trong thanh ghi R, hodc p trong vi tri nhg M,,
hodc p ¢ trong Stack tai offset 1a S, va con tro, trong thanh ghi A, tr6 to1 mau tin hoat
dong cua p. Thanh ghi R 1a ket qua tra vé khi ham getreg dugc goi. Trong ciu 1énh gan
thir hai ta gia st rang a dugc cap phat tinh.

5. Sinh mi cho 1énh diéu ki¢n
May tinh s€ thuc thi 1énh nhay co diéu kién theo mot trong hai cach sau:

1. R& nhanh khi gia tri ctia thanh ghi duoc x4c dinh tring véi mét trong sau diéu kién
sau: am, khong, duong, khong am, khac khong, khong duong. Ching han, cau 1énh ba dia
chi ifx <y goto z ¢ thé dugc thuc hién bang cach 1y x trong thanh ghi R trir y. Sau d6
s& nhay vé z néu gia tri trong thanh ghi R 1a am.

2. Duing tap cac ma diéu kién dé xac dinh gia tri trong thanh ghi R 1a am, bang khong
hay duong. Chi thi so sanh CMP s¢& kiém tra ma diéu kién ma khong can biét trj tinh toan
cu thé. Chang han, CMP x, y xac lap diéu kién duwong néu x > y,... Chi thi nhay c6 diéu
kién duoc thuc hién néu dicu kién <, =, > >=<> <= duoc xé4c lap. Ta dung chi thi nhay
c6 diéu kién CJ <= z dé nhay dén z néu ma diéu kién 1a 4m hoac bang khong.

Chang han, 1énh diéu kién ifx < y goto z duoc dich sang ma may nhu sau.
CMP x,y
CJ<:z
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CS 3240 Homework 1

Scanning and Parsing
Let us consider the language of arithmetic expressions

The alphabet of this language is the set
{+I ~ *I /I (I )I XI yl OI ll 2/ 3/ 4/ 5/ 6/ 7/ 8/ 9}

Note commas are not a part of the alphabet in the above set — they are only shown to separate
elements of the set. That is, strings in this language can be composed only by using one or more

of the following
+ - % / () xy 01234567829

The tokens in this language are of the following classes

MOPER x/

AOPER e

CONS : Strings made of 0 through 9
VAR Xy

OPARAN o

CPARAN )

Consider a compiler that scans and parses the language of arithmetic expressions

Question 1: As you scan the following expression from left to right, list the tokens and the token
class identified by the scanner for each of the arithmetic expressions below. Identify, explain

and clearly mark the errors if any (30 points)
a. (x * (y + 100 ) + v - (x + vy - 320) )
b. (y + 100 * x4+ (2 + x"3) / vyv)

c. x * ) 4+ /100 -y

d. v * ( (% + 100

e. (20 + x * 4 / 30y3 )

The grammar for the language of arithmetic expressions is as follows

<EXPR> — <TERM> AOPER <TERM>
<EXPR> — <TERM>

<TERM> — <FAC> MOPER <FAC>
<TERM> — <FAC>

<FAC> — OPARAN <EXPR> CPARAN
<FAC> — VAR

<FAC> — CONS

Question 2: What are the terminals and non-terminals in this grammar? (10 points)

Question 3: For each of the expressions below, scan it from left to right; list the tokens returned
by the scanner and the rules used by the parser (showing appropriate expansions of the non-



terminals) for matching. Identify, explain and clearly mark the errors if any
(40 points)

a a. (x + vy )

b b. (v * — x ) + 10

c c. (x * (y + 10 ) )
d d. (x+y) * (y+2z)
e e. (x+ (y - (2))

Question 4: You are asked the count the number of constants (CONS), variables (VAR) and
MOPER in an expression. Insert action symbols in the grammar described before Question 2,

explain what semantic actions they trigger and what each semantic action does.
(20 points)

Regular Expressions

Question 1: Consider the concept of “closure”. A set S is said to be closed under a (binary)
operation [ if and only if applying the operation to two elements in the set results in another
element in the set. For example, consider the set of natural numbers N and the “+” (addition)
operation. If we add any two natural numbers, we get a natural number. Formally x, y are
elements of N implies x +y is an element of N. State true or false and explain why

a. Only infinite sets (sets with infinite number of elements, like the set of natural numbers)
can be closed

b. Infinite sets are closed under all operations
c. Theset [a-z] * is closed under concatenation operation

Question 2:

For each of the regular expressions below, state if they describe the same set of strings (state if
they are equivalent). If they are equivalent, what is the string they describe?

1. [a-z] [a-z]* and [a-z]+

2. [a-z0-9]+ and [a-z]+[0-9]+

3. [ab]?[12]" and al|bl|a2|b2

4. [abl2]+ and albl|l|2]|[abl2]*
5. [-az]* and [a-z]*

6. [abec]+ and [cba]l+



7. [a-3] [k-2] and [a-z]

Question 3:

For each of the strings described below, write a regular expression that describes them and draw a
finite automaton that accepts them.

1. 1. The string of zero or more a followed by three b followed zero or more ¢

2. 2. The string of zero or more a, b and ¢ but every a is followed by two or
more b

3. 3. All strings of digits that represent even numbers

4. 4. All strings of @’s and b’s that contain no three consecutive b’s.

5. 5. All strings that can be made from {0, 1} except the strings 11 and 111



Question 1: Pumping Lemma and Regular Languages

You can use the pumping lemma and the closure of the class of regular
languages under

union, intersection and complement to answer the following question. Proofs
should be

rigorous. Note that for each of the questions below, you may or may not have
to use the

pumping lemma.

Note that the notation Om means “0 repeated m times”. So the language of
strings of the

form Om such that m iY 0 would contain strings like the null string 0, 00, 000,
... (this is

[0]*. Whereas the language of strings of the form Om such that m iY 1 would
be [0]+)

a. Is the language of strings of the form 0m1n0m such that m, n iY 0 regular? If
it is regular,

prove that it is regular. If it is not regular, prove that is not regular. Note
that, a rigorous

proof is needed. General reasoning or explanations that are not rigorous will
not get full

credit. (15 points)

b. Consider a language whose alphabet is from the set {a, b}. Is the
language of

palindromes over this alphabet regular? If it is regular, prove that it is
regular. If it is not

regular, prove that is not regular. Note that, a rigorous proof is needed.
General reasoning

or explanations that are not rigorous will not get full credit. (15 points)

Hint: A palindrome is a word such that when read backwards, is the same
word. For

example the word “mom” when read left to right is the same as it is when it
is read right

to left. In general, the first half, when reversed, yields the second half. If the
length of the

string is odd, the middle character is left as it is. For example, consider the
word

“redivider”. Reversing “redi” yields “ider” and “v” is left as it is. For strings
with

alphabet {a, b}, “aaabaaa” is a palindrome but “abaaa” is not.

c. A language, whose alphabet is {a, b}, such that the strings of the
language contain

equal number of “ab” and “ba”. Note that “aba” is part of the language,
because the first

letter and the second letter form “ab” and the second and third form “ba”. Is
this language

regular? If it is regular, prove that it is regular. If it is not regular, prove that
is not



regular. Note that, a rigorous proof is needed. General reasoning or
explanations that are

not rigorous will not get full credit. (15 points)

d. The class of regular languages is closed under union. That is of Ais a
regular language

and B is a regular language, then C is a regular language, where C = A . B.
Note that B

. C. (B is a subset of C). Let D be some subset of C (that is, D . C). In general,
isD

regular? If it is regular, prove that it is regular. If it is not regular, prove that
is not

regular. Note that, a rigorous proof is needed. General reasoning or
explanations that are

not rigorous will not get full credit. (15 points)

Question 2:

Consider the language described by the regular expression a+b*a, the set of
all strings

that has one or more a’s followed by zero or more b’s and ending in a single
a.
a. Construct a NFA which recognizes this language. Note that you need to
construct a

primitive NFA using the constructions describe in class. (10 points)

b. Convert the above NFA to a DFA using . closure. Clearly indicate the steps
of .

closure. (20 points)

c. Convert the above DFA to an optimized DFA (10 points)



HomeWork

1. Work on the homework individually. Do not collaborate or copy from others
2. The homework is due on Tuesday, April 24 In Class. No late submissions
will be entertained

3. Do not email your answers to either the Professor or the TA. Emailed
answers will not be

considered for evaluation

Question 1. (50 Points)

Consider the following grammar. Construct LR(0) items, DFA for this grammar
showing LR(0) shiftreduce

table. Is this grammar LR(0)? Indicate all possible shift-reduce as well as
reduce-reduce

conflicts. Using the concept of look-ahead, generate SLR(1) table - which
LR(0) conflicts get

eliminated? Using the input (ID + ID) * ID show the SLR(1) parse - show the
stack states and shifts

and reductions as shown in the examples in the Louden book.

Grammar:

E'->E

E->E+T

E->T

T->T*ID

T->1D

T -> (E)

Question 2. (50 Points)

Construct a pushdown automaton for the following language:

L = { aibjck| i, j, k >= 0, eitheri =jorj =k}



Practice
Q #1. Design a Turing machine for recognizing the language (please give a
formal
description including tape alphabet, full state transition diagram identifying
the
acceptance and rejection states if any)
L= {anannl n>=0}
L = { w | w contains twice as many 0's as 1's, w is made from {0,1}* }
Q #2. Design a Turing machine to perform multiplication of two natural
numbers
represented as the number of zeroes. For example, number five is
represented as 00000
Hint: Use repeated addition
Q #3 Design LR(0) items, their DFA and SLR(1) parse table for the following
grammar
showing the parse for the following input : ((a), a, (a, a)) Also show the parse
tree
obtained. Is this a LR(0) grammar? If not show the conflicts and show how
you can
resolve them through SLR(1) construction
Grammar :
E-> (L) a
L->L, ElE
Q #4 Design Context free grammars for the following languages (alphabet is
{0,1})
a. {w | w starts and ends with the same symbol (either 0 or 1, which is the
alphabet)}
b. {w | w = wrie, wis a palindrome}
c. {aibjck|i=jorj=k,i,j, k>=0}
Q #5 Design pushdown automata (PDA) for the following language:
{w | w has odd length and the middle characteris 0}
Q #6 Show first, follow and predict sets for the following grammar after
removing left
recursion and left factoring:
E->E+T
E->T
T->T*P
T->P
P-> (E)
P->ID
Q # 7 Using the pumping lemma show that the following languages are not
regular:
{Om 1n| m not equal to n}
{02n
| n>=0}
Q #8 Design NFA, DFA and minimize the DFA for the regular expression:
0+1+0+0



Test 1
Question 1: DFAs (Choose any three questions out of five: 30 points)
Devise DFAs for:
1. All strings that start with 1 must end with a 0 and those which start with
0 must end with 1 (alphabet of this language is {0,1}), no null string
2. All strings from the alphabet {a, b} which contain an odd number of a’s
and even (but non-zero) number of b’s
3. All strings that must have 0110 as the substring (alphabet {0,1})
4. All strings which have a length greater than or equal to 3 and ending on
b or two consecutive a’s
5. Strings that do not contain 3 consecutive a’s
Question 2: Regular expressions (Choose any three questions out of
five: 30 points)
Write regular expressions for:
1. Expressions that enumerate all positive integers (including 0) upto 100000
but without any leading zeroes
2. Strings made from {a, b} that start and end on the same letter (ie, strings
starting with a end on a and those starting with b end on b)
3. Floats using decimal point representation with integer and fractional parts
- no leading or trailing zeros and precision upto 4 places after decimal
4. Identifiers that start with a digit or lowercase letter following which one
can optionally have one or more of digits or letters or underscores.
Identifiers can not end on an underscore (consecutive underscores ok
though)
5. Positive integers no leading zeros in which all 2’s should occur only after
3’s and all 1's should occur only after 2’s (ie, no 2 should occur before a 3
or no 1 should occur before a 2).
Question 3: Regular Expression . NFA . DFA (30 points)
Convert the following regular expression into a NFA and convert the NFA to
DFA
showing the key steps (such as computing a-closures of sets of states etc.) :
blab]+ Show
all possible NFA transitions (using parallel tree) for the string babba and
verify the state
transitions in corresponding DFA
Question 4: State True or False (10 points)
a. Consider a language S=(a|b)*. Consider a Regular Language L, whose
alphabet is
from the set .= {a, b}. Let M be a DFA that Recognizes L. Let M' be a DFA
obtained from M by changing all accepting states of the M into non-accepting
states, and by changing all non-accepting states of M to accepting states. M'
recognizes the complement of language L given by S - L
b. For every NFA and its equivalent DFA, the number of states in equivalent
DFA
must be at least equal to the number of states in the NFA.
c. Consider languages L and L' such that L. L'. Let M be a DFA that
recognizes L



and M’ be DFA that recognizes L' then the number of states in M’ must be
equal

to or greater than those in M.

d. Consider languages L and L' such that L. L'. Let M be a DFA that
recognizes L

and M’ be DFA that recognizes L' then the number of states in M’" must be
lesser

than or equal to those in M.

e. For every regular expression there can exist more than one DFA that
recognizes

the language described by the regular expression.



Tesst 2



Project
Notes:
1. This project has two phases. Phase 1 is due by April 14t by 5pm. Phase 2
is due by April 28t
by 5pm.
2. There will be no extensions for either phases
3. You will work in groups of three
4. Each group should submit a report and source code for each phase. If
multiple source files, they
must be tarred along with the makefile
5. You can program in C, C++ or Java. Do not use tools (like lex and yacc) or
the standard
template library
6. Code should be properly documented with meaningful variable and
function names. Short
elegant code will get bonus points.
7. You will find the course slides on DFA/NFA/scanner/recursive descent
parser useful.
8. Each phase of the project is worth 100 points. The bonus section is worth
50 points.
Phase 1:
Objective: To write a scanner and parser which can construct and execute an
NFA for any regular
expression.
Consider the language of regular expressions. The alphabet of this language
isthe set{a, b, *,
+ (, ), ., |} (commas and spaces are not part of the language). Using
this alphabet one can
write any regular expression. Our goal in this project is to be able to read any
regular expression
described by the following grammar and construct primitive NFAs and join
them together to form a
NFA that will recognize strings described by the regular expression. We will
do this step by step by
developing answers to the following questions. The production rules for this
language are given by
. R*
. R+
. (R)
. (R|R)
. R.R
. a
. b
Question 1: Rewrite the grammar to remove left recursion.
Question 2: Identify the tokens of this language and write a scanner program
which can scan this
language and return tokens .

XXX XWXIODO



Question 3: Write a recursive descent parser which can parse this language
(based on the modified

grammar which removed left recursion) and yield a parse tree. Note that this
grammar has implicit

precedence. That is for a regular expression, a.b* the “*” operates on “b” and
not a.b as a whole. This

is true unless it is bracketed. In, (a.b)* on the other hand, the “*” operates on
(a.b) When you build a

parse tree you must take care of such precedences

Question 4: Now you need to write a program which can construct a NFAs
based on the parse tree

based on primitive NFAs. As discussed in class, primitive NFAs should be
joined together to form

NFA for the complete regular expression. This final NFA will be represented
as an adjacency matrix

described below. Thus the output of this program should be an adjacency
matrix.

Adjacency matrix: Any NFA is a directed graph. A directed graph G consists of
a set of nodes (in our

case states) and directed edges (in our case, transitions). For example, in the
graph below, A,B,C are

nodes and 1,2,3 are edges

A

B

C

12

3

Any directed graph can be represented by an adjacency matrix. For example,
the matrix below

represents the graph. Since edge “1” connects A to B, thereis a “1” in the
row corresponding to “A”

and the column corresponding to “B”.

ABC

Al3

B2

C

Similarly an NFA can be represented by an adjacency matrix. Note that more
than one element can be

present in a cell. For example, in the NFA if the edge from A to B is labeled
a,b then you would have

both “a” and “b” in the corresponding cell.

Question 5: Given such an adjacency matrix of an NFA and given an input
string consisting of a’s and

b’s write a program to simulate the NFA and output if the string is accepted
or rejected. Note : NFAs

can progress on multiple paths and you should simulate this effect - if one of
the paths results in accept

state then the input string is accepted by NFA.



Phase 2: To write a program which will construct a DFA from any NFA. You
will use adjacency

matrix as the representation and use epsilon closures to generate DFA.
Finally write a program to

simulate the DFA.

Bonus: Given an adjacency matrix for a DFA, write a program to produce
minimal DFA by state

merging.
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